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A Striking Example of how Science ecan
help Business.

We hear many examples in these days
of how science is being brought to bear on
improving the production side of industry.
A striking example of this is given on pages
6-11, where are shown some details of the
use of the Weston 1lluminationmeter. While
there are, of course, other instruments of a
similar high standard available, they all
have one point in common, they enable the
busy, practical man to demonstrate to his
customer, i.e., the works manager, whether
his lighting is up to the standard which will
give the best output. Years ago photometry
was regarded as a science which could only
be practised in the photometric laboratory.
To-day it is still a science, but it has been
brought out of the laboratory and made
easily available to installation engineers
and contractors to whom it should prove
the means of securing new business during
the coming winter months.

Further Development of Gas-discharge Tubes.

We have already referred in a previous
issue to the  Osira >’ discharge lamp. The
development and practical application of
the electric discharge lamp is one of the most
important recent advances in the technique
of light production, and the latest develop-
ment is the Mazda Mercra lamp. It will be
remembered that the ¢ Osira ”’ lamp works
at a low temperature. The Mercra lamp,
however, has a double-walled bulb, the
inner container of which becomes exceed-
ingly hot while the lamp is in operation.
Readers will be interested in the description

of this new development, which appears on
page 3. It is a subject on which we hope
to keep our readers fully informed in
forthcoming issues.

For Wireless Engineers.

The subject of alternating current bridge
methods of electrical measurement is one
which has for years been regarded by
electrical engineers as a highly technical
one, and we believe that one or two very
learned treatises have been devoted to the
subject. We are glad to be able to publish
an article which illustrates some practical
methods of using an alternating current
bridge for measuring and comparing induc-
tances such as are used in wireless receivers.
The principle employed is, of course, similar
to that of the Wheatstone bridge and
anyone who is familiar with the principle of
this will have no difficulty in following the
methods described in the article on page 33.

Our Motor Design,

The original design for a { h.p. induction
motor, which is given in the article on
page 2I, has been included at the special
request of several readers. It is not sug-
gested that it would be cheaper to make
such a motor than to purchase one of the
many excellent designs obtainable from
electrical manufacturers. There are, however,
hundreds of electrical engineers who, we
believe, will thoroughly enjoy building this
little machine from the instructions given.
It cannot be denied that there is a pleasure
to be obtained from seeing it work which
will appeal not only to the student but to the



2 THE PRACTICAL ELECTRICAL ENGINEER

September

engineer who believes in using his hands as
a relaxation from using his brains. Inci-
dentally, an actual motor has been con-
structed by the designer, and has been
running very satisfactorily, and as the
instructions for making 1t are quite clear, no
difficulty should be experienced by those
readers who decide to build the motor.

Development in the Mercury Are Rectifier.

It is interesting to think that had the
Thyratron or grid-controlled mercury vapour
rectifier reached its present state of perfection
ten years ago, it is not inconceivable that
the present grid system would have been
planned on entirely different lines. There
is no doubt that the possibility of dealing
with very large currents by means of the
Thyratron rectifier is of very great importance
in the future development of electrical
transmission and distribution. Aswill be seen
from the article on page 14, the Thyratron
makes it possible not only to rectify currents
of hundreds of amps, but to stop or start
them or to control their magnitude, the
power necessary for control being only of
the order of a few milliwatts.

Planning a Distribution System.

The problem of planning the distribution
system for a house 1s one that rejuires a
good deal of care, as not only must imme-
diate requirements be considered, but some
provision should be made for future ex-
tensions. In the article on page 15 Mr.
J. V. Brittain, AM.ILE.E,, deals with the
problem in a thorough manner, and his
article will, we think, be of considerable
interest to many of our readers.

Telecontrolled Radio. .

The idea of being able to place a wireless
set in some out-of-the-way place, and then
be able to control it from anywhere in the
house has a tremendous fascination about
it. A practical means of doing this has
recently been placed on the market by
Halford Radio, Ltd., whose system of
telecontrolled radio consists of an operating
unit and a small control box suitable for
carrying about in one hand and which has a
length of flex attached to it so that it can
be plugged in at any point in a room where
most convenient, after, of course, the house
has been suitably wired. Thus, you can
sit in a comfortable armchair or lie in
bed, with the control box by your side, and
choose any station that your wireless set
is capable of receiving. Practically any
modern set can be converted for telecontrol,

the only essentials being that the condenser
spindles must permit of attachment to the
drive of the operating wunit; the volume
control must be of the variable bias type ;
and it must be possible to fit the wave-
change switch without disturbing the balance
of the receiver.

Safety in Mines.

For many years mining engineers have
been seeking a solition to the question of
providing an adequate lighting system in
coal mines. The main consideration is, of
course, that it must be free from danger
when operating in the presence of firedamp
or coal dust. While battery lamps have
been improved considerably, the fact that
their candle power is limited, since weight
has to be considered, makes them unsuitable
for the purpose. On page 40 will be found
details of a self-contained pneumatic electric
lamp and generator, operated from com-
pressed air line, which has been specially
developed for improving the lighting of
collieries without increasing the danger of
explosion.

A Visit to the Cossor Weorks.

We were recently privileged to spend an
interesting morning at the works of Messrs.
A. C. Cossor, Ltd., where we watched the
evolution of a valve from the raw materials
to the finished article. Each valve takes
roughly three hours to make, during which
time it goes through about 20 named pro-
cesses. Some of the machines for certain
processes are capable of dealing with as
many as 64 valves at a time.

The efficient manner in which the Cossor
people are turning out their products in
readiness for the coming winter months is an
encouraging sign of the healthy state of the
radio industry.

Questions and Answers by Practical Men.

We believe that many readers will welcome
the new feature under the above heading,
which appears on page 44. It isouraim to help
readers as much as possible with practical
problems that crop up in the course of
everyday work, and we feel that one of the
best methods of doing this is to obtain the
advice of practical men in the industry,
who may have found themselves faced with
similar difficulties from time to time. If
you have a problem, or if you have an
answer to any question published, we shall
be interested to hear from you. Any
answers published will, of course, be paid
for at our usual rates.
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by a vacuum jacket. 230v.

A.C.

|

signed to cast
narrow fan-shaped

Changes that Occur

beams and to estab-

When Lamp is
Switched On.
It is especially in-

lish even road illu-
mination and
favourable driving

teresting to observe
the changes in the
form of the arc and
the luminous out-
put when the lamp
is first switched on
and is quickly heating up. At first the
lamp is filled with a uniform pale blue
glow. As the temperature rises and the
vapour pressure increases, the luminous
column leaves the walls of the tube and
narrows down until finally it appears as a
brilliant narrow cord in the centre of the
tube. It is at this final stage that the
luminous output is high, and also the
quality of the light is much improved as
compared with that of the ordinary
mercury glow.
Efficiency is 40 Lumens /77" 706¢
ver Watt.
Spectrographic
records of Mazda Mer-
cra lamps have been
taken during this rapid
warming up process, and
the progressive increase
in the red radiation is
clearly indicated. The
lamps need a small
stabilising choke in
series with them, and
power factor can be
corrected readily by
means of a condenser.
The efficiency of the
lamps is approximately
40 lumens per watt.

Floodlighting and Road
Iltumination.

A photograph of the
Royal Bath THotel,
Bournemouth, flood-lit
with Mazda Mercra
lamps in specially de-
signed projectors, is
shown on the previous
page. Lanterns de-

Vacvous
Space \T

Electrode

N\ sow Temperatyre
Electron Emitting Cathodes.

THE Mazpa MERcrRA Lawmep,

Suitable for street and highway lighting,
floodlighting, etc.

DEeTAILS OF THE MAzDA MERCRA
GAs DISCHARGE Lawmp.
This operates on 230 volts A.C,
and consumes 400 watts.

conditions, are
generally em-
ployed in the

modern high-
way lighting
schemes using the
new gas discharge lamps.

Further Cathode Developments.

The cathodes used in the present Mazda
Mercralamps are of small size, suited to the
400-watt capacity of the lamps; but it is
interesting to note that it would be
possible to arrange lamps of very high
power. The cathode in question is known
as the indirectly heated, heat-shielded
cathode. It differs from the ordinary
hot cathode, in that its electron emissive

surface is of much
Oyter Tube. greater area than that
of its heat radiating
surface, and further-
more, the heat losses
are reduced by the use
of a number of polished
metal heat-shields. It
consists usually of a
cylindrical metal struc-
ture containing a large
number of vanes coated
with the electron-
emitting material.

As many as possible
of these electron-emit-
ting surfaces are packed
into the pot-like con-
tainer, which 1is sur-
rounded by two or more
heat shields, and the
net result is a cathode
of high electron emission
and low heat loss—in
other words, one of
high efficiency, Another
advantage of this type
of structure is that loss
of emitting material is
reduced by the heat
shields, and liability to

Tf/ec)‘/'oa’e

Final position
of luminous
i~ column.

- Mercury
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troubles due to
diminution of acti-
vity and glass
blackening is thereby
lessened. The dia-
gram on the right
shows the general
arrangement of a
cathode of this type.

Hea?
Shields.
N

Three Examples.
Some idea of the
efficiency and rela-
tive sizes of these
heat-shielded
cathodes can be
obtained by consider-
ation of three exam-
ples. A very small
non - heat shielded
cathode is used in
certain standard
Mazda  wvalves; it
consumes 4 watts and
permits of anode
current of 20 to
50 mA. The nextexampleis aheat-shielded
cathode in a Mazda Thyratron ; it takes
50 watts and will give an anode current
of six amperes. Finally, there is a large-
size heat-shielded cathode consuming 300
watts and giving a current of 100 amperes.

Chief Use for Special Cathodes.

The chief use of these special cathodes
in future gas discharge lamps will probably
be in such applications as floodlighting,
and for beacon lights. Cathodes that
will deliver an anode current of 1,000
amperes have been made for B.T.H. “ Thy-
ratrons,” and this cathode comparison
has been mentioned to indicate that
cathode design will not determine the
limit of capacity of luminous discharge
lamps. The possibility of constructing
very efficient and exceptionally large
single sources of light is of considerable
interest.

SODIUM VAPOUR LAMPS.

Whilst the mercury lamp for high
efficiency needs a vapour pressure of one
or two atmospheres, other metal vapour
lamps may be constructed in which the
requisite pressure is only a few thousandths

A HEAT-SHIELDED CATHODE.

of a millimetre of
mercury, that is to
say, a small fraction
of one atmosphere.
The chiet among
these to be produced
so far is the sodium
lamp, and Mazda
lamps of this nature
have been developed
and demonstrated.
The sodium lamp
makes no pretence of
giving a colour ren-
dering approximat-
ing to daylight. In
fact, the light from
it is virtually mono-
chromatic and is, of
course, yellow.

Vanes.
L/

| Heater
_/F//amem‘.

Sypports ana
C'U/e'%f Lead.

How the Yellow Light
is Produced.
The scdium lamp
has a separately
— === heated hct cathode,
with one or more anodes in a bulb, which,
for heat conservation, is mounted inside
a vacuum jacket. The lamp is filled to a
suitable pressure with one of the raré
gases such as argon, and contains a little
sodium. The electrical characteristics are
not appreciably altered by the presence
of the sodium, a trace of which, however,
converts the faintly luminous glow of the
rare gas into a brilliant yellow light. The
lamp starts with a low-voltage arc of
from one to five amperes in the rare gas,
and the energy liberated in this heats up
the sodium until finally a temperature
of about 200° C. is reached. At this
temperature the sodium vapour is at such
a pressure that a bright yellow light is
produced.

Other Problems that Have to be Considered.

The further development of both mer-
cury and sodium lamps, which is being
pursued actively in the B.T.H. works,
presents many problems connected with
electrical discharges in gases.

We are indebted to the engineers of
the B.T.-H. Co. for the information given
above. We hope through their courtesy
to keep our readers informed of further
developments.
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JSYNCHRONISING TURBO-ALTERNATORS

By W. T. WarpaLe, A M.LEF.

size, the speed of the set must
give exactly the same periodicity
as the system, the voltage of the incoming
machine must be the same as that of the
system or slightly higher, and the incoming
machine must reach the crest and bottom
of the wave in exact step with the system.
Fig. 1 shows the instruments used for
synchronising. The voltmeters for the
system and the machine have been
omitted to keep the diagram simple. In
Fig. 1, R, W and Y indicate the phase
windings. The machine is connected to
the busbars through the oil switch.

TO synchronise an alternator of any

Excite the Exciter Field.

Whilst the turbine is being run up to
speed, excite the exciter field and see that
its voltage comes up steadily with the
speed of the turbine. This proves the
exciter to be in order. On the exciter
attaining half its working voltage, close
the main field switch and adjust the cur-
rent in the main field to the point at
which the machine synchronises easily ;
this point is usually marked. Adjust the
machine volts so that when full speed is
signalled, the machine voltage will be

machine is a little above full speed tLe
synchroscope pointer will travel in a clock-
wise direction very slowly.

Signal for the speed to be lowered a
little, or, if on a modern switchboard,
lower the speed yourself by means of the
special switchboard control. Get the
pointer just crawling in a clockwise
direction and when the pointer is in the
position shown, or rather nearer to the
vertical, close the oil switch promptly.
The machine is now on the bars and you
can signal to the turbine driver to open
the stop valve and so bring the load
gradually on to the machine.

A Simple Process.

The explanation of the prccess is simple.
Leads from two of the phases on each
machine, in this case, R and W, are taken
to a small potential transformer,
which gives a very low tension supply,
say, 110 volts, to the synchronising leads
when the four-pin plug is inserted in the
holes S.P. and S.P. These leads go to one
side of the synchroscope. The other side
is connected to a similar low tension supply
taken from the system, through the trans-

slightl higher than that of the former. The two sets of leads are so
ghtly 1€
system:. connected inside the synchroscope, that
| when the system
Now Watch the (ot Tansforrr P and the machine are
Synchroscope. :ﬁl y { ) out as regards peri-
Then put syn- ** { odicity, a small
chronising plug into Smmsmgfim motor or a set of
holes S.P.S.P. and Transformer (g vanes will revolve.
watch the synchro- Swich A Now note care-
scope. The pointer fully that the
will revolve slowly greater the differ-
in one direction or _\M]P"te"t'a' ence in periodicity
the other according Transformen between the
to whether the machine and the

machine periodicity

YETINW gy synetronssing
Alternath ‘ e

system the faster

is higher or lower

will be the speed

than that of the
system. If the

Synchronising Leads
Fig. 1.—THE INSTRUMENTS USED FOR SYNCHRO-
NISING.

of the motor or
vanes, and hence
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Step down
Transformer

MaCHINE | Sipe

a) )| Phasing
%o/ | Out Lamps

Step down
Transformer

%
o o,
s

Fig 2.—SHOWING THE USE OF PHASING-0UT
LAMPS FOR SYNCHRONISING ALTERNATORS.

of the synchroscope pointer to which
they are attached.

The Synchroscope Connections.

The internal connections of the syn-
chroscope are so arranged that when the
machine periodicity is higher than the
system the pointer revolves with the clock,
but that when the machine periodicity is
lower than the system the pointer will
turn in an anti-clockwise direction. The
connections are usually made so that
when the arrow of the pointer is vertical
the machine and the system are rising
and falling in absolute agreement.

Therefore, get the voltage right, then
the synchroscope pointer revolving very
slowly in a clockwise direction, and when
the arrow is almost vertical, say at
““ five minutes to,” close the oil switch.

Two Points to Watch.

Watch two points : never close the oil
switch after the arrow has passed the
vertical position, and, if you have to bring
the speed of the set up from too low, and
so cause the pointer to stop revolving
anti-clockwise and start turning with the
clock, do not take the first turn which
comes up after the change of direction.
The pointer has had to be stopped and
reversed, and is going really quicker than

it appears; that is, it is travelling too
fast with the clock and the system and
machine are too far out to synchronise.
Let the first two revolutions in the new
direction pass, and then make any further
slight adjustment to the speed of the set
to give just the crawl on the pointer which
is best for synchronising.

The Lamp Method.

The method of wusing phasing-out
lamps is not employed on the most
modern plants. The connections are
shown in Fig. 1. The synchronising
transformer, it will be seen, has two
primary windings, A and B, in opposition.
The single secondary winding supplies
a synchronising lamp. When the system
and the machine are in synchronism, the
windings A and B being in opposition,
will allow no voltage to rise in the secon-
dary winding, and the lamp will be dark.
When the system and the machine are
dead out of phase, the lamp will glow
brightly. This method may be used with
any voltage on the alternator, as all
instruments and plugs are at low tension.
It is, however, not fine enough when
dealing with really large sets, and so is
not much used to-day.

Putting a New Alternator into Service.

When a new alternator is about to be
put into service for the first time, it is
first necessary to know that the phases in
the new machine and the system rotate
in the same order. It must be, say,
R.W.Y. for both machine and system, or
any other combination desired; but it
must not be RW.Y. for the machine and
R.Y.W. for the system. A simple method
of checking this point is to take the bus-
bar leads through a transformer and
bring them out, giving a low tension supply
on each phase. A similar transformer is
then connected to the machine main
terminals, and the machine run up excited
and, to proper speed. The two low tension
supplies are then connected to a bank of
lamps as shown in Fig. 2. Each phase
from the machine on to the top contacts,
and the same phase from the system on to
the bottom contacts, this, of course,
being done through small switches. The
lamps should be chosen so that if the dead
out of phase voltage is, say, 220, then the
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PLANNING THE DISTRIBUTION S¥STEM FOR
A HOUSE

By J. V. BritraiN, B.Sc(Eng.), AM.I.LMech.E,, AM.LE.E.

In this article, the author deals with the method of distribution employed
for a small six-roomed house and for a larger house using electricity for

most domestic purposes, and explains how the various requirements of the
Regulations are fulfilled

various parts of a house requires

a certain amount of care in
planning with a view to providing for
all the points and services which will be
required and avoiding any unnecessary
cable runs. It is also worth while in
better-class work to make some pro-
vision for extensions, or at least to make
the system such that extensions are easily
added without upsetting the whole layout.
There is also the matter of protection.
By this is meant
the provision of
a satisfactory
arrangement  of
fuses which are
correctly graded
according to the
circuits which they
control so that
each circuit is
adequately  pro-
tected. By ade-
quate protection
is meant that

THE distribution of electricity to

Lights.

To .
— Downstairs

)

Fuses<|

rules as to their requirements in switch and
fuse gear and if an installation does not
come up to their requirements they will
not, of course, connect up.

The Regulations.

The main guidance for the~wiring of
buildings for both light and power is
found in the Regulations for the Electrical
Equipment of Buildings which are issued
by the Institution of Electrical Engineers
and which are ryeriodically reviewed.
These regulations
are now accepted

el
sS4 as standard by
D - .

%5, the majority of
S5 electricity supply
authorities and are
also used by in-
surance companies
as the require-
//goAUblGQ‘ ’;VOE:G ments for a satis-
-Amp 2- . -
Distmbution. factory  installa

Board. :

There 1is a
definite section of

should the current
in any circuit
approach a value

\@u |
‘ —

these regulations
which deals with
distribution  and

at which the cable

is likely to get hot Double-Pole

it will ‘be immedi- Fuses <10 or 15 Amp

ately disconnected , Switch & Fuse

by means of the Coupled Switch

fuse blowing. It

should be borne From or

Meter ——————J

in mind that to-
day there are very
few supply authori-
ties who do not
have fairly strict

Fig.

1 —TypPical. DISTRIBUTION ARRANGEMENT
FOR A SMALL SiX-ROOMED HOUSE.
This incorporates a double-pole switch and fuse,
together with a two-way distribution board.

the interpretation
of certain portions
of this section will
be dealt with in
this article. There
are, however, one

two main
points which
apply to every

installation and
these are as
follows :—
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pole switch and fuse, together with a two-
way distribution board. There are several
reasons why a small installation like
this should be divided into two circuits.
One of these is that the number of points
on one circuit must always be limited to a
reasonable figure and another is that
should omne fuse blow, the whole house
will not be plunged into darkness.

Method of Distribution.

In Fig. 1 the leads from the meter first
come to the main switch and fuse which
may be of the ironclad type or made of
bakelite or a similar material which is
an insulator. There are many different
types of these on the market which are
quite satisfactory. The size or rating
on this swit¢h fuse is usually 10 amps.
at 250 volts. This is the smallest size
which should be used as apart from its
capacity as a controlling switch there is
the consideration of mechanical robust-
ness. A smaller switch would be too
frail to be reliable for this duty.

Capacity of the Fuses.

From the main switch and fuse, leads
are taken to the distribution board which
in this case is double-pole two-way.
As the circuits which it protects are
lighting circuits the capacity of the fuses
will be 5 amps., which is the smallest
size of distribution board made.

Division of Lights into Two Circuits.

The division of the lights into two circuits
depends slightly on the actual layout
of the house, but it is found most con-
venient to divide them into downstairs
and upstairs, There will then be about
four lights on each circuit, and this will
be quite satisfactory.

Using a Splitter.

An alternative method of distribution
for this type of installation is the use of
a splitter.  Since there are only two
circuits the distribution board proper can
be combined with the main switch and
fuse and instead of the two pieces of gear
we get a unit comprising a double pole
switch with two pairs of fuses. This is
shown diagrammatically in Fig. 3 and it
will be realised at once that this type of

gear means a saving both in money and
time. A splitter also has the advantage
that the supply MUST be cut off before
any of the fuses are examined. With the
arrangement in Fig. 1 the distribution
board can be opened while the main
switch is still on and so a shock may be
felt. A large proportion of the smaller
houses now being built are therefore fitted
with splitters. These are made in the
T0-amp. size similarly to the ordinary
switch and fuse and are obtainable both
in ironclad and all insulated types.

Distribution in a Larger Home.
In our larger house we have to provide
for both lighting and power and it will be

Z™T
o -3
3
e
— )
—>» Upstairs
L Lights
r—— T0 )
—»-Downstairs
Lights.
— g

Fig. 3 —DiaGrRaM ILLUSTRATING THE USE OF A
SPLITTER.

This is an alternative method of distribution.
Since there are only two circuits, the distribu-
tion board proper can be combined with the
main switch and fuse.

assumed that electricity is wused for
practically every purpese for which it
weuld be found useful. Before actually
planning the layout it is advisable to
summarise the actual points that will be
required and we will take these as
follows :—

Lighting.

Reception rooms 6 points.
Kitchens, garage, etc. 5 points.
Bedrooms, etc. 6 points.
Heating.
15-amp. plugs in reception
rooms and bedrooms etc. 6 points.
Cooking.
One 4kW. cooker w1th plug
for kettle .. I point.
Washing.
One 15-amp. plug for washer I point.
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Hot Water.
One connection to immersion
heater I point.
Refrigerator.
One 5-amp. plug 1 point.

Separate Control Gear for Lighting and
Heating.

In order to provide for these services it
will be necessary to have separate control
gear for lighting and heating with the
usual separate special circuit controlling
the cooker. It is now necessary to decide

Lighting Circuits.
1 g2 3

Three-way Lighting Distribution Board.
With reference to the lighting this can
be grouped practically as tabulated above.
The grouping already given will probably
be quite convenient and a three-way
lighting distribution board will be re-
quired. This is shown in Fig. 4 and it
should be noted that the lighting is
entirely independent of any other part of
the installation. There are separate leads
from the meter and a separate main
switch and fuse is provided. The rating
of this main switch and fuse should be

Leads to
Cooker Control

Cooker
- [ oF— Switch
L%P:/gﬁ\yg [ & Fuse
Dist'n | | \ é_ 30-Amp
Board. 1
15-Amp. Dist'n Boar
Lighting Power Switch
Switch and Fuse
and Fuse L ° 60-Amp.
15-Amp.
From From From Special Meter
Lighting Power for Cooker or from
Meter Meter Power Meter.

Fuig

. 4 ~—DISTRIBUTION SCHEME FOR A LARGER HoUsE.

Note that the lighting is entirely independent of any other part of the installation.

how the circuits shall be split up and
although there are many variations in the
permissible arrangement there are certain
features which are definitely desirable in a
good installation. The actual require-
ments of the local supply authority will
affect the distribution considerably and
these requirements must be taken into
account when putting any scheme into
practice. Alternatively, where the regula-
tions laid down are not very strict a
somewhat simpler arrangement can be
put in although it is not possible to ““ get
away ” with very much now that wiring
installations are receiving so much atten-
tion.

15 amps. in this case as the total current
which could be taken on lighting would be
more than is usually considered suitable
for a 10-amp. switch and fuse.

When a Four-way Distribution Board
Should be Used.

If the amount of lighting was much in
excess of that tabulated above a four-way
distribution board would be desirable as
it has been accepted that 7 points are the
most which should be put on one lighting
circuit. The dividing up of the lighting
into alarger number of circuits also has the
advantage that in the case of trouble on






20

THE PRACTICAL ELECTRICAL ENGINEER

September

point to be added to a circuit
especially when the load which is likely
to be connected is not large. The re-
frigerator point would therefore in this
case be added to the circuit supplying the
washer since the latter would only be in
use for short periods. A refrigerator for
household use takes very little current and
it is also not very usual for an electric
washer to be fitted with electrical water
heating although the 15-amp. plug is
provided for this purpose in case it is
wanted. The washing mechanism would
be quite in order fed from a 5-amp. plug.

Pilot Lamp

—
L-Fuse for
Tumbler_| Pilot Lamp
Switch
Fuses _A i
for Pi | Switch
or Fiug to Cooker
From
Main Cooker
Switch
Fig. 7—~CooKER CONTROL,

Showing fuses protecting plug and pilot
lamp.

Wiring fo the Smaller Plug Must Not be
Less than that Connecting Larger
Plug.

It should be mentioned in connection
with this extra plug point (which is con-
nected in parallel with the 15-amp. plug),
that the wiring which supplies the smaller
plug must not be less than that connecting
the larger plug. This is on account of
the size of fuse which protects the circuit.
This fuse will blow presumably at x5 amps.
and the conductors supplying the 15-amp.
plug will carry this amount of current
quite safely. If now the extension to the

. 5-amp. plug was carried out with wire
suitable for only 5 amps. this would be
unsafe in the case of a fault which allowed

a current of, say, 12 amps. to pass. This
current of 12 amps. would not blow the
fuse and the cable to the 5-amp. plug
would thus be dangerously overloaded.
This situation would also arise in the case
of some apparatus being incorrectly con-
nected to a 5-amp. plug such as a 3-kW.
fire. If possible distribution gear should
always be arranged to provide for these
possibilities.

Fused Plugs for Electric Clocks and Radio
Sets.

The question of electric clocks and radio
sets is also one which requires attention
and these are provided for by means of
fused plugs. The principle of these is
shown in Fig. 6 where the clock or radio
plug is connected as an extension to the
15-amp. heating plug in the same room.
The current taken by a clock or radio set
is so small that it is quite allowable to
add this to a 15-amp. plug but since this
appara.tus is usua.lly connected by means
of “ flex ” it is'necessary to provide a fuse
before the size of conductor is stepped
down. In this case it will be seen that
should a fault develop in the circuit
supplied by the flex the fuse (which would
be about a 3-amp. fuse) would prevent
the current from reaching a value which
would damage the flex or other apparatus.

The Cooker Circuit.

With reference to the cooker, it is usual
to provide an entirely separate circuit for
this and the part which would be at the
main control board is shown in Fig. 4.
This control switch is usually a 30-amp.
double-pole switch and fuse—generally
ironclad—and this again has a separate
feed from the meter. This switch is in
the nature of a main control and the
actual cooker control will be seen from
Fig. #. This cooker control is situated as
as near as possible to the cooker at the
other end of the leads to the cooker.

Special Ironclad Switch.

This cooker control unit is a special
ironclad switch which includes a pilot
lamp to indicate when the power is on to
the cooker. This pilot lamp ensures the
supply to the cooker being switched off
when it is not in use.
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MATERIALS REQUIRED FOR CONSTRUCTION

Castings.
Two End Covers (Aluminium).
One Outer Casing {(Aluminium),
Two Bear.ngs (Gunmetal).
Two Lubricator Rings (Brass).
Two Lubricator Covers (Aluminiumj.
Two Rotor Spiders (Alumintum),
Two Rotor Short-circuiting Rings (Copper).

Stampings.

8 Dozen Stator Stampings, as specified Stallo
8 Dozen Rotor Stampings, as specified. atloy.

Wire and Insulating Material.
1} 1bs. No. 25 S.W.G. Copper Wire, Enamelled and
Single Cotton covered.

} ib. No. 32 SW.G. Copper Wire, Double Cotton
Covered.

6 ft. No. 8 S.W.G. Copper Wire, Bare.
One Sheet 10 mils. {.o10”)Leatheroid, 1oin. by 91n

One Sheet Vulcanised Fibre, 3z muls, (,032")
thick, size 6 in. by 3 in.

6 yards Cotton Tape, }-in. wide,
2 yards 5-amp. Flex,
2 1ns. Ebonite Rod, 1-in. diameter.

Raw Metallic Material.

1 ft. &-in. Round Bright Mild Steel.
1 ft. }-in. Round Bright Mild Steel.
3 1ns. f5-in. Brass Pin Wire.
% in. &-m. Round Bright Mild Steel.
Two ll\lhld Steel Nuts, tapped 4-1n., 26 threads per
ncho.
Three Mild Steel Bolts, }-in diameter, 33-in.
long under head
Three }-in. Whit. Nuts for the above.
Two %-1n. Steel Washers.
Two -1n. by 13-in. Split Pins.
Small quantity of Tinman’s Solder, Chatterton’s
Compound, Oil-resisting Varnish for Windings, and
Pant for Motor Metilwork.

value in cooling as air may circulate more
readily through the machine when running.

The End Covers.

The end covers are provided with oil-
boxes, lubrication being effected by the
time-honoured ring oiler system. They
are bored to receive the gun-metal bearings
and spigoted into the body casting to
preserve the alignment. Furthermore,
this spigot serves the purpose of clamping
the stator stampings and must be just
long enough to bolt right home face to
face with the body, and at the same time
grip the stator. It will be found that

there is a certain amount of springiness in
this group of stampings, sufficient to allow
enough latitude in fitting. The rotor is
again of Stalloy stampings of the same
depth, viz., 2% in., as the stator, but
2.492 in. diameter outside as compared
with the latter’s 2.500 in. inside diameter.
The air-gap of .0o4 in. obtained is a
rather close one which will make for
efficiency though .006 in. or even .o10 in.
could be tolerated.

How the Stampings are Supported on the
Shaft.

The stampings are supported on the

—t—

+
SCALE INCHES

F1g. 2 —HERE WE SEE THE GENERAL ARRANGEMENT OF THE VARIOUS COMPONENTS.
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shaft by a pair of cast aluminium spiders
secured by a snug instead of the usual
key and keyway, and bolted up from
each end. It will be noted that the shaft
is extended beyond the rotor at each
end so that the drive may be taken from
either side.

CONSTRUCTION.

Riveting Up the Stator Laminations.

Eight dozen laminations will make up
the 2% in. depth required for the stator.
As they are very accurately stamped and
quite flat, there will be no difficulty in
obtaining a smooth assembly if certain
points are watched. On the edge of each
plate will be found a small nick from which
they may be registered up. One side is
covered with a whitish insulating com-
pound (““Insuline”) whose purpose is to
prevent eddy currents straying from one
famination to the next.

The notch will be found very convenient
for location and each stamping should be
placed the same way up on the last, in
the correct register, so that the notches
resolve themselves into a long groove.
The position of these notches can just
be seen on the extreme right in Fig. 1.
Before riveting up through the four holes
provided, check the depth by lightly
squeezing the stampings up in the vice
or clamp. Soft iron rivets should be
used, and any slight burrs on the outside
of the assembly cleaned off with a file.

Machining the Outer Casing.

The overall diameter of the body
casting being a little under 6 in., it may
be swung in a 3 in. lathe.

The facing and boring is a face plate
job for a small lathe, and the casing
bolt holes are convenient for bolting the
job up during this operation. It may be

A

Fig 4 -—SHOWING ALTERNATIVE METHOD OF
g 4
SEcCURING END COVERS

LOCATING NICK,

23- Y% HOLES,
2% 0ia. PITCH CIRCLE

-
7 om

b —4.80"—— .{

Fi1g. 3.—DETAILS OF THE STAMPINGS.

necessary to drill special holes in the face
plate to accommodate these, but this is
an advantage as the same holes may be
used for mounting the end covers. There
are two alternatives open in the matter
of casing bolts, ie., through bolts, a
clearance fit through the carcase or stud
bolts tapped into it. In either case, they
should be } in. diameter. If the former
method is adopted, first mark out the
casing carefully on each side, drill /- in.
for a depth of about % in. and tap § in.
Whitworth. Short set-screws through the
face plate screwed intothese holeswillthen
secure the castingrigidly enough for ensuing
operations, the holes being afterwards
drilled through 1} in. clearance.

Fig. 5 shows the casting rigged up
for the first machining operations. The
internal “lands” should be -carefully
bored to a good fit with the stator stamp-
ings and these should be tried in several
positions in case they are not quite in
register at some particular spot round
their periphery. Before this casting is
removed, face the ends, and counterbore
to 4% in. diameter, for a depth of 3 in.
full.

Jigging the Carcase Casting.

The corresponding counterbore at the
reverse end must be quite concentric
with the first. Some form of jig to locate
the as yet unfinished casting i§ essential,
and a thin disc of brass or aluminium
bolted through the face plate suggests
itself. The photograph shows the jig
plate bolted to the face plate through the
slots and skimmed up to a push fit in
the work.
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Fig, 12—A DEVELOPMENT OR ‘‘ PANORAMIC” SKETCH

OF THE WINDINGS.

Note how each opposing coil-group has 1ts direction of
winding reversed when seen from the centre of the stator
The running winding is shown by full lines and

tunnel.
the starting winding by dotted lines.

from No. 1 is continued to the opposite
side of the stator and 85 clockwisc turns
laid between slots 16-21, 15-22, 14-23
and 13-24.

The Starting Winding.

The starting turns are accommodated
in the remaining eight slots. The 32
gauge wire is used here, and the first
two coils to lay on are Nos. 8 to 17 and
7 to 18 (clockwise), 150 turns each. The
end leading from No. 18 is passed across
to No. 2o slot and is used to start the
last two coils, 20 to 5 and 19 to 6, again
150 turns per slot, but wound in an anti-
clockwise direction.

The accompanying table gives the
details of a winding for 2z0-250 volts,
50-cycle single phase supply :(—

25 S.W.G. enamelled and

Running
single cotton covered

winding

Gauge of wire

Conductors per slot | 85
Slots per complete

cotl .. .. 8
Cotls per phase .. 2

Starting | Gauge of wire 32 SW.G. double cotton
winding covered
Conductors per slot | 150
Slots per complete
coil .- . 4
Couls per phase .. 2

What to Do Before Winding is Begun.
Before winding is begun, the slots
are numbered from 1 to 24 to conform

' TWIN-HNOB
SWITCH

to the developed winding diagram
and assist in tracing the con-
nections. Each slot must be
lined with a strip of 10 mil
leatheroid cut to such a length
as to overhang at each end
about % in. and wide enough
to cover the whole inside surface
and be flared out at the slot
opening as shown in Fig. 16.

The protection this offers will
prevent damage to the wire as
it is slipred into the narrow
space between the teeth; the
ends can be trimmed after the
slot has been filled, folded in and
the opening closed with a strip
of J, in. fibre 2} in. long by % in.
wide, which will effectively pre-
vent any wire becoming displaced
in subsequent service.

% N2 6u

Important Points to Remember.

Having studied Figs. 1zand 13, the actual
winding can be started. The most im-
portant fundamentals are as follows :—

Never let the wire get kinked ; work
the wire gently into the srace between
the stator teeth without resort to ham-

RUNNING /

COI/ILS

Fig. '13 —EXD VIEW OF THE STATOR.
Showing the disposition of the starting and
running windings.

STARTING
COILS
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PRACTICAL DETAILS OF A BRIDGE METHOD
OF MEASURING AND COMPARING

HE following

I particulars re-

lating to the
measurement or
comparison of induc-
tances such as L.F.
chokes, intervalve
and output trans-
formers may prove
of assistance to ex-
perimenters who are
desirous of conducting
their own tests and
measurements.

The basic circuit
is that of the Wheat-
stone Bridge and is
illustrated in Fig. 1.

The four arms of
the bridge are of

INDUCTANCES

A »

¢

P Q <
~

Galvanometer 2

or Head-phones N
c D Ve
b

B

<

)

<

Fig. 1—A SMPLE BRIDGE CIRCUIT.
‘Where the arms P, Q, R and S are all
equal in value.

resistances in series
—N a fixed resistance
and X a variable
resistance. This arm
is shunted by a
variable condenser C,
and the inductance
under test L. The
self capacity of the
inductance coil,
shown in dotted lines,
acts as if it were in
parallel with C.

Alternating current
is fed to the bridge
at A and B, and
the galvanometer or
detector is connected
across C and D.

Prior to describing

equal value and the bridge is supplied with
alternating current at points A and B,

whilst the galvanometer or detector is
connected across C

and D. Under these

conditions the
bridge will
“ balance ”” and the
galvanometer will
show no deflection.

Jom.

The Circuit Actually
Employed.
The circuit
actually employed
is shown in Fig. 2
and will be seen to

A.C Voltage )é’pp//ed here
C
(%)

be a modification
of that in Fig. 1.
The *“ arms "’ of the
bridge are P, Q,
R and S, and it
will be noted that
P, O and R are
identical. ThearmS
consists of two

tuned to
resonance

Balancing res. show/ng
relatve efficiency of L.

Circurt Tumng capactty
Inductance
under test.

Fig. 2~THE ActruaL Bripge Circuit EM-
PLOYED FOR THE INDUCTANCE MEASUREMENTS
DESCRIBED IN THIS ARTICLE.

the operation and values of components
required it will be worth our while to
consider the principle employed.

Possta The Principle

/. nce.

{ Values equal T (1:1 mg) E{?l n a
Q balance it is neces-

sary in this form
of bridge that the
arms have the same
electrical value.
Now arms P, Q
and R are made
equal at the com-
mencement, there-
fore arm S is the
one to be considered.

Referring to Fig.
34, we see the
equivalent of arm
S, where the
capacity C and the
inductance L are in
parallel across the
resistances N and




34 THE PRACTICAL ELECTRICAL ENGINEER

September

X in series, the whole combination forming
the arm S.

Now this looks very complicated, but it
is not so bad as it looks. If we resonate
the inductance L by means of capacity C
to the frequency of the supply, we then
have in place of C and L what is known as a
dynamic resistance Rd, and our equivalent
electrical circuit becomes that shown in
Fig. 38. Since two resistances in parallel
give a sum total less than either of them
taken singly, it is obvious that if the sum
of N and X in series with Rd in parallel
is to equal that ot the other arms then the
value of N and X (without Rd in parallel)

N i
S ;% L ::é:
X :
(@)
[S
N
s Ry
X
&)

Fig. 3—THE ARM S.

At (A) we see the equivalent of arm S, where
the capacity C and the inductance L are in
parallel across the resistances N and X in
series, the whole combination forming the arm S.
(B) shows the equivalent electrical circuit when
L is resonated by C to the frequency of the
supply, so that in place of C and L there is a
dynamic resistance Rd.

must be greater than any of the other
arms. Therefore, we make resistance N
equal to the other arms and use the vari-
able resistance X to compensate for the
effect of Rd, the dynamic resistance, in
parallel.

The Component Parts of the Bridge.

For general purposes arms P, Q and R
may consist of 1,000 ohms resistance each.
Resistance N should then be 1,000 ohms,
and resistance X o to 50 ohms variable
(calibrated). These resistances should

have low inductance or preferably be
non-inductive.

The galvanometer, G, should be sensitive
and suitable for use with alternating
current. If the frequency is suitable a
pair of telephones may be wused. A
resistance in place of the galvanometer
with an amplifier transformer-coupled
to it may be used if necessary and a
variable shunt may also be needed across
the galvanometer, which can be set to
requirements when adjusting the bridge.

The A.C. Supply to the Bridge.

This should preferably be taken through
a transformer and the variable and fixed
resistances should be shielded and the
shields earthed and the transformer
should have a shield between primary and
secondary which should be earthed. These
precautions will minimise electrostatic
effects due to hand capacity, etc.

The Variable Capacity.

The value required will depend upon
two factors—the inductance of the choke
or transformer and the frequency used
when measuring. If 50 cycles be taken
as the lowest frequency likely to be used,
then for inductances from 10 to 50 hys.
a capacity variation of from .2z mfd. to
1.0 mfd. will be required.

A table is given showing the capacity
values required for various inductance
values at a frequency of 50 cycles.

TaBLE oF CAPACITY VALUES FOR USE TO
REsoONATE VARIOUS VALUES oF INDUCT-
ANCE AT 50 CYCLES.

Inductance Capacity
L in C in
Henries. Microfarads.
10.14 1.0
20.28 0.5
30.00 0.338
40.00 0.251
50.00 0.228
60.00 0.169
70.00 0.144
80.00 0.126
90.00 0.112
100.00 0.10I
150.00 0.007
200.00 0.050
250.00 0.040
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Large condenser-in series with each side
of galvo. to prevent D.C passing
through galvo™

D

Battery

Var. Resis.

(@

These values may be obtained from
the combination in parallel of wvarious
other values such as 4, 3, 2 and 1 giving
10 unitsor 5,2,2and 1 or 3,3,2 and 1 or
5, 3. I, I. To cover the range from .oox
to r.111 mfd. a total of 12 condensers is
all that is required. These may consist
of groups as follows :—

.001 mid. .01 mfd. .I mid.
.002 mid. .02 mid. .2 mfd.
.003 mfd. .03 mfd. .3 mfd.
.004 mfd, .04 mid. .4 mfd.

It is worth while obtaining these with a
reasonable accuracy and most reliable
firms will supply these for a slight extra
charge.

Use Condensers of Reasonably Good
Power Factor.

Condensers possessing a reasonably good
power factor should be used if considerable
accuracy is desired, otherwise poor con-
densers may introduce considerable loss
into the tuned circuit L.C. For general
comparison purposes it is not essential to
use expensive condensers and reasonably
good ones of the non-inductive variety
will be found to suffice.

Method of Adjusting for Test.

Having set up the bridge the first thing
to be done is to see if the zero setting is
in order.

(6)

Fig. 4—Two METHODS OF APPLYING A POLARISING CURRENT TO THE INDUCTANCE UNDER TEST.

Disconnect the test inductance L and
the variable capacity C.

Set the variable resistance, X, to zero
and a balance should now be obtained
since, by construction, the resistances
P, Q, R and N were made equal. For
preliminary tests the voltage across the
bridge points A and B need not be high
—say two to four volts. The maximum
voltage which may be applied to the bridge
will depend upon the safe current carrying
capacity of the components and it should
be borne in mind that, if the resistances
are allowed to warm up, their values will
in all probability change.

Connect across B and D a resistance of
100,000 ohms, and observe the galvano-
meter deflection. If too small increase
the value of the galvanometer shunt or
the volts on the bridge. Next bring the
bridge back to balance by varying X a
few ohms. Then remove the shunt resist-
ance and reset X to zero when the bridge
should again balance. At balance there
should be no galvanometer deflection or,
if phones or an amplifier be used, the
sound should be nil or at a minimum.

To Operate Bridge.

Connect up the variable capacity C and
the test inductance L, and switch on the
A.C. supply to bridge. Vary the capacity
till deflection or sound is at a minimum—
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(Self Capacity)/;

would be equal to
the square root of
314 X L (squared)
+ 7 (squared). If r
is only a very small
proportion of the
value 2z = f L it can
usually be neglected.

An example is
given of an actual

e

———
x |0

(Added Capacity————

LI R B B | =TT

measurement show-
ing how these figures

Fig. 5,—METHOD OF PLOTTING A GRAPH FOR DETERMINING SELF-CAPACITY. al€ obtained.

a perfect zero will #ot be obtained. Then
next vary X until a minimum or perfect
zero is obtained. From the values of the
capacity and X we can now ascertain
the inductance value and the value of the
dynamic resistance Rd and from these
other values may be obtained.

The inductance is equal to L, where L
is given by :—

(1) L= henries (neglecting the self-

—r
47 Cf
capacity Cy) ;
I
B Ol = ey
ing the self capacity).

henries_(includ-

If our supply frequency be 50 cycles,
then L is equal to:—
10.15
C mid.
10.15
C'+ €y mid.

L = henries (1)

or L = ( henries (2)

The dynamic resistance is equal to :—

N2 N 4+ X) (N)

Rd = X +Nohmsorto—~—x~——

If N was made equal to 1,000 ohms, then
Rd = 1,000,000 -+ 1,000 ohms.

X
Since the dynamic resistance Rd is equal

to e where 7 is the effective resist-

ance and since L and C are known 7 can
be calculated. Once this value 7 has been
secured the impedance of the choke or
coil can be calculated for the frequency
at which it was measured and will be
found equal to Z where Z is given by

V(2 = f L) 4+ () which at 50 cycles

Further Variations with the Circuit.

In Fig. 4 two methods are shown for
applying a polarising current to the
inductance under test so that its induct-
ance value may, be read for various values
of D.C. flowing. It will be found
that this is a very important factor,
especially with L.F. intervalve trans-
formers and chokes as, after the polarising
current Teaches a certain value the
inductance value commences to fall with
increased polarising or ‘ magnetising ”’
current.

In Fig. 44, the A.C. is measured
by means of a thermo-couple T and a
meter M, whilst in Fig. 4B the D.C.
is measured by the milliammeter

M/A.
In order to minimise the effect of any
D.C. on the galvanometer suitable

condensers are inserted in series with it.

Ascertaining the Self-capacity.

To do this it is necessary to observe the
change of variable capacity with various
frequencies (keeping the volts on the bridge
constant the whole time), and to plot a
graph as in Fig. 5. The amount of self
capacity is shown as 0 x and is measured
in terms of the same units as the added
capacity.

Effect of Leakage Inductance.

If, say, the primary of a transformer be
connected to the bridge and the inductance
measured (with the secondary open-
circuited) it will be found, when the
secondary is short circuited, that the
balance is upset and if the value of induct-
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a spring and the valve, moving in its seat,
controls the flow of air so as to
maintain a constant pressure on the jet.
The spring pressure is adjusted by a
screw which having once been set at.the
works, requires no further adjustment.
It is therefore locked with a key and a
brass cap is screwed omn.

Extaust
Valve

Stator

Turbine
Wheel

The Alternator.

The turbine wheel is driven at about
8,000 r.p.m. On the same spindle is
carried the alternator rotor, which consists
of an 8-pole cast cobalt magnet held by
copper rivets between two brass plates.
The copper rivets act as *“ damping bars ”’
and prevent the demagnetization of the
magnet, by allowing for the in-
duction of “eddy” current in
themselves by any opposing field.

The rotor runs in the alter-
nator stator which consists of a
laminated ‘“ Stalloy” core having
8 poles carrying the windings.
The laminations are moulded
into a bakelite former so that the
winding can be carried out with-
out further insulation of the slots.
It should be noted that as the

Alternator windings are stationary, there
Rotor are no brushes or rubbing con-
tacts and therefore there is no
risk of a spark occurring. The
Guard
Filter Piston
Lampholder
Contacts
C/?ntact
v Lam, Connection
Reductn
Bul\ , Valve g
Protecting Nozzle
Glass

SECTION OF 60-WATT [.AMP ASSEMBLY,

Note the air-driven turbine and alternator mounted

on a vertical spindle above the lamp.

The air passes from the reducing valve
through the nozzle, which is of rectangular
cross-section, and impinges on the turbine
wheel, carried on a shaft running on two
ball bearings. The wheel consists of a
bakelite moulding with the blades formed
on the periphery.

The Air Turbine.

i The turbine is of the two stage type, the
air traversing the vanes first of all in an
inwards direction, then through a transfer
port and through the vanes in the opposite
direction. This increases the efficiency of
the turbine.

SECTION OF CONNECTION, FILTER AND

REDUCING VALVE, THROUGH WHICH

COMPRESSED AIR Is FED INTO THE
Lawmp.

cutting of the lines of the magnetic field
which is produced by the magnet, by the
conductors, causes an electromotive force
to be induced in the latter.

The Lamp Holder.

The two ends of the winding are con-
nected across the lamp holder contacts
which are carried on a bakelite moulding.
This moulding also houses a flexible walled
chamber, the interior of which is in com-
munication with atmosphere through a
small port to the exterior of the casing.
The top diaphragm carries a silver contact
point and is in electrical connection
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with one end of the stator winding.
This point normally makes contact with
another fixed point carried on an arm
which is connected to the other end of the
winding. When the turbine is stationary,
the alternator is short-circuited.

It is arranged that when air is supplied
to the lamp, there is always a back
pressure of about 2 lb. per square inch
inside the body of the lamp and inside the
protecting glass. This excess of pressure
acts on the flexible diaphragm and causes
the points to separate. The bulb then
lights.

Safety Features.

It will be realised that if the protecting
glass is broken by a piece of coal or if any
attempt is made to remove the glass
(normally this is locked in position by
a special key), the back pressuré vanishes
and the lamp is immediately short
circuited. The back pressure is controlled
by a spring loaded exhaust valve.

There are a number of small holes in
the body castings through which a scaveng-
ing stream of air flows while the lamp is
operating. Any gas which may have
gained access to the lamp while it has been
standing is thus driven out before the lamp
lights up.

An additional feature is a centrifugal
type of governor which prevents the
racing of the turbine in the event of the
bulb burning out. Two brass weights
lined with Ferodo pads fly outwards when
the speed becomes excessive and engage
with a steel drum. The air, before reaching
the exhaust valve, passes through the
governor and keeps this same reasonably
cool.

A stout guward, carrying the locking
screw mentioned above, is provided to
prevent the glass being accidentally broken.

Capacity of the Lamp.

The alternator described above is rated
to give 60 watts at 25 volts and a standard
opal gas-filled bulb of this rating is
used. The candle power is approxi-
mately go. It should be noted that the
actual bayonet holder is of the shock-
absorbing type to ensure long life of
bulbs. The consumption of free air per
minute at 40 lb. per square inch is

approximately 8 cubic feet.
of the lamp complete is 16 1b.

The weight

A Smaller Model.

A smaller model similar in principle to
the above, has a series of holes in the top
casting for the exhaust air, in place of the
exhaust valve. A cowl fixed over these
holes prevents the exhaust air from dis-
turbing any coal dust. The governor is
omitted, sufficient regulation being pro-
vided by the reducing valve.

A sectional photograph of this smaller
lamp is given in Fig. 3. The bulb
employed is of 12 v. 36-watt rating, the
candle power being approximately 50.
The consumption of free air per minute at
40 lb. is 4 cubic feet. A frosted pro-
tecting glass is used with this lamp.

Other Applications.

These lamps have many other applica-
tions, apart from their use in fiery mines.
They can be used with advantage for
providing illumination for tunnelling opera-
tions, for quarry work, in fact in any
location where an air supply is available
and where an electric supply is not at
hand. Also they can be used in any
explosive atmosphere, such as in a petrol
tank, a chemical factory, etc.

SERVICE HINTS.

Since there are over 1,200 lamps of this
type installed in the leading collieries of
Great Britain, the following hints are
given for the benefit of colliery electricians
who may have to instal or service them.

Installation.

When installing a lamp, it should be
borne in mind that a }-in. pipe is ample
for carrying the necessary air. A cock
should be inserted in the pipe for the
purpose of cutting off the air supply when
disconnecting the lamp. The lamp can
be adjusted to any desired position by
slackening the two wing nuts which hold
the lamp rigid with the strap which
carries the hook. It is important to see
that the guard ring which clamps the
protecting glass in position is locked
before the lamp is put into use. A special
key is provided for this purpose.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest. Letters should

be addressed to ““The Practical Electrical Engineer,” 8-11, Southampton

Street, Strand, W.C.2. Envelopes to be marked Problem” in the
top left-hand corner

QUESTION 1.

The sub-station (traction) at which I am

e mployed has two F.T. feeders and three
unterconnectors (ome of these interconmectors
Seeding a static sub-station for office lighting
and power). The accompanying diagram
shows the profection arvangements on each
feeder ; the rveverse velays being of the
B.T.-H. type and the leakage velays are
Metropolitan- Vickers type.  The inter-
connectors are protected by double-pole self-
vesetiing inverse time-lag overload relays
and leakage velays. I wish to know the
voltage of the potential iransformers (vatio
60 : 1), t.¢., across the outer conductors, and
desire to know the formule for determining
this voltage. I should
also like fo know

What is meant, is the direction of flow
of the mean power developed. Under
normal circumstances, the difference in
phase between the voltage and current
may vary between certain limits, depend-
ing upon the power factor of the system
generally. If the phase difference be-
comes 9o degrees, then the power de-
veloped is zero, but if this phase difference
exceeds 9o degrees, then the alternating
current becomes ‘‘ reverse.,” In the case
of an alternator, or feeder from it to a
sub-station, the machine will absorb more
power in a period than it will give out ; the
power being supplied from another ma-
chine which will be connected in parallel
with the system,
and therefore the

6600v 25~

R
something  of  the ‘g

1 Busbars mean power trans-
&

working of the reverse

mitted by the feeder

velays and inierior

will be reversed.

connections.
L A J B. LR Leakage Relay Construction  and
(Tottenham). RR Reverse Relay gction of the
.T.-H.Reverse
ANSWER. IS Links Current Relay.
Reverse current ;1 curent Trans BTH The relay consists
relays are used in of two differentially
A.C. transmission PT fotental o ow £RB wound  solenoids,
systems to prevent Tc TrpCalfor0s with plungers
the flow of areverse s g suteh U £ 5 coupled by a
current in a system balance arm. The
of parallel feeders.  FFPEMMe  oox solenoids act in
125v OC Supply for ERB opposition and tilt
Meaning of a Re- b Cireult the balance arm
verse Current. S towards one coil
Since an alter- RR or the other
nating current according to
reversesits direction ERS whether the main
every half period, e current be normal
the meaning of —Z5v0 from betery ™| in direction or
“reverse current” :ppcray Swowmne Protecrion oy Eaca Ieverse. When

is not too obvious.

FEEDER OF A TWO-FEEDER SUB-STATION.

the main current
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is forward the coils of one solenoid
help each other, whilst those of the other
solenoid are in opposition. When the
current is reverse then the coils of the
solenoid which were assisting each other
are now in opposition, and the coils of the
solenoid which were in opposition are
now assisting each other.

The current coils of the solenoids are
connected in series and energised by the
secondary current of a current trans-
former connected in the feeder which is
to be protected.

The pressure coils of the solenoids are
also connected in series and energised by
the secondary current of a potential
transformer whose primary winding is

connected across the feeder.
'

Trip Contacts
of Relay

Current, Coils
of Solenord
External4, S Pressure Coils
Resistance *EM of Solenoid
i
9 ¥
< irampstormer
Potegtial
Transformer

THE ExTErnAL CONNEcCTIONS OF A B.T.-H.
REVERSE CURRENT RELAY.

To Trip Coil Circuit ) Feeder

) Curgent

=

Complete protection to a three-phase
feeder is given by installing a triple-pole
relay.

When there is a reverse current the
balance arm tilts and, by shortcircuiting
two contacts in the relay, closes the trip
circuit of the oil switch, which now opens
and disconnects the feeder from the system.

The internal -connections of the relay
are given in the above diagram. The
arrows are inserted to indicate the
relative action of currents in the current
and, pressure coils of the solenoid.

Calculating the Secondary Voltage.

If the ratio of the potential transformer
is 60 : 1 and the voltage on the primary
between lines is 6,600, then the voltage

of the secondary between lines will-be
6,600
~ 60
The pressure coils of the solenoids are
wound for 100 to 110 volts, with an external
resistance which absorbs 30 to 40 watts.
The approximate voltage across the
secondary winding of a transformer may al-
ways be obtained by dividing the primary
voltage by the ratio of transformation,
for example :—
Primary voltage, 33,000.
Ratio 30:1. (Step-down transformer).

= 110 Volts

Sec. voltage = 313’—(:)9—0 == 1,I00 volts.
Or :—
Primary voltage, 2,000.
Ratio 1:5. (Step-up transformer.)
2,000
Sec. voltage = I = 10,000 Volts.
5
QUESTION 2.

I would Iike to have some advice on how
to build a fransformer for arc welding, 250
volt, 60 cycle, A.C. I also want wiring
diagrams for A.C. wmotors showing all
connections from line to switchboards, with
all wmeter connections and diagrams of trans-
formers for single 2 and 3 phases.

P. J. K. (South Africa).

QUESTION 3.

I should be very glad if vou could give
me Some information rvegarding an emer-
gency stand-by installation for electric
wmcubators and brooders.

These are at present running on 230 volt
A.C. The consumption is about 7 kw. Is it
possible to obtain an A.C. generator of
this voltage and output?

J. and C. (Heathfield, Sussex).

QUESTION 4.

I wish to change a D.C. molor 2 b.h.p.,
240 7., 1,550 r.p.m. (max.) to A.C. single
phase, without loss of velocity, but am not
sure of method to employ. Can you please
enlighten me ? R. E. S. (Manor Park).

Readers are invited to reply to the
above questions. All replies published will
be paid for at our usual rates, and should
reach us not later than October 2nd, 1933.
Address letters to “The Practical Electrical
Engineer,” 8-11, Southampton Street,
Strand, W.C. 2.



0
ol
b
0
=
0
B
r
m
r
m
0
-4
=
0
>
r
m
<
@
y 4
m
m
)

Recent Prog
/he PRACTICAL
o)

ress in Television

ENGI 1' LR

A MONTHLY MAGAZINE (‘F ELECTRICAL PROGRESS

[ FLOODLIGHTING |
INSTALLATIONS |

gmism;gs
EQUIPMENT

. THE EDISON SWAN ELEG‘I‘BIG‘ Co.
165, CHARING CROSS ROAD, LONDON,

‘ i

GEORGE NEWNES LTD.



7

W

%

_
.

4
0.
7
%
A4
W

.
W
/////?é

7%
=

A\

Y
A
Y .
"
o
W
H
//////

’///////
W
7

W
Y

o
&

y
i

4

Ty,

W,

__

AN

N\

7

A MONTHLY SURVEY
OF MODERN PRACTICE IN ELECTRICAL ENGINEERING

W,
%
) |

Z
1
4 %

N N

%

Y

///

a

V2

Y

_

N\

N

VoL. 11

OCTOBER, 1933

No. 14

Published by GEORGE NEWNES, Lid.,
8-11, Southampron Street, Strand, London, W.C. 2.

Telephone— Temple Bar 7760
Telegrams—*° Newnes, Rand, London”’

Price =~ 1/~ Monthly

Yearly Subscription, 14/~ Post Free

6 monthy’ Subscription, 7/~ 53

Registered for Transmission by Canadian Magazine Post
Canadian Rate: Yearly Subscription, 13/6 Post Free
6 months’ Subscription 6/9 5,5,

Broadcast Reception of the Future.

Whilst the private receiving set will always
remain popular amongst many classes of
listeners, there are a large number of people
who undoubtedly will wish to avail them-
selves of the relay radio system. Refer-
ence to this has already been made in these
columns. There is reason to believe that the
system of receiving programmes at a central
receiving station and distributing the pro-
gramme to private subscribers will be con-
siderably extended during the next few years.
A further article which appears in the present
issue is worthy of careful study, as it contains
practical details of such a system which has
given every satisfaction in actual practice.
Sound Amplifying Equipment.

Sound amplifying equipment for use in
connection with open air gatherings or in
lecture and concert halls is another develop-
ment of light current engineering which has
considerable possibilities in the future. We
have been fortunate in obtaining from one
of the engineers of the B.T.H. Company a
fine practical article which tells exactly how
to install such an equipment. Whilst most
readers are no doubt familiar with the broad
principles involved—in practice it is the
little refinements which make all the differ-
ence between good and bad reproduction.
A sound amplifying equipment which has
not been installed with these refinements
will give results which leave a great deal to be
desired. That there is need for the dissemi-
nation of knowledge of this kind cannot be
doubted by anyone who has attended at
gatherings where sound amplifying equip-
ment has been in use.

A Fine Engineering Achievement.

A few days ago the last tower of the trans-
mission system projected under the Grid
Scheme was completed. The general public
quite naturally assume that the main object
of the Grid is eventually to provide cheaper
electricity. Engineers still say that this is
not so. Is it not time that engineers as a
whole got more in touch with the viewpoint
of the man in the street ? -From now on-
wards the prosperity of the electrical in-
dustry will depend very largely upon the
man in the street. Surely if the Grid is to
justify its existence the net result must in
the end be translated into terms of £ s. d.
for the actual consumer. Unless electricity
can be sold at a price which will enable it to
compete with other sources of light and
power, it will never be universally adopted.
To secure a wide and rapid adoption of
electricity in undeveloped districts we sug-
gest that the price must be from £d. to 1d.
per unit. This is not an economic figure at
present for many undertakings, because there
are not enough units sold to cover the pro-
duction costs and capital charges. Unless
the price which the consumer has to pay is
an economic price so far as he ts concerned,
no amount of advertising will be effective in
securing the rapid extension which has now
become of vital importance to the Industry
as a whole.

Earthing Regulations.

Mr. Winton Thorpe continues hisinteresting
series of articles commenting on the regu-
lations for the electrical equipment of

buildings. We find that many readers are
E
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intrigued by the way in which he goes straight
to the heart of the subject and also by the
pictorial illustrations which he employs to
emphasise important points.

Voltage Regulation.

During the past few years the question of
voltage regulation has become increasingly
important. Mr. Brittain in an article be-
ginning on page 57 outlines the systems
employed, viz., tap changing, the induction
regulator, and the single and multi stage
booster.

Television.

It would be interesting to know how many
people to-day are in a position to receive the
television broadcasts of the B.B.C. Pre-
sumably the number is small compared with
the total number of licence-holders. There is
no doubt, however, that these television
broadcasts have stimulated manufacturers
to develop television beyond the laboratory
stage, and we have reason to believe that
television receivers employing cathode-ray
tubes will be placed on the market in the
near future. The article beginning on page 49,
written by an author in close touch with
developments on the manufacturing side, is
worthy of close study.

Lamp Prices.

Readers of the Magazine will remember
that in our issues of March and April we dealt
with the question of the lamp manufacturers
and ring prices. It will be extremely in-
teresting to see the result of the new policy
adopted by the Crompton-Parkinson Kye
Sales Organisation. 4o-watt and 6o-watt
British-made lamps are now available at the
retail price of 1s. each. Judging from the
response to their sales campaign, this price
reduction is likely to prove highly beneficial
to the instigators. If this substantial re-
duction in price leads to greatly increased
use of electric lamps, the change will un-
doubtedly be for the good of the Electrical
Industry as well as for the good of the
Crompton-Parkinson Kye combine. This in-
crease may come about in two ways :—

(@) People may renew lamps more fre-
quently than formerly, or

{b) The lower cost of lamps may induce
people to adopt electric lighting who would
otherwise have refrained from doing so.

Gaseous Discharge Tubes.

‘Whilst there have been rumours that the
lower price of electric lamps may lead to a
price war, we believe that it is equally pro-
bable that this price reduction will help to
speed up the development of gaseous tube

lamps which will undoubtedly provide the
lighting of the future, and which will, there-
fore, ultimately displace metallic filament
lamps whether of the gas filled or vacuum
types. Let us hope that the first gaseous
discharge lamp suitable for domestic use is
developed in this country.

An Engineer's Solution to the Economic
Problem.

Departing from our usual custom, we
give on page 60 a brief review of Mr. A. P.
Young’s book *“Forward irom Chaos.”
We believe this book will interest many
readers of the Magazine who, we know
from our correspondence, are of the thought-
ful and yet practical turn of mind. Mr.
Young combines a certain amount of
philosophy with many practical suggestions.

Sir Ambrose Fleming.

The recent news of the marriage of Sir
Ambrose Fleming created great interest in
electrical circles.

It is no exaggeration to say that were it
not for the early researches of Sir Ambrose,
which led to the discovery of the Fleming
valve, present-day broadcast reception would
be nomn-existent. This is a very striking
example of the way in which the laboratory
research of to-day may be the foundation of
important industries of to-morrow.

We learn with interest that Sir Ambrose is
supervising the preparation of a comprehen-
sive work of reference entitled Principles of
Electrical Engineeving, which is to be issued
very shortly in about 32 weekly parts. This
work, we understand, deals with every aspect
of electrical engineering, and the first part—
which is appearing on October 4th—contains
a unique series of photographs illustrating
by laboratory experiments the development
of gaseous discharge tubes, cathode ray
tubes, and X-ray tubes.

Electrical Engineering Up to Date.

Hitherto in the average technical college
course in electrical engineering very little
attention is devoted to the study of electric
discharges through rarefied gases. With the
advent of neon tube lighting, the sodium
lamp, the Osira lamp, the Mercra lamp,
and the extended popularity of the cathode
ray oscillograph, the study of gaseous tube
discharges has acquired great importance.
Until recently this subject has been left
almost entirely to the scientific worker. We
believe that in the near future every student
of electrical engineering will be expected to
acquire a fair knowledge of the elementary
principles of this branch of the subject.
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the anode circuit of thereceiver valve varies,
therefore, with the strength of the signals
from the photo cell at the transmitter.

Referring to Fig. 6, the curved strips
A, B, C, D, etc.,, we can, as far as the
radio transmitter and receiver signals
are concerned, put all these strip signals
in a line one after the other and interpret
them in terms of neon glow at the receiver.
(See Fig. 8))

Connection of the Neon Tube with the
Scanner Disc.

The receiving disc scans the glowing
plate of the neon tube exactly as the trans-
mitter disc scans the subject, the glow of the
neon varying exactly as the light reflected
off the subject is picked up by the trans-
mitter photo cell.

The Importance of Synchronisation.

It is, of course, absolutely essential
that the receiving disc should revolve at
exactly the same speed as the transmitter,
and elaborate precautions have been taken
by various investigators to ensure this.
But the synchronisation of a vision
receiver is still a matter of very great diffi-
culty and it is not easy to keep the picture
steady even at the present stage of the art,

How a Receiver is Synchronised.

The method employed is to adjust the
speed of revolution of the receiving disc and
therefore its position once every sweep of a
scanning hole, that is to say, once every
time a line of the picture has been com-
pletely swept over by a scanning hole.

Reference to Fig. g9 shows that the out-
put of the wireless receiver passes through
the neon tube normally to high tension
positive, and that if no signal is being
received from the photo electric cell at
the transmitter no signal will pass through
the neon tube at the output stage of the
Teceiver, or at any rate, only a signal
below a certain value, and there will be
little or no glow.

The Scanning Mask.

It is arranged at the transmitter that
as each scanning hole begins to scan its
allotted strip of the subject it passes a
mask or dark portion—that is to say, there
is an instant 30 times per picture scanned

when no signal is passed. (See Fig. 6.)
If the picture were being scanned only once
every second, there would be a condition of
the output valve of the receiver every
3o of a second when no current was
flowing, and that condition would occur
as each scanning hole starts to sweep
downwards from the top of the picture.
Actuallyon the Baird system asat present
broadcast in order to get a moving picture,
the subject is scanned completely 12}
times per second, so that the number of
strips actually transmitted is 121 X 30 or
375 strips per second. The synchronising
impulse, therefore, will occur at that speed,
and it can be heard quite clearly as a 375-
cycle note if the transmission is listened to
through an ordinary sound radio receiver.
In Fig. 8, the points “X,” “Y,” “Z”
and “W?” are the “no signal” impulses
caused by the mark shown in Fig. 6.

How the ‘‘ No Impulse ’ Points are Used
to Synchronise.

Fig. 7 shows that two magnets are
connected in series with the H.T.4 and
neon tube of the output valve ; between
these magnets revolves a cogged wheel
Each time a scanning spot passes the mask
at the transmitter the anode current of the
output valve of the receiver will drop,
and there will be little or no current
flowing through the magnets.

It must be understood that the magnets
shown in Fig. 8 are not actually driving
the motor, and that if no current is flowing
through the magnets in the anode circuit
of the output valve they will have no effect
whatever on the teeth of the cogged wheel
which is attached to the receiver disc driven
motor shaft. If, on the other hand, they
become magnetised as a tooth is approach-
ing the magnet they will draw that tooth
towards the magnet and hasten the speed
of the cogged wheel. If an impulse
passing through the magnet occurs just
as one tooth is opposite to it, it will tend
to try to keep the tooth of the cogged wheel
in position against the magnet and give a
braking action ; in the same way, if a
tooth has gone too far past the magnet and
the impulse comes on from the transmitter
it will tend to pull the tooth back, and
again exercise a retarding force on the
motor, tending to slow it up.
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high-speed scanning still exist in the
mirror drum transmitter, but the greater
intensity of light offered is an enormous
improvement over the disc receiver,
although it should be remembered that
however good is the illumination, if the
picture detail is no better, still further
advance remains to be made in that
respect.

The mirror-drum receiver has an added
feature which still further improves the
lighting in that, so far as the latest Baird
receiver is concerned (marketed by the
Bush Radio Company), no attempt is made
actually to modulate or flicker the light
itself. Theintensity of the light is varied by
passing it through a special light cell which
modulates the amount of light passing
through it, due to the action of the
electrical impulses received from the trans-
mitter photo cells.

This means that a comparatively power-
ful constant source of light can be used
for the receiver, which makes it possible
actually to project the image on to quite
a large screen.

THE SCOPHONY SYSTEM.

This method makes use of the optical
peculiarities of cylindrical lenses.

As we have seen, with both the mirror
drum and the disc method of scanning,
the subject is mechanically divided up
into strips by the action either of a series
of holes in different positions on the
scanning disc or by a series of mirrors
each differently tilted on the circumference
of a mirror drum. The Scophony system
uses only one scanning slit and arranges
the strips of the picture in practically
a continuous length. The method is
based on the fact that a cylindrical lens
will, through one axis, take any object
and spread it out sideways into a strip.

A series of cylindrical lenses are all
mounted together in echelon, so that the
image is split up into a series of strips,
each one below the other handled by this
bank of cylindrical lenses.

The Scophony Lamp.

The projection lamp which is being used
by the Scophony concern is also of great

interest since it has a very high illumina-
tion efficiency for a given electrical input,
and is of the sodium type. Examples of
this lamp used as a street lighting element
can be seen outside Croydon Aerodrome
by anyone driving up Purley Way, and it
represents the very latest in illumination
efficiency.

THE CATHODE RAY SYSTEM.

The advantages of the Cathode Ray
receiver depend upon the fact that its
moving part is not a mechanical mass but
a stream of electrons, having no mechanical
weight or inertia which is absolutely
instantaneous in action, being controlled
by fluctuations of current which deflect
the spot of light either sideways or upwards
or downwards in a scanning motion.

How the Ray is Produced.

The Cathode tube produces electrons
from a heated filament or cathode much
as an ordinary valve, but they are confined
electrically and mechanically in a shield
from which they are shot out in a high
speed concentrated stream.

How the Electrons are Shot from the
“Gun.”” (See Figs. 14 and 15.)

The screen arrangement is known as
the Electron “ Gun,” and the method
employed to shoot the electrons is much
similar to that used in the German light-
spray lamp. In both cases the electrons are
confined in a screen, but attracted out
through a hole by a positively charged
anode which, however, has a hole in it.

The electrons rush out, but in their
hurry shoot through the hole in the anode
and pass on, in the case of the light-spray
lamp, as a fiery glowing flame, and in the
case of the cathode ray tube to strike
the screen at the end of the tube.

Such a stream of electrons can be bent
or deflected in two ways, either by plac-
ing charged plates near them, or magnetic
coils. The television cathode ray tube
has two sets of such plates or coils, one
pair to move the ray up and down and the
other pair to move it sideways. By
combining and adjusting the relative
potentials in the case of the plates, or
currents in the case of the coils, the ray
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second. The time, therefore, during which
the spot light falls on one photo cell under
the present systems for any given one
instant, can only be one-millionth of a
second.

How the Iconoscope Works.

In the ““electric eye” the picture is
presented to a surface which has a large
number of photo electric elements which
all continue to discharge electrons during
the whole time that the image is presented
to them.

These small specks of photo electric
material are mounted on an insulating
material which is backed by metal, so
that in effect they each constitute a small
condenser.

A Series of Small Condensers.

The sheet of insulating material being
a common di-electric, the metal backing
constituting a common pole and the specks
of photo electric material forming small
separate condenser poles.

The plate of the Iconoscope is, therefore,
a mass of small condensers. The intensity
of the light will, since they are all exposed
for the same period, determine the charge
of each little condenser which will varv for
a light or dark portion of the picture.

Since the action of light is to cause
electrons to leave the photo electric surface
they will become positively or less nega-
tively charged with relation to the common
pole.

The effect, therefore, at any picture
instant is a multitude of small condensers,
each holding a different charge determined
by the light or shade of the picture.

How the Condensers are Discharged.

The impact of a cathode ray scanning
the plate in zigzag fashion is employed
to discharge each small condenser in turn
once every zoth of a second.

The control of the cathode ray is similar
to the usual method of scanning a cathode
ray receiver screen, except that in the case
of the Iconoscope the ray scans with a
zigzag motion the plate on which the
image is projected.

Actually, the tube has been mounted
in a box not unlike a camera, which can
be fixed or moved about with the same

facility and which can take full advantage
of the fine optical properties of the modern
photographic lens, as the multiple cell
plate is as receptive of an image as a
photographic plate on which the image
1s focused in exactly the same way.

The perfection of the Iconoscope is of
first-class importance, even at its present
stage of development, and while it is hailed
rightly as the most important develop-
ment in television it is curious to reflect
that the multiple cell idea is 30 or 40 vears
old, which has been developed into a
revolutionary new device by an invention
very nearly as old as itself—the cathode
ray.

Short Waves for Television.

One of the chief reasons why only 30 line
images are being broadcast at present is
that if a greater number of lines is
attempted, serious interference would be
caused on neighbouring programmes on
the medium wave band. For this reason,
the Baird Company, the Marconi Com-
pany, “ His Master's Voice,” and the
B.B.C. are all doing experimental work;
some is already advanced, on very much
lower wave lengths of the order of 7 and 5
metres. On such wave lengths it is quite
possible to use verv high scanning speeds
with an ultimate picture of far greater
detail with enormously enhanced enter-
tainment value.

The Optical Limitations of Short Waves.

Short waves have, however, peculiarities
which in some measure counteract their
advantages. Their reliable range is not
known entirely at the present time beyvond
the fact that it is known to be far shorter
than that of medium waves, and a great
deal of work remains to be done, since the
properties of these waves have something
of an optical nature.

A short wave transmitter will probably
have to be put in an optical line with
those who wish to receive the transmission ;
that is to say, on some eminence high above
a town.

There also seems to be a definite limit
to the range, whatever the power is ; that
limit may be for practical broadcasting
purposes within 15 miles unless high
altitude stations are used.
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VOLTAGE REGULATION IN TRANSMISSION
AND DISTRIBUTION

By J. V. Brirrain, B.Sc(Eng.), AM.I.Mech.E., AM.LEE.

In the following article Mr. §. V. Brittain deals with the various methods
used to regulate voltage drop in transmission and distribution lines

NE of the problems which the
electrical engineer has had to
solve during the last few years has
been that of counteracting voltage-drop
or voltage regulation on both transmission
lines and distribution schemes. The
necessity of counteracting the fall in
voltage may be due to several reasons, the
main ones being unforeseen overloads and

can be allowed. Readers will be aware
that a supply authority is bound to keep
its voltage within certain limits and
arrangements must always be made to see
that the variation in voltage is within the
allowable range. Normally this allowance
is -+ or — 4 per cent. so that on 230 volts
the pressure must be kept between 239
and 221 volts. This will seem quite a

the long dis-
ta n ces o .\ er SenvoING END DELIVERY END
which electrical
energy is now
transmitted. . sion L
] S ransmission_Line
Itisnot always TTET 126,000 Volts 20000 Volts L
- olts from QS e 6000 Vo/ts

a m?ltter of in Generating Stn 8000 Volts D to Load
stalling cables or D orts Lrop——>
overhead lines of Tapprgs, Tapomngs
sufficient cap- Step-up Transformer Step-down Transformer

acity, as in many
cases it is neces-
sary to provide
a more or less
constant delivery
voltage on a fluctuating load and the
cables would have to be of unreasonable
size to give the negligible variation
required. Again with overhead lines there
is a volt drop due to reactance and
increasing the size of the conductors does
not affect this to any extent.

Supply Authority Must Keep its Voltage
Within Certain Limits.

Another cause of the difficulty is when
the load at a particular point increases
far more rapidly than was at first anti-
cipated, and unless some steps are taken
to counteract the large volt drop caused
by this overloading the voltage at the
consumer’s terminals will be lower than

Fig. 1.—How VoLT-DROP 15 OVERCOME oN HicH TENSION TRANSMISSION

LINEs.

The system 1s shown as single-phase for simplicity.

large margin, but particularly in rural
districts where consumers are large dis-
tances apart, this margin is easily exceeded,
and on that account a larger variation is
allowed in certain cases.

Bulk Supply at High Voltage.

For bulk supply at high voltage the
allowance is 12} per cent., but this fall in
pressure has got to be remedied at some
stage or other. With the ““ Grid ”’ scheme
the transmission lines are used to connect
up two or more generating stations,
working at the same voltage in many
cases, and as the power must be able to
flow in either direction at will it is evident
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actual voltage output of the
Teomsmission Line secondary winding will vary ac-
o R gooo | cording to the position of the tap-
Supply Volts Volts

Transtormer Tnduction

Regulator
2250 Volts

~—800 Vo/ts Drop

ping on the primary. The effect of
altering this position is to alter the
ratio of the transformer, and thus
the input voltage to the trans-

Fig. 2—D1AGRAM SHOWING THE USE OF AN INDUCTION

REGULATOR.

that any fall in voltage must be dealt with
by some means or other.

Methods Used to Deal with Fall in Voltage.

In this article a rough outline of the
various methods used will be given and
imaginary voltage values will be taken
to illustrate how the voltage variation is
remedied. The diagrams are drawn
as for single phase but in all cases to-day
three-phase is wused. Single phase
diagrams are however easier to follow
and are used on that account.

HIGH-VOLTAGE TRANSMISSION.

Taking the “ Grid” scheme as an
example, the control of voltage is generally
by means of tapped transformers as shown
in Fig.1. It will be seen that the pressure
at the generating station bus-bars is kept
constant at, say, 6,000 volts and this
6,000 volts is connected to the primary of
the step-up transformer. The secondary
of this transformer gives a normal pressure
of 120,000 volts, but instead of this being
fixed it is variable by means of the tap-
pings on the primary winding as shown.

Effect of Altering the Position of the
Tapping On the Primary.

Thus while the supply to the primary is

constant at the 6,000 volts mentioned, the

mission line can be increased
to counteract the drop in volt-
age from one end to the other.

Voltage Correction At Sending End.

Taking the values given in Fig. 1, it is
assumed that at the delivery end the
transformer tappings are set so that the
high-tension line should deliver 120,000
volts to the step-down transformer, in
which case the voltage actually delivered
to the receiving station bus-bars will be
correct (in this case it is assumed to be
6,000 volts as in the sending station, but
this is not necessarily so).

If now the voltage drop on the line for
the load which is being transmitted is
8,000 volts then the input to the line
must be 128,000 volts and this is obtained
—as nearly as possible—by means of the
setting on the sending transformer.

Voltage Correction At Delivery End.

Alternatively the necessary voltage cor-
rection can be made at the delivery end,
and in this case the input to the receiving
transformer: i.e., the voltage delivered by
the transmission line can be assumed to be
112,000 volts. The tapping on this trans-
former will have to be such that the output
on the low tension side will be 6,000 volts
with 112,000 volts input instead of the
120,000 volts in the former case.

Tapping Positions Can Be Either Auto-
matically or Manually Controlled.
The control of the tapping positions can

Output T v
£ ~

Input Input

VE

Output Output

J/

Input

Fig 3~—THREE PosITIONS OF THE INDUCTION REGULATOR

A, Position of regulator for maximum positive
boost of regulator; OV = outgoing volts
(half load) Outgoing volts = incoming volts.
boost (no load)

boost (full load) OFE = incoming volts; EV =

B, midway position of regulator giving zero boost

C, Position ot regulator for maximum negative
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be either automatic or manually

operated but this is one of the 694 504 304 Bopster Z4
cases where automatic control is Qm (I)za 70

very satisfactory, and it can be i ;:""Z — i i
arranged to give a constant I seroutar agps

voltage at any specified point
irrespective of the load which is
being transmitted.

MEDIUM-VOLTAGE TRANSMIS-

22 V.

SION.

For lower voltage transmit-
ting less power the same method
can be used, except that in this
case it is not usual to require the
power to be sent in both
directions at will, and thus only
one tapped transformer is required.

Using the Induction Regulator.

This, however, is an example where the
induction regulator can be used to ad-
vantage and this is shown in Fig. 2.
The induction regulator consists of a
transformer in which one of the windings
is movable. The effect of this is not only
to make the step-up in voltage (or boost
as it is called) variable but to make it
either positive or negative.

Three Positions of the Regulator.

This will be seen from Fig. 3, which gives
three positions. In position (a) the
regulator will give the maximum boost
and will thus step up the voltage to
counteract the volt drop on maximum
load. In position (b) the movable winding
is in a neutral position and the regulator
will have no effect whatever. This should
be arranged to occur when the load is
about half the maximum. For no load
(in which case there will be no appreciable
volt drop), the movable winding will have
been moved right round and will be in
opposition so that it will be subtracted
from the incoming voltage. The voltage
diagrams are shown for each position,

Fig 4 —Di1agraM SHOWING How A BoosTER 1s USED
TO MAINTAIN VOLTAGE AT THE EXD OF A DISTRIBUTOR
Voltage diagram gives hypothetical full-load values.
OE = mnput voltage to booster ;
output voltage from booster

EV = boost; OV =

these also being drawn for single phase to
make the action clearer.

A Numerical Example.

As a numerical example, assume that
the voltage at the delivery end of the line
is required to be kept constant at 6,000
volts and that the volt drop on full load
will be 500 volts. In a case like this the
transformer at the sending end would be
arranged to deliver 6,250 volts to the
line. This is the delivery voltage plus
half the voltage drop.

On no load the induction regulator
would be in the negative position to deduct
the extra 250 volts given by the sending
transformer, whereas on full load it would
be in the positive position to add another
250 volts, so that 6,500-500 will give the
delivery voltage required.

LOW-TENSION DISTRIBUTION.
Boosters.

Voltage troubles with distribution lines
occur mainly in rural areas as mentioned,
and various types of boosters have been
devised to counteract excessive volt drop.
The principle of the booster is shown in
Fig. 4, the appropriate voltage diagram
being drawn to indicate how the voltage
is boosted up.

PoSITION T Posrrion 2.

Qutput Output [ Quitput
3 3 3
Input 2 Input 5 Input 2
- 7 7 7

The action is
similar to the
induction regu-
lator, except
that the amount
of added voltage

PosiTion 3.

Fig. 5 —SIMPLIFIED DIAGRAM OF 3-STAGE BOOSTER.

is not wvariable,
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and the voltage is given a fixed positive
boost.

This method of voltage control is useful
at the end of an overloaded line which is
supplied from the common low-tension
feeders, and in which case the pressure at
the end of the long line would be excep-
tionally low when on load. When there
was no load the pressure on the delivery
side of the booster would be high, but this
is a lesser evil than the low voltage which
would otherwise prevail on load.

Two or Three Stage Booster.

A development of the fixed booster is
the two or three-stage booster which
works automatically as the load comes on.
A diagram of this is given in Fig. 5,
which shows the windings in a simplified
form. On no load the booster will be
out of action and the line will be connected

direct by means of contact No. 1. As
the load comes on the voltage drop on the
line will be counteracted by switching over
to contact No. 2, and the voltage will be
boosted by an amount equal to half the
maximum boost. When approaching full
load, the line will be switched over to
contact No. 3, when the total boost will
be applied.

How This Type of Booster is Controlled.

The control in a booster of this type is
usually by means of contactors operated
by means of current relays. Assuming the
booster to be in position 1, as soon as
the current reaches a certain value the
relay causes contactor No. 2 to close and
No. 1 to open. On the current increasing
still further, contactor No. 3 is connected
instead of No. 2, and should the current
fall, the reverse actions take place.

AN ENGINEER’S SOLUTION TO THE
ECONOMIC PROBLEM

H

In his book “ Forward from Chaos’
(Nisbet, 6s.), Mr. A. P. Young, O.B.E,,
MIE.E.,, M.I.LALE., deals with the acute
and puzzling world problem presented by
the coexistence of highly developed pro-
ductive machinery, abundant foodstuffs
and raw materials and millions of un-
employed. He approaches the problem
as an engineer—which is, most of us will
feel, a more useful angle than that of the
economists, whose opposing counsels seem
to cancel out to zero. After analysing in
detail the functions of production, manage-
ment and distribution, he outlines, on the
principle that we must organise for service
in place of profit, a scheme of planning for
industrial service.

“ Democracy,” he declares, *“ can only
survive within a system of planned national
effort which, while in no way impeding the
full development of individual initiative
and freedom of thought and conscience,
yet exerts a higher control, constraining
the united team effort of the nation to
produce a world-wide human service.”

The machinery proposed is a National
Planning Control Board which “ would
virtuallv co-ordinate and control the whole

industrial activity of the country, in
respect of both production and distribu-
tion.” The methods by which such a
board might operate are clearly set forth,
specific illustrations being drawn from the
electrical industry. The importance of
international planning is also emphasised,
the creation—as ‘‘ a wonderful beginning ”
—of a British Empire Planning Control-
Board being urged to provide * the
supreme industrial authority within the
Empire for solving those basic and common
problems in accordance with scientific and
ethical principles.”

To those who feel that he is indulging
in an idealistic and impracticable vision,
Mr. Young replies that *‘ the vision of the
idealist of yesterday has frequently been
made a reality by the practical man of
affairs in a not too distant to-morrow.”
He also emphasises the responsibility that
falls upon each and all of us to study this
world problem for ourselves and to play
our part in evolving a solution. Towards
this end there could be no better aid than
this thoughtful and stimulating work.

A G W,
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THE INSTALLATION OF SOUND

AMPLIFYING EQUIPMENT

The following article deals with the installation of sound amplifying
equipment sustable for reproduction either from microphone or
gramophone records in a large hall or in the open air. The
equipment described will give an undistorted output of 10 watts

OR the sake of simplicity,
F proposed in this article to deal

with the permanent installation of
an equipment designed for an undistorted
output of Io watts, suitable for an A.C.
supply of 200 to 250 volts, 50 cycles, and
for reproduction from microphone or
from gramophone records. Such an equip-
ment would be suitable for use in a hall
with a capacity of up to 100,000 cub. ft,,
or for use in the open air for a gathering
of 2,000 to 3,000 people.

The Equipment.
The equip-
ment consists of
the following
components :—
(@) A 10-watt
amplifier, com-
plete with the
following
valves : two
Type AC/HL,
one Type AC/P,
two Type
PPs5/400, one
Type UvU
120/500.

(b) Two 8-in.
R.K. wound
field loud-
speakers, each
complete with
rectifier for
loud - speaker
field.

{¢) Single or
double  turn-
table cabinet
with tone-arms
and 0.05-volt
pick-ups.

Two RK Loupspearer UNiTS

it is

(dy B.T.H. and
battery.

(¢) Microphone control box.

(f) Suitable baffles or cabinets for the
loud-speakers.

A complete wiring diagram for the
sound amplifying equipment to be de-
scribed is given below.

The wiring for a permanent installation
of this nature should always be contained
in an earthed metal sheath electrically
continuous throughout, such as screwed
conduit or lead-
covered cable.

carbon microphone

WITH METAL RECTIFIERS

¢ Main  Switch,
Fuse Board,
ete.

It is desirable

3/ 036 CABLE G—p—— AcCorRDING TO

CABLE St12€

to have the
main  switch,

LENGTH OF RUN

distribution

away 15 ave  CoEFE-IITY “_;—H—----Hq fuse.board,
RPN AR !1 ; 1 amplifier and
[t IS Sy VA4 Form DB |
5 AP DP HO e S - |lvo WATT AMPLIFIER ! tu rn table
PATTERN SwiTch LY )] v _: cabinet all
Ac 5mu£ ! Rl ____‘_'H“‘ 4_‘ located at one
crse 1| point. The
MicROPHONE electricity
ConTROL Boxﬂ Supply ShOUld
[:———-— conrror Box

[ l“'w 4|_i il terminate in a

! —— | doubl le 1
| _SinaLe ) 1 ouble-pole 15-
| TURNTABLE | ! amp. Home

1 CABINET 1 = _

] | Office pattern
________ main  switch

Fig. 1.—D1AGrAM oF CoNNECTIONS FOR B.T.H. 10-WarT
SOoUND AMPLIFYING EQUIPMENT.
Suitable for reproduction from microphone or from

gramophone records.

CARBON
MICROPHONE

controlling a
four-way

double- pole 15-
amp. Home
Office pattern

fuse box. There
should also be
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Volyme,

volfage Control

To Mains 4
Supply

A \y
To Loud Speakers  Earth Termina/

Fig. 6 —HERE WE SEE THE ExTERNAL CoNNECTIONS UsED WHEN THE
AMPLIFIER IS IN OPERATION.

phones need not necessarily have an earthed
screen, but this depends rather on the
length of the flexible lead and its proximity
to sources of electrical interference.

Connections to Microphone Control Box.

The microphone control box and micro-
phone battery should preferably be located
near the amplifier so that all the controls
are within reach of the operator. There
are five terminals on the control box
terminal board : Nos. 1 and 2 should be
connected to the microphone, Nos. 2 and. 3
to the microphone polarising battery, and
Nos. 4 and 5 to the amplifier microphone
terminals.

Control Box Should be Earthed.

The microphone control box case should
be efficiently connected to earth; the
leads between the control box and ampli-
fier are in a very sensitive portion of the
input circuit, so that special care should
be taken with the screening and, clearance
from sources of electrical interference in
order to ensure silent operating conditions.

Loud-speakers.

The choice of loud-speakers and their
location will, of course, vary with every
installation. —There are available the
following types of loud-speaker baffles :—

(@) Fumed oak cabinet with ornamental
grill, which is suitable for interior work.
The cabinet has a high-class finish which
presents a pleasing appearance and will

harmonise with
most decorative
schemes. It may
be used in all
cases for repro-
duction from
gramophone
records or radio,
and for repro-
duction from
microphones
when the micro-
phone is placed
at a sufficient
distance from the
loud-speakers to

N
X~ NoTE:-Shielded Jeads

must be used on
Q. 7hese connéctions

Gramophone Prick-uo

prevent  sound
coupling.
(6) An  18-in.

directional baffle, complete with f{felt-
lined loud-speaker box as illustrated
in Fig. 4. These are particularly
suitable for out-of-door installations where
it is necessary to protect the loud-speaker
unit from the weather, and where a direc-
tional effect is required. A baffle of
this type is also necessary with installa-
tions for the reproduction of speech
from microphones, if the enclosure is
at all reverberant. The directional
effect of the baffle makes it possible to
focus the sound on to the area to be
served and mitigate the detrimental
effects of the enclosure reverberation.

When a microphone is to be placed in
the same enclosure as a loud-speaker, it
is necessary to arrange the relative position
of the microphone and loud-speakers so
that no sound from the loud-speaker
strikes the microphone diaphragm, or
sound coupling will result.

(v A 52-in. exponential loud-speaker
horn, complete with felt-lined sound, box,
as shown in Fig. 5. This type of loud-
speaker horn is suitable for use in large
halls, theatres, amusement parks or any
enclosure where large volume is required
to overcome high initial noises.

Tests.

It is advisable to install loud-speakers
temporarily and conduct a few tests in
order to determine the position which
will give the best results, as a slight change
in the position of a loud-speaker will
sometimes make a big improvement,
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PRACTICAL NOTESf ON REGULATIONS FOR
THE ELECTRICAL EQUIPMENT OF BUILDINGS
(ILEE, WIRING RULES)

By D. Wintox Tuorere, A.M.I.E.E.
EARTHING AND FITTING OF DOMESTIC APPLIANCES

HE whole question of earthing is
subject to more ignorant and
careless handling than is probably

any other which arises in wiring installa-
tions. It must be remembered that if
we subscribe to the principle of earthing
—and if we follow these Regulations we
must subscribe to it—then the job must
be properly done, and earthing leads
must not be treated merely as a little bit
of embellishment stuck on at the end of
an installation. An earthing lead may
have current to carry, and it may have a
substantial amount of current to carry ;
that is why it is there.

Now if a conductor is expected to
carry current it must be of dimensions
large enough to carry the anticipated
current and, more important still, its
connections at either end, on the one hand
to the sheathing of the system and, on
the other, to the point of earthing, whether
it be to a water pipe or an earth plate,
must be thoroughly well made.

Earthing Leads.

Regulation 102 states :—

A. Every conductor used as an earthing
lead shall be of high conductivity copper, and
shall be protected against mechanical injury,
and where necessary, against corrosion. Iis
sectional area shall not be less than one-half
that of the largest of the conductors fo be
protected, provided that —

(a) No conductor larger than 0.1 sq. in.
sectional area need be used ;

(b) For the main connection of the
installation to the earthing system no
conductor smaller than 0.0045 sq. in.
sectional area (7/.029) shall be used.

(c) In the case of flexible cords of
0.0048 sq. in. sectional arvea and smaller,

the sectional area of the earthing lead

shall be equal to that of the live conductors.

B. AU connections of the earthing lead to
the installation and to the earthing system
itself shall be easily accessible.

C. If more than one plate or tubular
earth be employed for one earthing system,
they shall be efficiently and permanently
connected fogether.

D. Wherever an earthing lead 1s connected
to a pipe, conduit, cable, sheath, armour or
other cylindrical earth, a substaniial metal
clip shall be used and the contact surfaces
shall be clean. For armoured cables such
clips shall be so designed as to grip firmly
the whole of the wives of the armouring with-
out damage to the insulation. For lead-
sheathed armoured cables the principal con-
tact shall be with the lead, but the clip shall
be so designed as also to grip the armouring
JSirmly without damage to the lead.

E. The ends of all earthing leads having
a sectional area of 0.007 sq. in. (7/.036 in.)
and above shall be provided with a soldering
socket, preferably conforming in all vespects
to British Standard Specification No. 91
of such a size that all the strands of the con-
ductor can enter the socket simultaneously.

As to the size of the conductor itself the
Regulation is perfectly well defined and
no comment of mine can make it clearer.
With regard to Sub-section B, it is impor-
tant to remember that because an earth
connection is liable to be forgotten and
develop a bad connection or even a break,
this particular sub-section has been drafted
in order that the state of those earth
connections shall always be in evidence.

Metal Clips Must be Substantial.
With regard to Sub-section D, I should
like to draw attention to the use of the
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E

A Groupr oF TypricaL EARTHING CLIPS.
A and B, Single earthing clips; C, Adjustable earthing clip; D and E, Double earthing clips ;

F, Adjustable earthing clamp.

word ‘‘ substantial ”’ metal clip. Thereisa
great tendency to regard any device
which apparently bonds the earthing
lead to, let us say, a cold water-pipe, as
being satisfactory for the job; it must
be remembered, however, that a flimsy
earthing clip, such as one frequently sees
put on the market by less reputable manu-
facturers and in some cases made up by
the electrician on the spot, is liable to very
quick corrosion and, since the position
where the earth contact is made is in
many cases a damp one, nothing but a
substantial clip can be considered to be
fulfilling its function properly.
Sub-section E sounds ohvious, but here
again one does sometimes

for granted that the demands of the
connection also require the use of soldering
sockets.

Provision of Earthing Terminals.

Regulation 103 states :—

All domestic appliances whether portable
or fixed, and all portable metal fittings,
designed for pressures exceeding 30 volts
alternating current or 100 volls direct current,
shall be provided, for use where necessary
under Regulation 96, with a ferminal or
other suitable means for earthing all exposed
metal liable to become alive in the event of
the insulation becoming defective.

Regulation g6 referred to here deals with

the precautions neces-

see very large earthing
leads—ifar larger than the
7/.036 in. referred to in
the sub-section — ineffi-
ciently connected to an
ordinary little flimsy clip.
If the demands of the in-
stallation are such that a

sary for earthing and
was dealt with by me in
the August issue of THE
PracTiCAL  ELECTRICAL
E~NGINEER.  Regulation
103 is completely and
utterly ignored by the
majority of manufac-

large earthing lead is re-
quired, it may be taken

AN

EARTHING SOCKET SCREWED
oN 1o CONDUIT.

turers.  With the ex-
ception of electric fires
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and a few of the larger pieces of
apparatus which, in many cases, are
provided with special earthing terminals,
the average piece of domestic apparatus—
and it will be noticed that this section
merely refers to all domestic appliances
whethey portable or fixed—are sent out
without any particular provision in the
way of an earthing terminal.

I have no doubt that the manufacturer
justifies his action by relying on the fact
that somewhere or other about the
apparatus there is a nut or bolt which is
primarily intended as part of the construc-
tion of the apparatus, but which can be
loosened to admit of an earth wire being
connected underneath. To my mind this
is not a satisfactory solution of the
problem of earthing domestic apparatus,
since in the first place it implies a very
casual acceptance of these Regulations ;
and, in the second place, many of the nuts
and bolts used in the construction of
apparatus of this sort have been painted
over and unless the electrician is parti-
cularly careful he will find he is making
his earth connection on to a painted
surface which will give him no proper
continuity.

The absence of an earthing terminal on
s0 many pieces of apparatus should make
it all the more essential for electricians
to examine apparatus carefully before
they hand it over to the customer, and
either make some provision themselves or,
alternatively, take great care to see that
the earth wire which they do attach to the
apparatus is properly connected.

In the case of electric fires, this terminal
is usually underneath the frame or at the
back.

Construction of Fittings.

Regulation 104 states :—

A. Fittings wmust be so designed and
constructed that the passages for the insulaled
conductors are of ample size and arve free
from rvough projections and sharp angles
or bends. All outlels shall have well-
rounded edges or shall be bushed.

B. Fittings shall be so designed, and the
insulated conductors so installed, that no
stress can be applied by the conductors to
awy lerminal to which they may be con-
nected.

C. Fittings shall be so designed and fixed
that neither dust nor moisture can readily
accumulate on live parts.

D. Where a fitting exceeds 10 1b. in weight
it shall be supported by several flexible
cords so that the maximum weight to which
any cord is subjected shall not be greater
than that specified in Regulation 81 C, or
other means of support such as a metal
chain shall be provided.

E. Open type fittings shall not be furnished
with inflammable shades unless such shades
be kept free from contact with the lamps by
suitable guards ov supports. Celluloid shall
not be used for shades or candle-tubes or
in any situation near a lamp.

F. Enclosed-type fittings shall be provided
with a removable glass receptacle arranged

To CoNFORM
Lamp
GUARD WHEN IN
Lamp 1S EITHER NEAR TO OR COULD SWING
INTO CONTACT WITH INFLAMMABLE MATERIALS.

wiTH REGULATION 105B, THE
Must BE PROTECTED BY A SHADE OR
PosiTioNs IN WHICH THE

to enclose the lamp completely and of such
s1ze or construction as lo prevent undue
heating of the lamp ; and if the position
of the fitting be such that the glass receptacle
1s liable fto mechanical damage, the glass
shall be protected by a suitable wive guard.

G. Fittings, whether fixed or portable,
wherever exposed to drip or externally
condensed moisture shall be of the weather-
proof type.

The question is very often asked me,
why a fitting made by one manufacturer
is so much more expensive than an appa-
rently similar fitting manufactured by
another. The answer in very many cases
is that Regulation 104 (here quoted) has
been observed by one manufacturer and
ignored by another. If a contractor is
called upon to examine and choose a
fitting for submission to his customer he
should always make sure that the wiring
passages inside it—particularly in the case
of bracket fittings—are free from rough
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projections and sharp angles or bends.
Apart from the spirit of the Regulation,
he will find that the time spent in wiring up
a badly made fitting will add to the job
quite as much as the extra cost of the
better article in the first instance.

Fittings Made Up on the Job.

This Regulation again applies in the
case of fittings which sometimes have to
be made up by the electrician on the job,
as in the case of brackets from the wall
in positions where the customer does not
feel inclined to pay for specially made

D

THis 13 WRONG.
Showing a 6oc-watt bowl fire connected to a
lampholder adaptor, which is prohibited by
Regulation 111B.

fittings and the electrician offers to set
some conduit into the required shape and
fix a lampholder on the end.

Sub-section C sounds quite obvious and
appears to refer only to the manufacturing
of the article, but in this connection I
would draw attention to the word “* fixed.”
A fitting which has been designed to
bang in a particular way should not be
erected upside down, as is frequently
done. Sometimes a bracket fitting with
the lampholder pointing downwards ap-
pears to be appropriate to a particular
job if it is reversed, with the lampholder
sticking upwards. This may entirely

destroy the observance of this sub-section.

Maximum Weight to be Carried by a
Twin-twisted Flexible Cord.

With regard to Sub-section D, which
refers the reader back to Regulation 81 C,
it is perhaps worth recording that this
particular Regulation lays it down that
the maximum weight carried by a twin-
twisted flexible cord shall be as follows :—

Number and Dia-
meter of Wires Maximum
Comprising  Con- Permissible
ductor. Weight.
14/.0076 in. 3 1b.
23/.0076 in. 5 1b.
40/.0076 in. 10 1b.

Note—Where a weight greater than
10 Ib. has to be supported, Regulation 104
D shall apply.

Sub-sections E and F are matters for
the manufacturer rather than for the
electrician himself, but Sub-section G,
though perfectly self-explanatory, mayv
reasonably be emphasised inasmuch as
there is a great tendency to place in
positions exposed to weather or exposed
to moisture, fittings which have not been
designed for this purpose and which will
not only notgive satisfaction if used for this
purpose, but may constitute a danger
to the installation.

Fittings in Special Positions.

Regulation xo5 states :—

A. In spaces where inflammable or ex-
plosive dust or gas is liable to be present o1
where inflammable goods are stored, enclosea
Sfittings shall be wused. In such situations
the fittings shall be of strong construction
having airtight external globes of thick
glass provided with substantial guards.

B. In positions in which the lamp i
etther near to, or could swing into coniac.
with, inflammable materials, 1t shall b
enclosed or protected by a shade or guard.

This Regulation again needs no com:
ment beyond a reminder that the onu:
for deciding whether inflammable o
explosive gases are liable to be present o
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not, or whether inflammable materials are
near, must lie with the installing engineer.

Portable Fittings.

Regulation 106 states :(—

A. In all cases where portable metal
fittings have to be earthed in accordance with
Regulations 9b to 103, all metal parts shall
be comnected to earth by means of a third
conductor in the flexible cord. If this
flexible cord have a metal armouring, this
armouring shall, in addition fto the afore-
mentioned conductor, be efficiently connected
electricially at one end to the metal frame
of the fitting, and at the other end to the
earthed metal of the plug-and-socket con-
nection. Such fittings shall have strong
metal guards in metallic contact with the
vest of the uninsulated metal of these fittings.

B. Portable fittings with non-metallic
Jrames, or the only metal payts of which are
the guards surrounding the lamp or lamps,
need not be earthed as described in 106 A,
provided that these guards ave not, and can-
not come, in metallic contact with the lamp-
holder or lampholders. Such fittings shall
be made of ash, beech, birch, box, cocos,
wmahogany, oak (English), teak or walnut,
or of some suitable non-ignitable composite
material capable of withstanding rough
nusage 1n service.

C. Where portable fittings, appliances,
or accessories ave likely to be used, the
pressure between any two points in one room
ov compartment shall not exceed 250 wvolts
unless the fitlings, appliances or accessories
between which theve may be a higher pressure
are so sttuated that they cannot be brought
within 6 ft. of each other or, alternatively,
are earthed.

If we take the case of an ordinary
domestic iron having only a twin flex
connected either to a two-pin plug or,
worse, to an adaptor, being used in a
kitchen within reach of a water-pipe or
kitchen range, we are defying this par-
ticular Regulation, for Regulation 96
A (b) very clearly states that in such
circumstances earthing must be applied,
and Regulation 106 A (which we are for
the moment considering) equally clearly
demands triple flexible and three-pin
plugs. Similar instances of defiance of
this Regulation can be very easily thought
of or, if the imagination is weak, they can

/ /77/////////4//%/

Nor PeErRMITTED UNDER REGULATION 112D.

Every socket of a rated size exceeding 35
amperes must be controlled by a switch
immediately adjacent.

THis 1s PERMITTED.
Showing a plug socket with a separate con-
trolling switch.

S T T

I
TaIs 15 RECOMMENDED.
Showing an interlocked switch plug, specially
advised for plug sockets ot rated size over j5
amperes.

be seen by a walk round the average house-
hold to-day.

‘“The Six-foof Rule.”

Sub-section B needs no comment, but
Sub-section C is very interesting, inas-
much as it is the one and only Regulation
in the book which gets anywhere near to
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what is generally known as ‘‘ the six-foot
rule.” There is in existence a very queer
view (and one which I myself shared for a
time) that these Regulations forbid the
introduction of opposite phases in domes-
tic installation work to within 6 ft. of one
another.

Now there is definitely no broad rule
of this sort; on the other hand, Sub-
section C of the Regulation which we are
now considering does state that if two
phases are introduced into one room—
since two phases are likely to be at a greater
potential difference than 250 volts—then
any fittings, appliances or accessories
connected to them respectively must not
be brought within 6 ft. of each other and
must not be erected in such a way that
they can be brought within 6 ft. of each
other, or, alternatively, ave earthed. Sothat
actually the earthing of such appliances
would seem to clear one entirely of any
charge of defying this particular Regula-
tion.

My own view on the subject is that,
earthed or not, it is safer not to bring
them within 6 ft. of each other, but since
for the moment we are considering only
the Regulation, my view does not matter.

Regulations 107, 108 and 109 are like all
the Regulations important, but since they
are not likely to be disregarded by an
electrician, I shall omit reference to them
here.

Switch Lampholders.

Regulation 110 concerns the manu-
facture of lampholders and may be con-
veniently omitted with the exception of
Sub-section C, which states that ““ Switch
lampholders shall be provided with further
means of control in the same room.”
No qualified electrician is likely to dis-
regard this sub-section; on the other
hand, many amateurs, thinking it is an
easy matter to tap off from the busbars
of a fuseboard and run a single pair of
cables straight to a lighting point, con-
sider that they are doing the job correctly
if they merely put a switch-holder in place
of the ordinary holder on their lighting
point. Any electrician visiting a house
and noting this should point out to the
occupant that this is in contravention
of these Regulations.

Lampholder Adaptors.

Regulation 111 is very important :(-—

A. Every lampholder adaptor shall be
controlled by a switch fixed in an adjacent
and easily accessible position on a wall or
partition.

B. A lampholder adaptor shall not be
used in connection with any appliance taking
more than 2 amperes.

Lampholder adaptors have come into
being not because they are efficient com-
ponents in themselves so much as because
of the unwillingness on the part of the
householders to have plug-sockets {for
every electrical outlet. A lampholder
adaptor relies for its contact upon the
pressure of two pins on two brass surfaces.
The contact which is good enough for
very small currents in the case of a lamp,
is definitely insufficient to cope with large
currents, the more so since a lampholder
adaptor is subject to a certain amount of
movement while it is passing current, as
in the case of anyone using a domestic
iron ; whereas the lamp, which would
normally be in the lampholder, is at least
stationary.

For this reason these two sections have
been placed in the Regulations. The
control must be a switch fixed in an
adjacent and easily accessible position.
Easily accessible, since one never knows
when a lampholder adaptor may decide
not to behave itself and immediate action
in the way of switching off is necessary.
Secondly, it may not be allowed to carry
more than 2 amperes. That is to say,
that with the fairly standard voltage of
supply of 230 volts nothing over 500-watt
loading must be connected to a lamp-
holder adaptor. This rules out the evil
practice of putting bowl fires on to adap-
tors, a practice which unfortunately is
encouraged by many manufacturers who
send out such fires wired to an adaptor.

Plugs and Sockets.

Regulation 112 states :—

A. Plugs and sockets shall be so designed
and constructed that :

(a) For rated sizes exceeding 2 amperes
they shall conform in all respects to the
British Standard Specification which is
applicable.
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(b} For rated sizes up to and including

2 amperes they shall conform to British
Standard Specification No. 73 in so far
as the materials of which they are con-
structed, overhead capacity, provision of
a hand shield, and side entry of the
fexible cord are concerned ; and, in
addition, the socket shall be so constricied
that it cannot be accidenially short-
circuited whether the plug be in or out
and that a pin of the plug cannot be made
to earth a live contact of the socket.

B. Plugs and sockets shall not be used to
carry curvents greater than those for which
they ave vated in the applicable British
Standard Specification.

C. Sockets of rated sizes mot exceeding
5 amperes may be fitted, without the further
protection of a switch, provided that where
more than two sockets of these sizes are
fitted in one room they shall be controlled
wndividually or collectively by switches
fitted in an accessible position within the
room, excepting that not morve than two of the
sockets may, if desired, be omiited from the
switch control.

D. Every socket of a vated size exceeding
5 amperes shall be controlled by a switch
immediately adjacent and preferably so
interlocked that it is impossible to insert or
withdraw the plug when the switch is in the
“on’ position.

E. Where the socket is attached to a
Jfloor the contacts shall be below the floor level
so that there can be no risk of contact between
the live metal and the floor cover. Sockets
so fitted shall be provided with a strong non-

Hingep CoviER TyPE Froor PrLuc SOCKET.

Regulation 112E states that where the socket
is attached to a floor the contacts shall be below
the floor level so that there can be no risk of
contact between the live metal and floor cover-
ing. Sockets so fitted must be provided with a
strong non-ignitable cover.

ignitable cover, either hinged, or screwed,
and secured by a chain.

F. Where tough-rubber-sheathed flexible
cord is used, a suitable clamp shall be pro-
vided to grip the protecting covering of the
JSexible cord.

G. Weatherproof plugs and sockets shall
be used wherever exposed to vain, drip or
externally condensed moisture. Such ac-
cessories shall be of specially robust con-
striction and be provided with efficient
means to maintain the socket weatherproof
when the plug is vemoved therefrom. When
a loose cover is employed for this purpose,
it shall be anchoved to the socket by means
of a chain. When the plug is inserted in its
socket the combined fitting and interlocking
switch, if any, shall also be weatherproof.

H. In places where petrol-driven convey-
ances are stoved ov repaived, plugs and
sockets shall be placed not less than 6 fi.
above the floor level.

I. When sockets and plugs have provision
Jor earthing, the curveni-carrying capacity
of the earthing contact shall comply with the
requivements in regard to eavthing (see
Regulations g6 to 103).

Sub-section D refers to plug sockets
of a rated size exceeding 5 amperes, which
to all intents and purposes nowadays
means I5-ampere plugs as used for power
purposes in domestic electrical installa-
tions. These, it will be noted, must in
each case be individually controlled by a
switch conveniently placed. It is perfectly
permissible to place a 15-ampere plug
socket on the skirting and to place by it a
suitable 15-ampere switch directly con-
nected so that the switch controls the
socket. Nothing in this Regulation re-
quires that the switch and the socket
shall be mounted in the same fitting. On
the other hand, it is definitely recommended
that the electrician should go further and
install an interlocked switchplug.

Suitable Clamp for Tough-rubber-sheathed
Flexible Cord.

Sub-section F asks for a suitable clamp
in the case of tough-rubber-sheathed
flexible cord. As a matter of fact most
of the reputable plugs on the market to-day
are provided with some clamping system
for contingencies such as this.
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How 10 MAKE AN INSTRUMENT
SWITCHBOARD FOR A.C. TEsTS

The mainienance engineer frequently has to carry out tests on A.C. plant, and when this
is of the two or three phase type he is sometimes handicapped by not having sufficient

meters available to put an ammeter in, and a voltmeter across, each phase.

The present

article describes how a simple switchboard may be built up very cheaply which overcomes
the above difficulty by making all kinds of A.C. tests possible with the use of only one
voltmeter, one ammeter, and, where energy measurements are required, one wattmeter

cases where tests have been cur-

tailed through lack of the necessary
instruments, and where tests which should
have included readings on each phase
have been limited to voltage readings on
all phases (sometimes) and current readings
on one phase only. Under such circum-
stances no reliance can be placed on the
test figures, for there is no guarantee that
conditions are identical in all the phases,
and quite wrong conclusions are often
arrived at from considerations of tests
made in this manner.

Often the only instruments at the
works engineer’s disposal are a portable
voltmeter-ammeter and a portable watt-
meter.

Yet providing the electrician’s store
contains a few switches, a plug and some
sockets, some
terminals

I :VERY maintenance man knows of

up a little instrument switch panel
from this material which will make
it possible to take readings in each phase
of two or three-phase apparatus without
using more than the meters mentioned
above, ie., one voltmeter, one ammeter
and (where required) one wattmeter.

These instruments, by the way, should
form the absolute minimum equipment
tor the maintenance engineer of any reason-
able-sized factory, and the provision of the
panel to be described is equivalent to
having three times the number of instru-
ments available.

The Materials Required.

The first step is to gather the necessary
material. Most of it will be found to be
already in the stores, since it is standard
material ; we will require :(—

Three single-
pole, single-

{(screws and Al Bl Cl. Di. throw knife
id om0 QR ® (R ® (T Comounied
thing from [; Two double-
yhic « pane (Dveor]| ool
y be made, throw knife
together with [® switches.
a little cable <5 ‘V3@ Y. Unmounted.
for connec- Four 5-amp.
tions, there is |° two-pin
no reason why Q V sockets.
every test @ © © One 5-amp.
should not be two-pin
complete, for AL. Bz' Da. plug.

it is only a
matter of a
few hours’
work to build

AsseMBLY OF COMPONENTS ON THE PANEL.

The switches are here shown mounted on the panel, to-
gether with the voltage sockets and the terminals. The
descriptive lettering by which the switches and switching
operations are referred to in the text, 1s also given.

Ten terminals.
One panel, for
above  com-
ponents.
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Building Up and there
the Panel. will be no
Having difficulty in

collected all

the material
we may pro-
ceed with the
building up,
and the first
step is to

making the
necessary
modifica-
tions to the

dimensions
given,

drill the Drilling for
panel for the the Knife
switches, PaNEL WIRING DIAGRAM. Switeh
sockets and aHeire :’irrltla SIJ;IEWII{I 1‘che “Sringt anq conne%‘cu;lns of J;che 1nsttrl111mferﬁc Parts.
: nel. e thick lin rirt 3 -

termlnals. If Surrent, while the thesn gggsesrléwngo‘l‘talge vlleiLrllsngC.arrlzc wﬁl lll)e Care must
sSwli tch €S noticed that the components are shown reversed 1n position from be t a‘ke, n,
having di- right to left, this is because we are looking at the back of the when drllhng
mensions panel for the knife
different switch parts,

from those for which the drawing is
made are used it will be mnecessary
to alter the centres of the holes for
the switch stems to suit them. The
method of arranging the components
is quite clear from the sketches, however,

-3 PHASE.

- 2 PHASE
3WIRE.

A AR |B

i

-}

QQ@@

-

I
AT.

CirculiT CONNECTIONS

The connections for putting the panel in a
three-phase, or a two-phase three-wire circuit
are here shown. The wires lettered A, B, and €
(or A, AB, and B), are connected to the main
switch load-side terminals, while the other side
of the panel 1s connected to the gear to be tested.
AT 1s the apparatus under test.

to keep all the holes for each blade in ac-
curate line, since if this isnot done there will
be difficulty in operating the switches which
will be stiff, or if the lining up is very bad
the blades will not enter the jaws at all
A little time and care spent on this part
of the job will be amply repaid by ease
and facility of working of the completed
panel.

A AZ Bl (B2

O@Q

| O S

AT.

Two-PHASE FoUR-WIRE CONNECTIONS.
As 1n the previous diagram A1, A2, and BI,
Bz go to the main switch while the apparatus
under test 1> marked AT.
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2/0.044 or 0.01 sq. in.

10/0.044 Or 0.03 ,,
19/0.064 or 0.06 ,,

Up to 30 amps...
30 to 6o amps. ..
60 to 120 amps. . .

Finishing Touches.

Having made all the connections and
checked same very carefully against the
diagram, the supporting strips may be
screwed, to the sides of the panel so as to
hold the switch stems, etc., well clear of
the surface on which the panel is placed,
and when this has been done the equip-
ment is, completed and ready for use.
If desired distinguishing letters or numbers
may be painted
by the different
terminals or
switches, or

stance, if there were three cables running
from a main switch to the starter of a
three-phase motor we would take them
off the main switch terminals and place
them on panel terminals A2, Bz and Cz,
leaving D2 unoccupied. In cases where
there are four cables, as in two-phase
four-wire circuits, all the terminals would
be used, while when the panel is used for
tests on single-phase apparatus which
have only two cables we would leave
both terminals C2 and D2z unconnected.
Having made these alterations in the
permanent wiring to the plant under test

ivorine or other
non-metallic
labels may be
used for the
same  purpose,
but this refine-

ment is by no
means necessary
since once the
principle of using
the panel 1is
grasped no distin-
guishing marks
are required.
However, this
matter can be
left to the choice
of the builder,
who may, if he
wishes for them,
use the markings
which have been is°
employed,  for

descriptive purposes,

AT

shown.
CT and VB respectively.

open,”’
in the drawings.

Connecting in Circuit.

The method of placing the completed
panel in circuit with the plant on which
meter readings are to be taken is very
simple, since it is only necessary to dis-
connect the cables which run from the
main switch which controls the current
to the plant in question, take them off
the main switch terminals and place them
on the panel terminals marked Az, Bz,
Cz and Dz, leaving any terminals vacant
for which there are not cables. For in-

CONNECTIONS BETWEEN
The wiring between instrument panel and meters is very simple as is here
A denotes the ammeter, W the wattmeter, and V the voltmeter,
while the current transformer and volt-box for the wattmeter are shown by
These last two are not always needed, of course.
The switches are shown set to read Amps A, Volts A-B, and Watts W1, 1.e., S1
2 and 54 both at “ Q,” and the voltage plug is in V1.

=
A W v

PANEL AND METERS.

we must make connection between the
panel and the main switch, and for this
purpose short lengths of cable, of suitable
size, are used. These cables are connected
to the terminals Ar, B1, Cr and D1, and
from them are run to the main switch
terminals in such a manner that the
main switch terminal which originally
carried, the cable which is now connected to
Az is joined, by means of the short length of
femporary cable, to panel terminal Ar;
while that which was connected to Bz
is now wired to B1, and so on.

In making these alterations to the con-
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nections due care must be taken, of course,
to see that the insulation of the temporary
connecting cables is good, and the main
switch must be in the “off” position
before any terminals are touched or
connections moved. The method of mak-
ing the connections between the panel,
main switch and apparatus under test
is shown clearly on the diagrams.

o [~] (] o

His

,a"

*;5@
RhY
N

SwITCH POSITIONS.
This diagram shows the positions of the
switches for different readings, as follows :—
(Top)—S2 at “ R,” S3 ““open,” Sy at “ Q,”
and plug in Vz2.—Readings Amps B and Volts

(Centre)—Sz2 *“ open,” Sq at ““ R,”” S5 “ open,”
and plug in V3.—Readings Amps C and Volts
C-A.

(Bottom)—Sz “open,” S34 at “R,” Sjs
“ open,” and plug in V2.—Reading Watts W2.

Connecting Meters to Panel.

When the above connections have been
completed the knife switches S1, S3 and
S5 should be closed, and the gear under
test may then be used in the normal
manner, as though the connections to
it had never been disturbed. Care must
be taken, of course, to guard the instru-

ment panel against any machine opera-
tives, since the switch blades and ter-
minals will be alive, and for this purpose
a shallow wooden box may be constructed
with which the panel may be covered.

As soon as the meters are available,
or when it is desired to take the tests,
the meters should be connected as follows.
The ammeter, and the current coil or
current transformer of the wattmeter in
series with it if one is used, must be con-
nected by short lengths of cable to ter-
minals X and Y, while the voltmeter,
with the wattmeter potential side in
parallel, should be wired to the two-pin
plug.

These connections may safely be made
while the panel is still in circuit and
carrying current if the two double-pole
double-throw knife switches are left open
while they are being made, since under
these conditions the X and Y terminals
are completely isolated from the supply.
The wiring between instruments and
panel is shown clearly in the diagram,
which also depicts the correct method of
connecting a wattmeter, if this instru-
ment is to be employed.

How fo Use the Panel.—(I)
Readings.

The connections of the panel are so
arranged that current readings may be
taken in the three lines connected to
terminals A, B and C. No provision is
made for observing the current in the D
line, since this is only provided for use
in two-phase four-wire tests, and in these
cases the current in line D will be the same
as that in line C, since these two lines
will form the connections of the same
phase. This is clear on reference to the
diagram of connections for this type of
circuit.

In order to take readings of the current
in each phase, while using only one am-
meter, we set the double-pole knife
switches so that the ammeter terminals
are connected across the terminals of
each of the single-pole knife switches in
turn, and when this has been done we
open the particular single-pole knife
switch, thus making the phase current
flow through the ammeter, causing it to

deflect and give a reading of the current
¢

Current
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flowing. For instance, suppose that we
wish to take a reading of the current in
line A, we should proceed as follows :—

First set S4 in position “ Q" so that
the ammeter terminals are connected
across the blades of switch Sz, then set
Sz also in position Q, thus transferring
the ammeter connections to switch St
in such a manner that X is connected to
the A2 side, and Y to the A1 side of the
single-pole switch. If now S1 is opened
the only path between Al and A2z which
is available to the current in the A line is
via the ammeter, which is thus caused to
read the current in that line.

The principle of taking current readings
in the other lines is identical, so that to
read the B phase current we would set
switch S4 at Q, Sz at R, and open S3,
while the observation on the C line would
be taken simply by putting S4 at R and
opening 55. These switching operations
place the ammeter in circuit with each
phase as desired, so that a reading of its
current may be taken.

(II) Voltage Readings.

In order to take readings of the voltage
across each phase it is only necessary
to place the plug in the correct socket, as
will be clear from the diagram of con-
nections, so that to read the voltage be-
tween lines A and B the plug is inserted
at Vi, for the wvolts between B and C
at V2, while V3 gives the voltage A to C
and V4 that between lines C and D.
We are thus able to take either the three
voltage readings required by a three-
phase test, or the two which a two-
phase investigation entails.

(III) Wattmeter Readings.

In order to obtain a wattmeter reading
we must combine the procedures already
described, for taking ammeter and volt-
meter measurements, because a watts
meter may be said to measure both volt-
and amps. and to combine their effects
and indicate the effective product of
their values. More than this, in a three-
phase test by the ‘two wattmeter”
method, although one phase is apparently
omitted from the test by the fact that
only two readings are obtained the fact
is that all three phases are considered

since the current readings are taken in
two of the phases, while the voltage
portion of the test consists in measuring
the voltages from these two phases
to the third phase in which no current
observation has been made. Therefore,
for either two-phase or three-phase tests,
two wattmeter readings may be taken
by following the procedure laid out
below.

To read Wi. Combine the readings
of amps. in line A with the voltage be-
tween lines A and B, that is to say, set
both Sz and S4 in the Q position and
open S1, and at the same time place the
voltage plug in socket VI.

To read W2. Combine the readings of
amps. in line C and voltage between lines
B and C; in order to accomplish this set
S4 at R and open S5, and at the same
time place the voltage plug in socket Vz.

When the two-phase test is made on a
two-phase four-wire circuit the voltage
plug should be placed in socket V4 instead
of V2 when the reading of W2 is being
taken.

General Notes on Using the Panel.
When using the instrument switch
panel of this type it is best to form a
definite procedure in taking readings, so
as to expedite the taking of readings and
safeguard the tester and instruments, the
following precautions should be observed :
Always set the two-pole switches,
Sz and S4, first, and note that before
S1 or S3 is opened S4 must be in position

Never open. St unless both Sz and S4
are at Q.

Never open S3 unless Sz is at R and
S4 at Q.

Never open S5 unless 54 is at R.

Never open more than one single-pole
switch (S1, S3 or S5) at once.

At first sight these instructions may
appear complicated, but the method of
using the panel is soon grasped, and the
above procedure then becomes automatic.
The writer has knowledge of one large
manufacturer’s works where the induction
motor testing switchboards incorporate this
method of instrument switching with
perfect success and with a very consider-
able saving of instruments.
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As there is no doubt at all that success-
ful relay systems must give alternative
programmes, it is proposed to consider
dual programme working mainly in this
article.

In the case of A and B stations, the
H.T. supply is best arranged in each unit,
whether receiver or amplifier, whilst in a
station to operate more than 500 loud-
speakers it is found more reliable and
efficient to arrange one source of H.T. for
the whole station, the reason for this being

Providing Against Breakdowns.

In a well-designed station breakdowns
are almost unknown, but, nevertheless,
have to be provided against, and each
piece of apparatus actually in operation
should be provided with a stand-by, whilst
in the case of a small station which is often
unattended a complete shut-down should
be impossible except in the case of failure
of electricity supply. For this reason, as
before mentioned, it is advisable that such
a station should be provided with H.T.

supply to each

H receiver or ampli-

fying unit so that

if one programme
closes down
through failure
of a component,

the alternative
programme  will
continue uninter-

rupted.
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Aerial System.
A radio relay
station must be
arranged with due
consideration to
local conditions.
Two aerials are
usual, one being,
say, 30 to 40 ft.

Aoom

Al in length, and
" the other 50 to
I 60 ft. in length.

i These should ke
I arranged with a
I double pole,
H double-throw
switch in such a
manner that a

ez <7
,u.

sy

T

TypPicAL LAYOUT FOR A RELAY STATION,

that with less than 3500 subscribers a
station must necessarily operate with less
attention than can be afforded to a larger
station, and no matter what the operator’s
initial intentions are in this respect the
smaller station will undoubtedly even-
tually be left to a large extent on time
switch, whilst the operator with the larger
station can well afford to, and therefore
should, provide constant attention during
service hours.

single operation
of the switch
changes the aerials about, whilst a second
switch earths both aerials. The aerials
should be erected as remote from the
out-going lines as possible and supported
on a hollow steel mast.

The Lead-in.

The lead-in is best arranged by carrying
an insulated conductor down the inside
of the mast, and this should be continued,
still in tubing, right to the aerial terminals
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of the receivers. By this means, inter-
ference from the surrounding apparatus
is minimised. To keep down the capacity
of the lead-in, corks may be attached to
the insulated wire in order that these may
be as well spaced from the metal tubing as

and power wiring of the building itself,
and where tubing or lead-covered con-
ductors are used, these should be very
efficiently bonded and earthed, or mys-
terious rustling will be experienced when
any vibration takes place. Speaking from

possible, experience, it is probably most advisable

Where d
electrical Al ’
3 -000I MFO . —
interfer- . (WAX) ooo‘?ZFDooos
ence 1S very 2 ————
bad, a 1
centre tap- B r———--l ;
ped frame
aerial may ! } 'r > :
be used, to- I i I _;'_!K] |
gether with ! | | |
an  ampli- I Lves o
fying valve, EL_L__J L L__d Ep —_—/::}‘
the output == Receivere AMPLiFiER —— sceIve

. v v

from which UsiNG ReELAY LINES AS ABRIALS IN A Reray  SIMPLE FILTER ARRANGEMENT
may be fe_d STATION, To Cur Ovur InNDuckp Low
toany ordi- As a general rule-with radio relay stations, two  FREQUENCY ¥ROM AERIAL COIL
nary recei- aerials are usual, one being say, 30 to 40 ft. n OF RECEIVER.
ver This length and the other, 50 to 60 ft. These should This is often an advantage

. be arranged with a double-pole double-throw  when incorporated in a private
unit MAay  switch in such a manner that a single operation receiver.
be tuned if of the switch changes the aerials about while a
desired, but second switch earths both aerials.
will  operate

quite satisfac-

torily without GANGED

tuning and
without atten-
tion.

Earth System.

In any kind
of a relay
station it is

GANGED

advisable to
run a heavy
earth lead
throughout,
and where a
common AN
source of H.T.
is used for the
whole station
it is a good
plan to earth
the high tension negative at the source of
H.T. supply and arrange H.T. returns
through the metal chassis of the various
units, which, in turn, should be efficiently
earthed.

Attention should be paid to the light

1llustration.

ORDINARY BAND Pass CIRCUIT
Wit CoupLING CONDENSER IN PATH
OF AERIAL CURRENT,

This would be of no use for relay
station work. Compare with the next

<||

A BanDp Pass CirRcUIT REARRANGEDR
For RELAY STATION WORK.
A further improvement would be
possible by earthing the aerial coil
direct,

where possible, to carry out the wiring,
except in the case of D.C. mains, in cab-
tyre cable.
RECEIVERS.
Tuning.
Owing to the heavy induction of low
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of reproduction of the whole of the am-
plifier output.

Are Intermediate Amplifiers Advisable?

Having determined the number of
amplifiers to be employed the next con-
sideration is whether, or not, intermediate
amplifiers are advisable. If more than
two output units are to be employed the
most efficient method is to use a single-
stage intermediate amplifier, the output
from this being fed to the inputs of the
power bank which are arranged in parallel.
For dual programme working the various
receiver outputs should be connected
through faders to switches or jacks
which will connect any receiver to either
of the intermediate amplifiers or output
units as the case may be. With this
arrangement and careful monitoring, pro-
grammes can be superimposed on each
other in any desired manner and such
effects as fading in an announcement
superimposed, on the fade-out of the pre-
ceding item may be obtained with ease
and add greatly to the entertainment
value of the service.

The chief advantage in the use of inter-
mediate amplifiers is that any number of
single stage output units may be added
as the demand of the station increases,
these additions in no way interfering with
the working of the existing apparatus
provided that the output units are con-
structed as near to standard as possible.
A further advantage of using a standard
output- unit is that these units may, in
certain cases, with advantage be employed
with their outputs in parallel, whereas if
amplifiers which are not standardised are
operated with their outputs in parallel
these outputs may be seriously out of
phase with each other and results will be
unsatisfactory both from an acoustic
and an economical point of view.

L.F. Valves Should be Choke Capacity
Coupled.

In radio relay practice all low frequency
valves should be choke capacity coupled
or transformers parallel fed in a similar
manner, the chokes and condensers used
for this purpose being of robust construc-
tion and generous margins of safety allowed.
Each valve in the second and final stages

of amplification should be equipped with
individual anode milliammeters, and
chokes -in the output stage may with
advantage be fitted with spark gaps
adjusted to discharge at about three
times the anode voltage. The filament
transformers of each chassis should have
a separate centre tapped secondary for
each valve.

Automatic Grid Bias.

All power valves of suitable size at
present available being of the directly
heated triode type, automatic G.B. is
best obtained by inserting resistances
between the filament winding centre tap
and earth; these resistances should to a
reasonable extent be adjustable from the
front of the panel

When wusing high power amplifying
valves particular attention must be given
to prevent high frequency oscillation and,
in addition to laying out the components
in such a manner as to prevent feed back
from anode to grid of the valves, resistances
must be inserted in the anode and grid
leads as mnear to the valve holder as
possible. Suitable values  of resistances
for these purposes are recommended by
the valve makers.

Push-pull Amplification.

This may be employed with advantage
in power banks and intermediate ampli-
fiers, the arrangement being more satis-
factory than the ordinary paralleling of
valves. Under favourable conditions, one
pair of 5-watt (output) valves will supply
100-120 subscribers, whilst a pair of
II-watt valves will supply 250 subscribers.
The output of an amplifier may be doubled
by using two valves on each side of a
push-pull circuit, but each wvalve should
be wired with its own grid stopper, anode
stopper, filament winding, automatic G.B.
anode choke and milliammeter.

Matchmg

In matching radio relay amphﬁers to
the lines the wusual methods are -un-
suitable. A well-designed amplifier built
on the lines indicated will give a definite
signal voltage from a given input whether
working at normal load or on a monitor
speaker only.
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DISTRIBUTION AND CONTROL GEAR FOR
POWER PURPOSES

By J. V. Brirraiy, B.Sc.(Eng.), A-M.[.Mech.E., A.M.L.E.E.

HE general scheme of distribution
for supplying the various motors
of a factory should be based on

the normal system of having :—

(@) A main control switch with either
fuses or overload trips.

{6) A distribution panel having fuses on
each line supplving a particular section.

(c) A control switch at the motor either
with fuses or overload trips.

(d) A starter for each motor (except for
fractional h.p.
motors which
are  switched
straight on).

70 Moromrs

Single-line Dia-
grams,

This is shown
diagrammatic-
ally in Fig. 1,
where a single A
line is used to
represent  the
circuit. When
planning  the
scheme in its
initial stage a
diagram of this
description  is
extremely useful and enables the layout
to be seen at one glance. If for
instance on a 3-phase scheme all the
wires or lines are drawn, the diagram
becomes sufficiently complicated to
make it necessary to follow out the
wiring step by step to see what is suggested.
With a single-line diagram alterations or
additions can be made quite easily when
discussing the matter with a non-electrical
man.,

ISTRIBU7/ON

SwrrcH

SuvrpLy i

Size and Type of Apparatus.

The actual size and type of apparatus
which will be required depends on the size
of the motors to be supplied, the voltage

AND FUSES

Itg. 1.—DISTRIBUTION SCHEME FOR POWER IN A SymALL
Facrory.

A single line is used to represent the circuit as it enables
the layout to be seen at a glance.

and the type of factory or situation.

For this article only voltages up to 500

volts will be considered, as the majority

of factories having a large number of
motors will use either joo—tq0 volts

3-phase A.C. or either 230 or 460 volts D.C.

For large motors working direct off

3,000 volts the control gear is in the nature

of a substation and requires considera-

tion on different lines from that outlined
here.

The First Point
to be Con-
sidered.

The first
point which
affects the lay-
out of the
wiring is the
actual number
of motors to
be supplied,
and in conjunc-
tion with this
much derends
on whether
these are situ-

Moror

ated in one
compact build-
ing or mnot.

Referring to Fig. 1, if there are not
more than 10 or 12 motors these can
conveniently be supplied from one dis-
tribution board, when theline diagram will
be as shown in this sketch.

A Typical Example.

As an example of this we will assume
that a factory consisting mainly of one
room or building has 10 motors varying
from 5 to 15 hop. If the supply is from
the Corporation it can be taken as 400
volts 3-phase A.C., as most undertakings
have now changed over to this system,
especially for a supply of this size. For
230 or 460 volts D.C. the subsequent
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unit be less

this may entail

than 15 amps.
as apart from

current carry- Loror
ing capacity a SwircH

switch for wuse

long runs of
wiring. Again,
in a factory
having several
rooms or build-

2_’, Ez _(/_’3 S7ar-Der74
STARTER

in a factory
should be of a
robust nature,
and  switches
smaller than 15
amps. are usual-

FRon
LisTrisu7ion l

BoAra_r
NS

B e ES—

79%¢% ings, it is an
l- advantage to
have the point

[ of distribution
gl for each build-

ing or depart-

lyratherfragile. Moroe ment at some

In Fig. 4 the point nearer to
wiring shown Fig. 4—FuiL DiaGRaM SHOWING CONTROL GEAR AT the actusal
connecting up Mortor. motors  them-
the motor 1s selves. This

that usually adopted for star-delta switches brings us the larger scheme in Fig. 5, where

and the starter will have a diagram
showing the actual details.

An Oil-immersed Starter.

As an alternative to the separate switch
and starter described above, a single unit
consisting of an oil-immersed starter can
be used. This must have at least two
overload releases and the usual no-volt
coil. In this case the overload releases
take the place of the fuses in the switch
unit.

A Larger Scheme.

There will be, however, a limit to the
size of factory in which this simple method
of distribution is practicable. It will be
seen that in Fig. 4, there is a supply from
the distribution board to each motor and

70 Morors 76 Morors 7o Morors
Secrron I Secrrov e  Secrion/
¢ b 8 /50LarnG
IWTCH
2 =4 /
Secrron
SwrrcH

Fuses
Mawv
Swercm
Ano FUSES
SurPLY

Fig. 5.—DISTRIBUTION SCHEME WITH SECTION-
ALISED DISTRIPUTION BOARD,

it has been assumed that there are three
sections to the factory and that each
section has several motors.

Advantage of Separate Circuit Switches.

The line diagram given in Fig. 5 shows
the simplest arrangement and it has the
advantages of using a minimum length of
wire together with central distribution.
The main supply is controlled by the
usual main switch from which is taken
three circuits—one for each department.
These circuits are again controlled indi-
vidually by a combined switch and fuse.
The advantage of these separate switches
is that any section can be made dead at
will at the main board, in case that section
is not working or repairs are being carried
out.

70 Secrron
LUSTRIBUTION BOARDS

Mav
I\ LisTriBU 70N
BoArRD

3 2

Many

SWITCH
Ao Fuses

SurprLy {

Fig 6.—I1iNE D1aGRAM SHowING USE oF MAIN
DistriBUTION BoaArRD INSTEAD oOF SkcrION
SwitcH Fuses as inv Fia. 5.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to °° The Practical Elecrrical Engineer,” 8-11, Southampton Street, Strand, W.C.2.

Envelopes to be marked < Problem” in the top left-hand corner.

Replies to questions

are also invited and all replies published will be paid for at our wusual rates

THIS MONTH’S NEW QUESTIONS.

Finding the Live Wire on a D.C. Circuit.
When testing for a lwve wive on A.C.
it 1s possible with a pair of leads, a lamp-
holder and lamp, to make the lamp light
when the ““live” wire and an earth ave
touched on. Is 1t correct that on a D.C.
circuit by this method you cannot tell which
is the live wire 7 If this (s so, would vou
kindly tell me the best way to find a ** live ”’
wire on a D.C. circuit ?
F. W. Clarke (Edmonton).

Miniature Circuit Breaker for House
Lighting.

Is there any definite vegulation prohibiting
the use of a mimiature civcuit breakev on the
live leg of an ordinary house lighting circunt,
the neutral being connected divect lo a newutral
bar. I have n wmind a subcircuit as above,
Dpermiiting the one control only and therefore
dispensing with the usual fuse in either
leg and a tumbler switch on the live leg.

The nmeutral is at ecarth polential, and
provided the meutral wive can easily be
disconmected for testing, 1s there any veason
for insisting upon two fuses ?

R. W. Kane (Johannesburg).

Trickle Charger for a Model Railway.

I wish to set up a trickle charger in
connection with a model railway. The
power is obtained from a 12-volt car accumii-
lator of 40 amp.-hour capacity.

It is proposed to use a Westinghouse
metal vectifier giving 12 volts I amp. as this
15 the most convenieni. However, since one
cell when fully charged gives 2.2 volts, six
such cells will give 13.2 volts; in other
words, the accumulator is never fully charged.

Is there any way of getting over this
difficulty other than, sav, charging three
cells at a time from the rectifier ?

B. W. Hind (Pinner).

REPLIES TO PREVIOUS QUESTIONS

I should be very glad if vou could give
me Some information regarding an emer-
gency  stand-by installation for electric
wncubator and brooders.

These ave at present running on 230-volt
A.C. The consumptionisabout7kW. Isit
possible to obtain an A.C. generator of
this voltage and outpul ?

J. and C. (Heathfield, Sussex).

There will be no difficulty in obtaining
the installation mentioned. As a rule,
such small sets are coupled to D.C.
generators ; these being a standard line,
would prove a cheaper plant to purchase
than an A.C. set. The use of either A.C.
or D.C. supply is immaterial to the
heaters in the incubators or brooders, so
long as they are furnished with the re-
quisite current ; it is the current and not
its pressure or type which furnishes the
heat. As long as the D.C. generator gives
31 to 35 amps.,, with voltage regula-
tion between, say, 220 and, 235 volts, it
would do the work as perfectly as the
public supply. Several makers of such
plants advertise in the electrical press.
Three or four firms should be written to
and the problem placed in front of them.
It must be emphasised that () the private
plant must run up automatically and
switch itself on to the incubator circuits
as soon as the public supply has been off
for five to ten minutes, and must dis-
connect itself automatically, when that
supply has been restored and has remained
on continuously for 20 minutes. These
“ Come on’’ and “ Drop out ” time limits
are necessary to prevent spasmodic com-
ing on and going off by the private plant.
They can be settled at just such points as
the experience of the proprietors shows to
be safest. (b) Incubation or brooding
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requires the heat to be constant throughout
the whole process. Thus, if the public
supply is off, the private plant must run
24 hours a day at full load until the public
supply is restored. Insist on this point
when placing your scheme before the
manufacturers. Theycan then put forward
an engine to meet the conditions safely.
(¢) Let the makers know that whilst you
are prepared to make an approved founda-
tion in a suitable engine-house to their
requirements, that everything else must
be supplied, erected, connected up and
set to work by them ; left running to your
satisfaction, and with the usual mainten-
ance guarantee. Give the contractor to
understand he must supply, fix, wire and
connect up, both water tanks for the
engine and wiring to the incubator
circuits, and he will know where he is,
quote accordingly, and carry through the
whole matter with the minimum of
expense, and, especially worry, to your-
selves. One portion you will have to
supply and fix is the pipe and ball tap to
supply the make-up water to the engine-
cooling tanks.

On receiving the offers from wvarious
firms, compare them as follows :—

() Diameter and stroke of engine
cylinder or cylinders.

(2) Revolutions per minute.

(3) Simplicity of set generally, and
accessibility for cleaning and overhaul.

(4) Petrol and Iubricating oil con-
sumption.

Items 1 and 2z are the more important.
Choose that set of which the engine has the
largest cylinder volume, and the lowest
rate of revolution per minute.

The automatic gear which brings the
private set into service should contain a
““no volt 7 coil fitted in the public supply
so that when this fails a warning bell rings
in a place in which it must be noticed ; the
warning bell to cease ringing as soon as
the private set is supplying the incubator
circuits. When this bell rings, always go
down to the set and see it come in, or, if
the auto gear hangs up, start up by hand.
It will be sound practice to set the auto
gear into action once each week by tripping
the A.C. supply and seeing that the set
comes into work correctly ; after running
it on full load for 15 minutes, close the

public supply again and see that the set
drops out. Such a set will work for many
years with slight attention and at a very
low cost for maintenance.

Frothing of Celluloid Accumulators.

Can you tell me why some celluloid type
of wireless accumulators froth so much after
being on charge a few hours? They are
Sfrom a year onwards old. Is there any cure?

H. Boyce (Glastonbury).

“ Frothing,” when charging accumula-
tors, may be due to two causes.

1. The impregnating chemicals used for
treating wooden separators, to prevent
their deterioration through continued im-
mersion in the electrolyte.

2. A chemical action, which apparently
occurs between the electrolyte and the
surface of celluloid containers, which have
been in use for some considerable time.

In the case of old accumulators having
celluloid cases, if frothing commences
shortly after the charging is started, then
it may be due to the second cause. The
electrolyte should be drained from the
container and the container cover re-
moved. The accumulator plates are now
taken out of the container, and immersed
in clean cold water, until they are replaced.

Wash out the container with clean cold
water, and thoroughly clean the interior
with a soft clean rag, which is dipped from
time to time in a solution of amyl acetate.
This solution will remove all traces of
precipitation from the surface of the
container. After cleaning polish the surface
with a soft cloth.

New electrolyte should now be made up
with pure sulphuric acid and distilled
water to the correct specific gravity, and
allowed. to cool down.

The plates are now replaced in the
container, which is now filled with the
electrolyte to the correct level.

The accumulator is then placed on
charge in the usual manner.

A Book on Neon Tubes.
Can you give me the title of a good book
on neon tubes?  J.A.C. and others.
There is a book entitled “ Neon Tube
Practice,” by W. L. Schallreuter (Bland-
ford Press, Ltd., 1os. 6d), a review ot
which will be published next month
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Enterprise and the National Grid.

Through the enterprise of Messrs. Johnson
and Phillips, Ltd.,, a Rural Electrification
Scheme has been brought into successful
operation to serve the districts of Ringmer,
Alfriston, Asham, Plumpton and Glynde.
The area covered by this scheme lies behind
Brighton, Newhaven and Seaford on the
South Coast and is approximately 63 square
miles, and is under the Ringmer and District
Electricity Co., Ltd., who purchase supplies
from the Grid and distribute to their con-
sumers. The latter include factories, farms,
houses and shops. Already the undertaking
is distributing at the rate of 3,000,000
kilowatt hours per annum. The prices
charged to consumers range from 2d. per
kilowatt hour for off-peak water heating to
a flat rate of 13d. per kilowatt hour for power
consumers taking more than 5 h.p.

These are the kind of prices which we
believe will do more than anything else to
stimulate rapid expansion in the use of
electricity. We offer our congratulations to
the firm of Johnson and Phillips, Ltd., on an
achievement which sets a fine example.

Selling Electric Lamps.

The lamp situation continues full of in-
terest. Mr. Os and Mr. Ram continue to
amuse everyone with their witty remarks,
whilst the Crompton-Kye organisation are
gradually spreading the news that good
British lamps are now obtainable at the
price of 1s. Supply voltages are still far
from uniform all over the country—2oo0 volts,
205 volts, 210 volts, 220 volts and 230 volts

are to be found within a short radius of
Charing Cross.

Electrical engineers know that a slight
variation from the rated voltage of a lamp
may make a big difference in the light ob-
tained or in the length of life of the lamp.
We venture to think that not more than
50 out of every 100 consumers of electricity
know the exact voltage of their supply. We
suggest that a rather interesting lamp ad-
vertisement would be one containing the
supply voltages for different districts. It
might not be possible to cover all districts
in a single advertisement, but we believe
that the firm who ran a series of advertise-
ments on these lines would have made the
first step in educating the public to think
electrically.

Mr. Winton Thorpe.

The new Northampton College of Tech-
nology possesses one of the best electrical
equipments of its kind in the country.
Readers will be interested to hear that the
Consulting Engineer was Mr. D. Winton
Thorpe, AM.ILEE.,, to whom we offer
congratulations.

Ultra Violet Lamps.

A few years ago there was a growing
demand for ultra-violet ray lamps for use
in the home. Articles were then published
in the newspaper press drawing attention
to the dangers of the unscientific use of
these lamps. These articles had the effect
of greatly reducing the demand. It is quite
certain that a great deal of new business
could be obtained during the coming winter
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by the sale of suitable domes.c equipment.
Full mnstructions should be given as to the
correct methods of using the lamps. Ultra-
violet lamps improperly used are dangerous,
but so are motor cars. This is just another
example of the fact that electrical manu-
facturers must realise that 1t they wish to
extend their business they must be prepared
to spend time, trouble and money 1n educat-
ing the public. Who else is there to do it?

A Great Designer.

Modern electrical generators are amongst
the most efficient machines produced by the
ingenuity of man. Efficiencies of 98 per
cent. and higher have been obtained. That
is to say, for every 100 h.p. used mn driving
a large dynamo it is possible to obtain an
output equivalent to about 98 electrical h.p.
There are very few other machines capable
of such a performance.

Professor Miles Walker, F.R.S., who has
contributed an interesting article on Dynamo
Design to the present issue is one of the
engineering geniuses whose work has con-
duced to these astonishing results. His
article is well worth careful study.

A.C. Motors.

The gradual adoption of A.C. supply all
over the country is leading to increased use
of induction motors. Like most other
electrical machinery, once the motors have
been correctly installed little or no skill is
required to operate them. Upon the works
engineer rests the responsibility of seeing
that this installation is carried out correctly.
The article beginning on page 102 contains
much useful information for the man who is,
or intends one day to be, the engineer-in-
charge of a works or factory.

An Electrified Pump.

On page 106 we show an interesting
example of an electric motor for driving
one of the old hand-operated pumps. There
must be thousands of such pumps all over
the country. The profit on installing a
1 h.p. motor and accessories may not be
very large, but little fish are sweet. In
many rural districts it is easier to find 20
customers who can spend £5 or £1o than it
is to find one or two customers who can
spend £100 or £200.

The Westector.
An interesting application of the Westing-
house dry plate rectifier is described in the

article beginning on page 125. This develop-
ment 1s known as the Westector and can be
used in place of a rectifying valve in wireless
sets containing at leas. two stages of high
frequency amplification.

I.LE.E. Regulations.

We have much pleasure in acknowledging
the courtesy of Messrs. Evershed and Vignoles
for allowing us to use in this month’s issue
a number of diagrams taken from their new
publication, “ How to Avoid Electrical
Breakdowns.” Every reader interested in
this subject is strongly advised to write
immediately to Messrs. Evershed and Vig-
noles for a copy of the publication in question.
Write to Evershed and Vignoles, Ltd.,
Acton Lane Works, Chiswick, London,
W.4, mentioning THE PRACTICAL ELECTRICAL
ENXGINEER.

Luminous Signalling Systems.

We are fortunate in being able to include
in this month’s issue advance particulars
of some of the latest developments in
luminous signalling systems.

The author, Mr. S. W. Richards, of the
General Electric Company, has developed
the subject clearly by easy stages from the
simplest relay circuit so that readers who
have not specialised in this subject can now
bring themselves right up to date by a careful
study of this article.

Questions and Answers by Practical Men.

Since this new feature was started we have
had a great pressure on our space. This
feature promises to become one ot the most
popular in the magazine. We have been
obliged this month to hold over a number of
questions and answers, but readers may rest
assured that every letter is receiving atten-
tion and will be dealt with as and when our
space allows.

Have You Had Your Copy ?

We have examined a copy of the first part
of Sir Ambrose Fleming’s new work Princi ples
of Electrical Engineering. It is compiled on
original lines and makes study a pleasure,
Items included in Part 1 are “ Laboratory
Demonstrations,” ‘“ How to Read Electrical
Circuits,”” ““Resistance of Wires,”” ** Principles
of Neon Tubes, Cathode Ray Tubes and
X-Ray Tubes,” and ‘‘ Designing Electrical
Circuits.”” An excellent shillingsworth, and
we hear that the first number has been sold
out.
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THE UTILISATION OF SPACE IN DYNAMO
DESIGN

By Professor MiLes Wairker, F.R.S.

occupied mainly by four materials

(1) iron ; (2) copper ; (3) insulation;
and (4) air. In a good design the right
amount of space is allotted to each of
these. Although air costs nothing, the
spaces occupied by it inside a dynamo
increase the size of the machine and the
amount of iron and copper, and for that
reason the air space must not be un-
reasonably extended. If we had no air
spaces the cooling would be bad.

THE space taken up by a dynamo is

AIR SPACE.

The very greatest diversity of opinion
exists among dynamo designers as to the
allocation of air space. Before we decide
upon the amount of air to allow, we must
know how fast the air will be moving. In
turbo generators, where an elaborate
system of ventilation is provided and the
velocity of the blast reaches high values,
the total amount of air space is relatively
small ; whereas, in the old-fashioned slow-
speed, self-cooled machines the amount of
air space was relatively large. Two
important considerations must be kept
in view (—

(@) Enough air must be provided to
carry away the heat.

(b) Enough surface must be provided to
communicate the heat from the solid parts
to the air.

Calculating the Amount of Air Required
to Carry Away Heat.

The amount of air required can be
arrived at by making an estimate of the
total losses. The amount measured in
cubic metres per sec.

watts lost
" temp. rise of air X 1,150

This assumes a barometric pressure of

760 millimetres of mercury and a mean

temperature of 35° C. To get the volume
at any other pressure, p in millimetres and
mean temperature, T in °C., multiply by

273 + (T —35) o 760
273 ?

It is usual to allow a considerable
margin over the figure derived from this
formula because a good deal of air escapes
without being heated very much. The
margin to be allowed will depend upon
the system of ventilation adopted. Where,
as on a turbo generator, the paths for the
air are very definite, and one can rely upon
each channel for the air doing its share of
the cooling, only a small margin need be
allowed ; but, in general, one allows about
50 per cent. more than the amount
theoretically required.

Designing the Air Duects.

After deciding upon the amount of air
required, the next step is to allow a
sufficient area of cross-section of air ducts
for the air to pass through. The smaller
the cross-section of the channel the
greater the speed of the air, and therefore
the greater the number of watts which can
be passed to the air with a given tempera-
ture difference. But if the channels are
not given sufficient cross-section, the
pressure required to drive the air through
them will be too great. The pressure
required goes up as the square of the
velocity ; whereas the specific cooling
only increases as the first power of the
velocity. In many machines one is con-
tented with a mean wvelocity of about
3,000 ft. per minute, or, say, I0 metres
per second. Higher velocities than these
would, in general, require some special
form of blower. On small diameter
machines the wvelocity is still smaller.
This gives one an approximate idea of the
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amount of room required for the air
passages.

The provision of sufficient cooling
surface* to pass the heat from the solid
parts to the air is a matter which does not
fall within the province of this article.

APPORTIONING THE SPACE
BETWEEN IRON, COPPER AND
INSULATION.

The method to be adopted in apportion-
ing the space between iron, copper and
insulation depends on whether we are
dealing with an armature or a field
magnet.

D.C. Armatures.

In the case of armatures such as are
used for direct current
machines or synchronous
converters, the output

depends  upon  the AT
amount of space avail- §¢§
able in the armature; /g%

i
for the field magnet, %%%
being external, can be 2

made as large as we
like. In the case of
revolving field magnets
for A.C. generators, the
output is often fixed by
the amount of space
available in the field
magnet.  This latter
case we will consider
after we have dealt with
the D.C. armature.

Consider a D.C. arma-
ture of large diameter so
that the taper of the
tooth is not sufficient to greatly affect the
result. In Fig. 1 the slots and teeth are
drawn as if the armature had an infinite
radius. The effect of a taper is shown by
the dotted line.

The dimensions upon which the output
mainly depends are : (1) the cross-section
of the iron of the teeth; (2) the cross-
section of the copper ; (3) the thinness of
the insulation.

Fixing the Depth of Slots.
The greater the depth of the slots the

* See ‘“Specification and Design of Dynamo
Electrical Machinery” (Longmans).

%

SRl Te P i N

2-6 cms--->4

be--—-Sfot-pitch----

Fig. 1~—SHOWING THE SPACE Occu-
PIED BY COPPER, INSULATION AND IRON
IN A D.C. ARMATURE WHEN THE SLOT
IS I.I5 CMS. WIDE AND THE TOOTH
1S I.45 CMS. WIDE.
The effect of taper of the tooth is
shown by the dotted line.

more room there is for copper ; but to get
good commutation the slots must not be
made too deep. In actual practice it is
not found advisable to make the slot depth
greater than 1o per cent. of the pole pitch.
To fix upon the optimum depth of slot for
any particular machine is a rather com-
plicated matter as it involves the con-
sideration of the eddy currents in the
conductors as well as the effect of depth
upon commutation. For the purpose of
this article we will assume that the depth
of the slot is fixed at, say, 10 per cent. of
the pole pitch.

Thickness of Insulation.
The thickness of the insulation will
depend upon the voltage of the machine.
The amount of room
taken up will depend
T upon the number of
slots per pole and the
number of conductors
per slot. In D.C. arma-
tures the thickness of
the insulation depends
mainly on  getting
sufficient  mechanical
strength.

I
i Number of Slots per Pole.

In order to improve
the commutating con-
ditions the number of
slots per pole must not
be made too small. The
fewer the number of
slots the cheaper the
machine ; but designers
will not risk putting
very few slots per pole except on very
small machines. For machines of 100 kW,
and more, 10 slots per pole should be re-
garded as a minimum, and numbers up to
24 slots per pole are usual on machines of
large output. For the best commutating
conditions it is inadvisable to have more
than six conductors per slot, though eight
or even 10 conductors per slot are some-
times found operating well on fairly big
machines. One can work the copper at
a higher current density when fewer con-
ductors are used per slot, and this in a
measure compensates for the extra insu-
lation space required when more slots are

=
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used. When we are given a certain depth
of slot and a certain pitch of slot (Fig. 1),
and also a certain total thickness of in-
sulation per slot, the question arises how
shall we apportion the space between the
iron and copper.

The more room we allow for the iron,
the greater the total flux per pole, and
therefore the greater the voltage generated
for a given number of conductors.

The more room we allow for copper the
greater the current the conductors can
carry.

Since the output of the machine is
the product of voltage and current, it is
seen that both the iron and copper make
important claims for space, and since the
space is limited what we give to the one
must be taken from the other.

In order to see clearly how the output
of the machine varies as we alter the
proportions between iron and copper, we
may make a diagram like that shown in
Fig. 2.

The abscisse in this figure represent
distances along the periphery of the
machine or along the slot-pitch. To
simplify matters and fix our ideas, we
have drawn Fig. 1 as if the armature had
such a large radius that the taper of the
teeth can be neglected. In practice,
when the taper of the teeth is not excessive,
we may take the dimensions of the tooth
at one-third of a tooth length from the
bottom of the slot and then regard the
tooth as parallel for all practical purposes.
The slot-pitch has been taken as 2.6 centi-
metres. This would give 153} slots per pole
with a pole-pitch of 40 centimetres. The
circumference of the armature in a 10-pole
machine being about 400 centimetres.
The depth of the slot is 4 centimetres and
the depth of the copper 3 centimetres.
With six conductors per slot the total
thickness of insulation (on a 600-volt
armature) with suitable clearance would
be about 0.4 centimetre.

We set off the slot-pitch 2.6 centimetres
along the horizontal line at the base of the
figure and mark off 0.4 centimetre for
insulation and clearance. The remaining
2.2 centimetres are available for iron and
copper, and the problem is to find how the
output of the machine varies as we vary
the proportions.

How the Flux per Pole Depends on the
Size of the Teeth.

The total flux per pole will be almost
proportional to the width of the teeth.
To fix our ideas we will take the flux
density in the teeth at 21,000. Assuming
one ventilating duct 0.8 centimetre wide
for each 5 centimetres of iron, when the
tooth is I.I centimetres wide and the slot
1.1 centimetres wide the ratio of (iron -+
air space) to iron space is 2.8, and at an
actual flux-density of 21,000 the apparent
density is 23,000. Dividing 23,000 by 2.8
we get 8,200 as the density in the air-gap
when the 2.2 centimetres of space is
divided equally between iron and slot.
Above the point 1.5 centimetres, plot the
point B = 8,200. There will be about
5,000 A.T. on the pole, so that even if
there were no iron at all the flux density
would not be zero. The normal air-gap
of 0.5 centimetre would be increased to
4.5 centimetres, so that the flux density for
no iron would be :—

5,000
4.5 X .8

Plot the point B = 1,400 above the
abscissa 0.4. This is the case where the
slot space completely eliminates the iron
of the teeth.

Next take the case where there is no
room for copper at all. The ratio of
iron -+ air) to iron is now 2.6 X 5.8 to
2.2 X 5 or 1.37, so that a density of
21,000 in the teeth will give 15,400 in the
gap. Plot this point above 2.6.

The line marked flux density in Fig. 2
gives the density in the gap for any width
of tooth. The voltage generated is pro-
portional to the density in the gap. For
the purpose of this example it is con-
venient to fix our ideas and work out the
relation between flux density and voltage,
though it will be seen later that this
part of the calculation can be omitted in
actual practice.

Let the speed be 600 r.p.m., the axial
length of the armature 30 centimetres and
the ratio of pole-arc to pole-pitch o.7.
Then, as there are 93 conductors per pole,
600
60

= 1,400

volts = 0.7 X X 93 X 30 X 400 X

B x 1078,
When B = §,200, the volts = 64o0.
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We can plot the line marked volts in
Fig. 2.

We have taken the simple case where
the tooth density is constant Theoreti-
cally the density can be increased slightly
as the teeth are made narrower.

How the Current Depends on the Copper
Space.

Next we must see how the allowance of
room for the copper affects the amount of
current that the machine will deliver
without overheating. Let us allow 157 C.
difference of temperature between copper
and iron and assume that
the thickness of insulation

mately constant. It is true that when the
copper strap is wider the surface of the
coil is a little greater, but that fact is com-
pensated for by the poorer heat conduction
of the thinner teeth. So we may work out
the currents that can be carried by various
thickresses of conductor on the assump-
tion that the watts dissipated will be 1T0.
Since the resistance of the strip varies
inversely as the thickness and the watts
vary as [?R, an increase of the resistance to
double will reduce the permissible current
by the divisor 1.41 (the square root of 2).
Applying this rule at various points along

is o0 I3 centimetre, while T T8 o
the heat conductivity of o ‘S/ofp iech -t
the insulation is .00I2 S <[
watt per square centi- x AN COPPER| |24 [0
metre per degree difference 22— f—’% 220 L1700
of temperature. Then the 20 i NS P 00 |
heat flow (measured in ] ! (o 1A « [10%0
watts) per square centi- 7% ::&k_{ /RON : // 780 §c900
metre will be :— o761 -Q [ / S
B LA | Lt S AY 760Q 800
15 X .00I2 =- 0.I3 R R utpsA <& XMoo
= 0.138 watt. 8 e T/ NN 700 3
One metre of coil will have %7219 ' ’L?Z/ 5 — 720% - 600X
an effective area of 800 §slLh \JQ\PZ | ,‘,rj,é‘, 3 w0l
square centimetres, so it § |t~ in ] N7 S s00
can get rid of 110 watts. E Iy it ‘\\ 80 S 400
The I°R loss in a metre 3 6= fﬁfl 60~ | 300
length of coil ought not to  *~ [ TT e t
exceed this. In practice . = 40 200
there will be eddy currents z ‘ 20 |00
in the conductors which 0 I 0 0
0 07 04 06 08 70 72 74 16 78 20 27 24 26

will increase the losses, but
the allowance of 15° C. rise
above iron is so conserva-
tive that we may neglect
these eddy current losses.
They will, of course, take
up the temperature to points higher than
15° C. above iron.

In the case where the tooth is 1.1 wide
and the copper space I.I wide, the resis-
tance of the six conductors (each 0.3675 X
1.5 centimetres) in one metre length of coil
is 0.0022 ohm. The current I that can be
permitted in this case is obtained from the
equation :—

1% X .0022 = 110

I =224
The watts dissipated by one metre
1ength of coil may be taken as approxi-

Distances along S/ot-pitch.

Fig. 2 —DiagraM ForR Finping How THE Outpur oF A D.C.
ARMATURE VARIES AS WE CHANGE THE RELATIVE SPACES FOR
IrON AND COPPER, KEEPING THE INSULATION SPACE CONSTANT.

the abscissee and plotting the permissible
currents, we get the curve in Fig. 2 marked
(X3 ‘Amperes'))

How to Develop the Output Curve.
Multiplying the volts by the amperes
for various proportions between iron and
copper, we get the curve marked ‘‘ out-
put.” The figures in the margin give
output per pole. If the machine has 10
poles, we must multiply them by I1o0.
Thus the maximum output is 1,500, at the
abscissa reading 1.8. The copper space is
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here 0.8, making with the insulation a
slot space of 1.2 centimetres. This leaves
1.4 centimetres for the width of the tooth.

it is very important to observe, how-
ever, that the output curve is fairly flat
on the top. All the way between the
abscisse 1.4 and 2.05 the output is higher
than 1,400. That is to say, with a tooth
only I centimetre wide, leaving 1.2 centi-
metres for copper, we get the same output
as if we make the tooth 1.65 wide and
leave only o.5 for copper. And note that
over the whole of this range the output,
while it is over 1,400 kW, is never more
than 1,500.

Copper Space and Iron Space may be
Widely Varied.

This illustrates a fact well known to
designers of D.C. machines that the ratio
of iron space to copper space may be
varied over a fairly wide range without
affecting much the output of the machine
so long as we do not go to extremes. It
will be seen that after the copper space
has been narrowed to 0.4 centimetre the
output drops rapidly, and, of course, if
there is no copper there is no output. By
reducing the teeth and making them
narrower than I centimetre the output is
also rapidly reduced ; but we cannot plot
the curve for very narrow teeth without
introducing a number of other considera-
tions. When the teeth are very narrow
the heat conductivity along them can no
longer be relied upon to carry away the
heat received from the copper. Moreover,
the ventilation is bad. We have, therefore,
not plotted the “ amperes ”’ curve beyond
the 1.2 abscissa, where the tooth is only
0.8 centimetre wide.

End Connections.

The reader may raise the question:
How about the end-connections in a D.C.
armature 7 Do not these also limit the
output ? The answer is that with modern
systems of ventilating the end-connections
on D.C. generators the copper at these
parts keeps cooler than the copper in the
slots. There is no iron in their vicinity
creating additional loss, and the air blows
directly on the insulation of the coils, so
that we may have a permissible difference
of temperature of perhaps 45° C. between
copper and iron instead of only 15° C. as

we allowed in the above calculation. We
may in most modern D.C. generators rely
upon a good deal of the heat generated in
the slots being conducted along the copper
to the end-connectors. This still further
increases the possible output.

Choice of Proportions.

When we realise that the proportions of
copper to iron may be varied over fairly
wide limits without greatly affecting the
output, the question arises: Shall we
make rather narrow slots and wide teeth
or vice versa.

Twenty years ago, when iron was very
cheap and copper dear, one could save
quite a lot of money by making narrow
slots and running the section of the copper
down to a point corresponding to the
abscissa 2.2 in Fig. 2. This did not make
an efficient machine. It had a high iron
loss and a fairly high copper loss (con-
sidering the current output). The copper
was worked at a higher current density
than would be permissible in an ordinary
machine, so that the I2R losses were high.
Even in these days when iron is not so
cheap and copper is cheaper than it was
20 years ago, we may make a fairly
cheap machine by keeping down the
weight of copper; but the saving is not
worth while when the loss of efficiency is
taken into account. Machines with almost
equal slot and tooth spaces are made by
nearly all makers, though there is a
tendency to make the tooth rather greater
than the slot.

If we wish to build a machine which will
give a very high all round efficiency when
running at varying loads (often running
light), we should cut down the teeth and
put in more copper.

Consider two machines. One has a slot
I centimetre wide, there being three straps
side by side each 0.2 centimetre wide, and
the other has a slot 1.4 centimetres wide
with four straps side by side each 0.25
wide. The iron loss of the second machine
is reduced in a rather greater ratio than
4 to 3 for the same voltage generated,
while the copper loss at full load is only
increased 6 per cent. Now if the machine
is running light a good part of the day with
very little copper loss, the second design
is greatly to be preferred.
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THE INSTALLATION AND OPERATION OF
INDUCTION MOTOR/S

an increased demand for A.C.
motors of the induction type, and
in the following article are explained many
interesting points which have to be
considered when installing and putting
these machines into operation, with a view
to helping the engineer engaged on work
of this nature. Some of the information
will perhaps appear rather elementary,
but nevertheless all the details should
be carefully observed, and are particularly
useful to engineers at works which are
changing over to A.C. supply.
The Location of an Induction Motor.
The location of the motor is a primary
consideration, as it is essential that it be
placed where it is readily accessible for
inspection, cleaning, oiling or repairs.
Unless it is a totally enclosed machine,
every precaution has to be taken to
prevent it being exposed to moisture, dirt

DURING recent years there has been

of vibration when the motor is running.
The driving motor should be set in its
foundation in such a position to the
machine which it is driving to ensure that
the two shafts are parallel. This is so
that the rotor of the induction motor will
float in its bearings.

Precautions to be Taken When Lining Up
a Belted Induction Motor With the
Driven Pulley.

It is important that the position of
the motor with respect to the driven
machine should be arranged so that the
belt is tight enough to run without
slipping, but not too tight so that the
bearings become overheated. In order to
prevent the belt from wobbling, the crowns
of the two pulleys should be as nearly
similar as possible, with the Ilargest
diameter in the centre, so that the belt
will travel true and allow the rotor shaft

or coal dust. Adequate ventilation must to float. All dirt and grease must be
be provided, and
the motor should
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Fig. 1.—INDICATING THE RELATION BETWEEN THE
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Fig. 2—A TypicaL DjaGRAM OF CONNECTIONS FOR OPERATING AN INDUCTION MOTOR WITH AUTO-
TRANSFORMER STARTER.

wiped off the belt to prevent it slipping,
and it should stretch equally so that there
is no sidewise movement of the belt on the
pulleys.

Precautions When Aligning a Direct and
a Geared Motor.

When a motor is to be direct connected
to the machine which it is intended to
drive, the shafts of the two machines
must be in perfect alignment. Every
precaution should be taken to ensure
that the alignment is maintained, and the
foundation of each machine should be
such that there is no fear of vibration.

Where a motor is to be geared to its
load, the shafts must be adjusted to
absolute parallelism, and set the required
distance apart. Although the pinion
should fit securely on the shaft of the motor
it should not be so tight that it can only
be forced off when undue pressure is
brought to bear. If heavy blows or great
pressure are required to drive on the pinion

it is likely that the rotor conductors will
be moved out of place and damaged.

Size and Capacity of Conductors and Fuses.

Of course, the size of conductor to be
used is determined by the amount of
current the motor takes, this being
stamped on the name-plate in most cases.
The conductors and fuses for ordinary
service should have a capacity 1} times the
full load, but wherever there are heavy
starting conditions the capacity of the
fuses should be 24 times the fuli-load
current.

Operation.

The starting conditions of different
induction motors vary widely. Some
start with full-load current and full-load
torque, while others, operating under
similar conditions, require over twice
their full load current in starting. Single-
phase induction motors start with a lower
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torque and higher current than 2-phase
and 3-phase induction motors.

The starting of a squirrel-cage induction
motor by switching directly on the line
is liable to disturb the voltage regulation
of the A.C. system, since it involves a
heavy starting current amounting to from
four to seven times full-load current.

It is necessary, therefore, to employ
an auto-transformer, so that a reduced
voltage is applied to the motor during
starting, the current drawn from the line,
and the starting torque of the motor,
being reduced as the square of the reduc-
tion of voltage.

When supplying an auto-transformer,
manufacturers usually provide the custo-
mer with a wiring diagram and also
instructions regarding transformer tapping
connections.

Transformer Tappings.

In Fig. 1 are shown curves indicating
the relation between the ‘ percentage”
taps, starting current and torque. By
means of the curves and the following
table of starting current taken, and torque
given, by induction motors when connected
direct to the line, it is possible to find
approximately the current taken from the
line and the starting torque given by a
motor using any of the taps provided on a
typical auto-transformer.

In the following are given examples of
how to find the current taken, and torque
exerted at starting, by a 40 h.p. motor,
when using a 45 per cent. transformer tap.

To Find Current.

From the table of mean starting currents
and torques a 40 h.p. motor is found to
take, when thrown direct on to the line,

a maximum starting current of 5} times
that of full load. Look up the point on
the horizontal scale having the value of
“5.5"” and from thence follow a vertical
line to a point on the .45 per cent. tap curve,
then a horizontal line produced from this
point on to the left-hand vertical scale
gives the required value in terms of
“number of times {full-load current”
{(in this case 1.1 times full load current).

Conversely, it is possible by means of
the curves to find which transformer tap
should be used, in order that a fixed limit
for the starting current shall not be
exceeded.

To Find Torque.

From the table previously referred to,
a 40 h.p. motor gives, when thrown direct
on to the line, a minimum starting torque
of 1.25 times that at full load. Look up
the point on the horizontal scale having
the value ‘‘ 1.25 " and from thence follow
a vertical line to a point on the 45 per cent.
tap curve, then a horizontal line produced
from this point on to the left-hand vertical
scale gives the required value in terms of
“number of times full load torque” (in
this case 0.25 times full load torque).

Starting the Motor.

To start the motor the starting handle
must be pushed backwards into the
“ starting ”’ position, thus connecting the
transformer windings to the supply, and
the motor across a portion of the trans-
former windings, as determined by the tap
selected. The starter handle must be held
in this position until the motor is up to
speed, or the strong spring will bring the
handle back to the “off” position,
thus necessitating a fresh start.

H.P. Rating of Motor.

Approx. max. starting current
taken by Motor when thrown
direct on the line.

exerted by Motor when thrown

1’ Approx. min. starting torque
direct on to the line.

|

o5 to 1 4.5 times full load current .. < 1.0 times full load torque.

2, 5 5.5 . I ' .. 1.25 PR .

6 ,, 1Io 5.5 e vy . 1.25 ,, I .
11, 20 5.5 I Vs .. 1.5 ' [ .
21 ,, 40 5.5 I v .. 1.25 ,, b s v
41 ,, 100 6.0 ,, s . ‘ 1.0 ’ s "

100 ,, I50 60 ,, . ys ’s .. 0.66 ,, [N '
I51 ,» 300 6.5 ,, p Vs .. \ 0.66 ,, ) v
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STARTER.

When the motor is up to speed, the
““ starting ”” handle must be pulled rapidly
forward through the ““off ” position to
the “ running ™ position ; this cuts out
the transformer winding and connects the
motor direct to the supply through over-
current relays (if supplied).

Fig. 2 is a typical diagram of connections
for starting an induction motor by means
of an auto-transformer starter, while
Fig. 3 shows a diagram of connections of a
2-phase, 4-wire auto-transformer starter.

The operator should remember that
under no circumstances should the motor
be started by “inching,” that is by
throwing the starting handle a number
of times into the * starting” position.
This does not reduce the starting current,
but on the contrary, it causes a number of
successive high-current peaks, leading
inevitably to severe burning of the contacts
and overheating of the transformer wind-
ings.

Protective Devices.

In many cases where auto-transformer
starters are used, over-current relays
are fitted, and when the current taken by
the motor exceeds the value for which
the over-current relays have been
previously set, the latter operate—after a
time delay—and interrupt the circuit of
the under-voltage coil, this causing the
motor to be shut down.

In the event of the voltage failing, or
being considerably reduced in value, the
under-voltage release causes the starter
to return to the ““ off 7 position.

Shutting Down the Motor.

All that is necessary to stop the motor
is to press the button on the side of the
switch box (see Figs. 2z and 3). This
interrupts the circuit of the under-voltage
release, and shuts down the motor. In
this position both motor and transformer
windings are entirely disconnected from
the line.
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DEVELOPMENTS IN LUMINOUS SIGNALLING

SYSTEMS

By S. W. Ricuarps, M.E.

In this article Mr. Richards, who is an acknowledged authority on the

subject, gives a most interesting survey of present-day practice.

Thisis a

most valuable article for electrical installation engineers, wor kshop engineers
and engineers responsible for the maintenance of electrical equipment of
hotels, theatres, hospitals and other large buildings

THE advan-
tages of lumin-
ous signalling
over the ordinary
mechanical replace-
ment and pendulum
type of indicators
are generally known
and appreciated.

The possibilities
of luminous signal-
ling are infinite and
particularly varied,
and it is the pur-
pose of this article
to describe some of
the most recent de-
velopments in this
direction.

Ve
S
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Fig. 1.—THE SIMPLEST APPLICATION OF A

LuMINOUS SIGNALLING SYSTEM,

A circuit is given by pressing the push P,
which closes the circuit of the battery Br,
around the electro-magnetic relay R, which
then attracts armature A, causing contact to
be made at C. This closes the lamp circuit from
battery B and lamp L is illuminated while push
P is held closed.

basic idea of

logical step to
arrange for a small
spring catch to hold
armature A in
position when it is
attracted by the
relay and thus keep
the lamp lit even
when the push is
released. Thelamp
can be extinguished
and the relay reset
by releasing such a
catch with a lever
or push. This would
be called a locking
or resetting relay.
This gives us the

a luminous call, but

Basic Operation of a Luminous Signalling
System.

First, we must understand the basic
operation of such a system and in Fig. 1
is shown the simplest application of same,
shown schematically.

A signal is given by pressing the push P
which closes the circuit of the Battery Br,
around the electro-magnetic relay R.
This magnetises the

generally an audible call is required in
addition. If such audible call is desired to
operate continuously, it would be a simple
matter to connect a bell or buzzer in
parallel with the lamp so that the relay
would close both the bell and lamp
circuits.

Lamp Remains Lit Until Reset.
Usually, how-

relay which attracts
armature A and

ever, the bell is
onlyrequired to ring

contact is made

IAEEANIRIES)

during the time the

at contact C. This

R ‘__:‘ég

push is depressed,

closes the lamp T} N“ while the lamp
circuit from battery ) 82 should remain lit
B and lamp L is Rz . until reset.

illuminated  while f This is usually
push P is held performed as shown
closed. When push *Illl; g‘ in Fig. 2. Here
is released, the relay we see the same

is demagnetised and
the armature falls
back. It is only a

Fig. 2.—A SLIGHTLY MORE ELABORATE CIRCUIT.

This enables the bell to be rung only while
the push is depressed, but the lamp remains lit
until reset.

circuit as regards
the push operation,
but we have



108

THE PRACTICAL ELECTRICAL ENGINEER

November

two relays in series, Rr being a locking
relay and Rz being a non-locking relay.
When the push is pressed, both the relays
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Fig. 3 —THE PusH Lamp SysTEM UNIT.
Showing the relay coill R which attracts the
armature A. When the armature is attracted
it closes the bank of contacts C.

are energised, relay R1 attracting armature
which lights the lamp and Rz the armature
which closes the contacts of a bell G.
The armature of R1 being locked by the
trigger E remains in contact after the

push is released, but the armature of Rz
is released and the bell is silent.

This then, represents the basic principle
of luminous signalling.

The Resetting Medium.
Modifications and conditions require
the relays, bells and pushes to be in
¢ variouspesitions, but the usual piactice
inJuminous signalling systemsisfor the
resetting medium to be near the point of
call; for instance, in hotel, hospital or
ship installations, it is usual to have same
mounted outside or inside the door of
room where the push is fitted. The bell
or buzzer obviously is fitted in the service
room and also the source of the current.
It follows also that as there must be a
great number of calling points orerating
on the same bell, that the relay controlling
the bell should also be in the servery.
The signal light should be placed at a
convenient spot near the point of call,
usually in the form of an overdoor lamp,
and sometimes this is duplicated in the
service room.

Earlier types of apparatus consisted of
the overdoor lamp and a push button
resetting relay fitted alongside the door,
but the mest recent development is to
mount an indicating lamp inside the
resetting button.

The Push Lamp System.

This is done in the push lamp system
and a drawing of the unit is shown in
Fig. 3.

Here will be seen the relay coil R which
attracts armature A. This armature
when attracted clcses the bank of con-
tacts C. Immediately the aimature is
attracted to the relay coil, it releases the
spring loaded lamp tube L which locks
the armature in position. Inside the lamp
tube is fitted a small telephone lamp of
the tubular tyre. One terminal of this
lamp is continuously connected to one
pole of the supply system; the other
terminal of the lamp is connected to the
second spring of the contact bank. The
lowest spring is connected to the remaining
pole of the supply so that when the relay
is energised, the lamp is lit.

Pressure upon the lamp cap releases
the armature and so extinguishes the
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light. The remaining springs are con-
nected to the group or section lights
and function in the same manner.

Some Applications of the Push Lamp
System.

Having described the general principle
and the unit which is the base of this
system, we will consider some applications
of same.

Four Calling Points.
Fig. 4 shows one system where four
calling points desire to call to

call at central station ; it also gives to the
caller an indication that his call has been
registered and also when the person at
the central station cancels the call by
pressing the push lamp, indicates to the
caller that his call is being attended to.

Four-way Indicator in an Outside Office.

In the foregoing systems, calls are made
to a central station and the next system,
Fig. 6, shows a system where a central
station such as a manager’s room calls
out to a four-way indicator in an outside

a centre point, the calls being
audible as well as visual.

Here we see the supply wires
connected to the central station
indicator, the positive wire being
connected to the bottom springs
of each push lamp and also com-
moned to each of the calling

bbb

Cmus Banes

o

/‘__'__—'___.‘fﬂﬂ

pushes. The other side of the

calling pushes are each connected
to the relay coils of their res-
rective push lamp. The other

terminals of the coils are con-
nected in common and then
connected to one terminal of the

bell relay, the remaining terminal
of this relay being connected
to the negative terminal of the
supply.

It will easily be traced how this
system functions, the respective push
lamp being locked up by a call and the
buzzer simply sounding during the time
the push is depressed.

Ten-way Indicator.

Fig. 5 shows an elaboration of the
above system. Here we have a ten-way
indicator at a central station, on which
five ways are shown schematically., Ten
special call pushes are supplied, each
fitted with one push and a pilot lamp.
In this system we see that the relays are
energised in the same manner as formerly,
saving that no audible call is given in this
instance. When the relay is set up,
however, it lights both its own lamp and
the pilot lamp on its corresponding push,
which is shown connected to one of the
springs of the relay. This system fulfils a
dual purpose—it gives an indication of a

Lwar Lign.
wora feidr & mvEEER

Mprcazon

Fig. 4—DIAGRAM OF A SYSTEM WHERE Four CALLING
Points DESIRE To CALL FROM A CENTRE POINT, THE CALLS

BEING AUDIBLE AS WELL AS VISUAL.

office ; a logical elaboration of this system
would be to have four single-way indi-
cators fitted with Jamp and buzzer at four
different positions.

Referring to the diagram, we see a
four-way call unit fitted with four pushes,
P.U.C.V. and also four push lamp units.

Outside we have a four-way wall
indicator, fitted with four pilot lamps and
buzzer.

What Happens When the Push is Pressed.

Upon the manager calling any person,
he presses the corresponding push which
puts up his own corresponding push lamp.
This lights up the pilot lamp on the
indicator relating to the person called and
the buzzer is sounded during the time the
push is depressed. In this instance, the
bell relay is unnecessary as the distance is
usually short, the buzzer coils functioniilg
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desk unit and puts

up the push lamp

unit there. This

S| [~ """7 lights his own pilot
- L&@ ) {% @, @ | ilqmp which shows
=== Zgm | him that the call
— ! has Dbeen given.
@ ® ® ® ® | Upon receiving the
o1 call, the person

Lomawovs oo row comprisms 36 vesmiaes Called presses the
lamp cap and ex-

tinguishes both his

24v %o/zyw{&&pﬁm own and the man-

@,_

~

el B ELEl

Fig. 5—AN

fitted with one push and a pilot lamp.

in the same manner as the bell relay in
previous systems.

One advantage of this system is that if
the person called is absent from his room,
the manager can cancel the call.

A Modification of this System.

A modification of the above system is
shown in Fig. 7, where the manager again
calls out to members of the staff.

In this case, the

@ |© |0 |© (@

36 TABLE UNITS COMPRISING LAHP & PU;
ELABORATION OF THE SYSTEM SHOWN IN Fi1G. 4.
This is a 10-way indicator at a central station on which five ways
are shown schematically. Ten special call pushes are supplied, each

TRANSFORHER ager’s pilot lamp,

indicating to the

manager that his
call has been re-
ceived.

One slight draw-
back to this system
is that if the person
is not in his room,
the light remains up
until cancelled by
someone going to
his room.

This, however,
may be advantage-
ous in another way, as it would show the
person when returning to his room that a
call had been made.

To get over the above difficulties, a
system has been devised and patented
where the call can be cancelled from
either end. This dual-control system has
the advantage that it notifies the caller
when the call is answered, and allows the
caller to cancel his call. This is described

push lamp resetting

units are placed

with the staff, usual-
ly in the form of
desk units.  The
manager is supplied
with a desk wunit
consisting of a
multi-push  board
with a correspond-
ing number of pilot
lamps. When he
calls out to a mem-
ber of the staff he
sounds the buzzer
at the member’s

WALL WDICATOR

o1

e

T
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PUSH RBOARD

Fig. 6—ANOTHER TYPE OF SYSTEM IN WHICH CALLS ARE MADE A TO

CENTRAL STATION.
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later. Thisimproved system can of course
be used in a variety of ways and to
conform with varying conditions.

Application of Push Lamp Units for a
Hospital Call.

Fig. 8 shows an application of push
lamp umits for a hospital call and the
diagram shows a room in two sections
with their attendant overdoor fitting and
also the connections to the common
Servery or rooms.

It will be seen on this schematic drawing
that a three-way system is used, but only
two, viz.: the Maid and Nurse calls, are
taken along to
the serving
rooms. The re-
maining call is
an Engaged call
and only oper-
ates on the local

only cancel the push lamp and overdoor
lamp ; the section lamp would remain up
until all the calls were cancelled in the
section.

The overdoor ““ Engaged ”’ lamp is put
up by operating the switch provided on
the push unit. The push lamp unit is
fixed inside the room to indicate to the
patient that he had given a call.

A Master Indicator.

It might be desired that the matron or
someone in authority should have evidence
of a call having been made and to check

’

Burzea 2 3 t
=4 L@;J ~
—
Pospinnr
Aeser omry

lamp in the re-

setting unit and

the red lamp in

the overdoor
unit.

The calling
unit consists of
a two-way push

with an  ad- {- ('b &) o e
ditional switch l [ Ases
attachment. i e i s U
ok Baaro
What Happens
When a Call ¢ gesk units.
is Made.

Following the diagram, we see that if a
call is made for Maid or Nurse the reset
unit is energised and also the bell relay in
the serving room, calling either the Maid
or Nurse. Simultaneously, both the push
lamp and the coloured lamp in the serving
room are put up, together with the coloured
lamp in the overdoor unit.

In this case, red was used for the
“ Engaged *’ signal, green for the ‘“ Maid ”’
and amber for the ““ Nurse.” When the
attendant answered the call, she would
press the corresponding push lamp cap
and cancel the call, extinguishing all the
lamps.

With regard to this, if another call is
already up in the same section, she would

Fig. 7.—A MODIFICATION OF THE SYSTEM SHOWN IN FiG. 6.
The push lamp resetting units are placed with the staff, usually in the form

the time such call would remain un-
answered.

This is arranged by means of the
addition to the system as shown in Fig. 9.

Here we see the system as Fig. 8, but
with each push lamp unit connected to a
master indicator. This indicator is fitted
with pilot lights which are controlled in a
similar manner to the section or servery
lights, i.e., they would remain alight until
all units in the section had been reset.

‘“Engaged >’ and ‘‘ Enter >’ System.
Another feature of luminous signalling
which has been recently developed is the
“ Engaged ” and “Enter” system.
In this system—illustration of which is
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Fig. 8—AN AppLicATION OF PusH Lamp UnNits ForR A HospiTarL CALL.
Showing a room in two sections with their attendant overdoor fitting and also the connections to

the common servery Or rooms.

given in Fig. 10, a luminous indicator
consisting of a small box with the words
“Engaged” and ‘‘ Enter” written in
ground glass screens is fitted outside the
room door, either flush or surface fitting.
This is connected to a call unit placed
upon the desk of the person within the
room.

In the schematic diagram, the lever is
shown Dbeneath the essential contact
springs and magnet.

When the lever is depressed, it closes
two contacts and these emnergise the

electro-magnet through the pilot light on
the indicator and the ‘“ Engaged ~ light
outside the door. By the depression of
the lever, the armature on the end of the
lever is brought up to the pole piece of the
electro-magnet which, being magnetised,
holds it in the “ On ” position.

The magnet coils, however, are supported
on a flexible support, so that by a further
pressure on the lever, the magnet coils
allow a further travel of the lever, This
enables the lever to break the contact A,
extinguishing the “ Engaged ” lamp and
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Fig. 9 —How A MASTER INDICATOR CAN BE ADDED TO THE CIRCUIT SHOWN IN Fic. 8
Each push lamp unit is connected to a master indicator.
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often used, but the inherent disadvantage
of a rectifier is its fluctuating wvoltage
under a variable load.

This is not particularly disturbing where
relays and bells only are used in a system,
but where luminous signals are used, a
fluctuating voltage obviously means either
a lack of luminosity at one end of the
fluctuation, or burnt out lamps at the
other end. This can be overcome by
using a very much larger unit than what
normally would be necessary—the fluctua-
tion factor would thus be very much less,
with the normal load.

To explain this, a rectifier unit which
would give 24 volts with a load of 3 amps.,
might easily give 32 volts on open circuit
or 29 to 30 volts on .25 amp. Whereas,
if we were to have a rectifier to give us
24 volts at .25 amp., there would be a
considerable drop to apgFoximately 16—17
volts at 3 amps. and a maintained load at
this current would seriously overload
the unit. If, however, we obtain a unit
capable of giving 5 to 6 amperes at
24 volts, the ratio of voltage increase
when using .25 amp. is not so considerable,
but, naturally, such a unit would be
considerably more expensive than the
former.

How to Estimate and Determine Source
of Supply.

To estimate and decide upon our
source of supply, we must ascertain the
probable consumption, and for this, we
require to know the approximate current
of lamps, relays and bells in the circuit.

Adopting the voltage of 24 volts as

standard, we can assume the following
currents as being fairly approximate.

The small telephone tubular lamps in
the wunits consume .I amp. while the
festoon bulbs often used in indicators and
overdoor lamps take .25 amp. The
relays usually require 15 to 20 milliamperes
and small indicator and extension bells
take approximately .15 to .2 amp.

Assessing Total Current Required.

To assess the current required, it is
unnecessary to sum up the total possible
current required and act upon this; it is
usually sufficient to assume that in normal
installations, one-sixth to one-eigth of the
total current may be required at any
instant.

A.C. or D.C. Compared.

In comparing A.C. and D.C., the lamps
act in a similar manner with the two types
as respecting current consumption, but
in the case of relays and bells, the resist-
ance of the windings enters very seriously
into the calculations. It can always be
assumed that relays and bells require a
very much greater resistance when operat-
ing with D.C. of the same voltage as A.C.

As a concrete example, if we take the
push lamp unit referred to earlier in this
article—if this unit is used on 24 volts
D.C., the resistance is 150 ohms, while if
used on 24 volts A .C., the resistance has
to be reduced to 12 ohms.

This is, of course, due to the very much
increased impedance of an inductive
winding, where used on A.C. working.

A NEW THREE-IN-ONE VALVE

One of the most interesting of the
new types of wvalve produced recently

is the Mullard double-diode-triode,
Type T.D.D.4.
In the double-diode-triode, the two

duties of the valve—detection and amplifi-
cation—are carried out by separate sets
of electrodes. The T.D.D.4 consists of
two small diodes (or two-electrode valves)
and one triode (or three-electrode valve)
contained in one bulb, the only element com-

mon to all three sections being the cathode.

One method of using the T.D.D.4 is to
employ both diode portions for full-wave
rectification, the output of this section of
the valve being then passed to the grid
of the triode portion for low frequency
amplification prior to the output stage.

This valve also enables a more perfect
form of volume control to be applied,
namely that which is known as amplified
and delayed control.
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HEATER ELEMENT IN
CONTACT WITH THE KETTLE

C

AB

SYSTEM EARTH

WET FLOOR
ya

A MAN STANDING ON FLOOR
WITH HIS HAND ON THE
KETTLE AT CwiLL BE IN
CONTACT WITH THE LINE A

OF THE SUPPLY SYSTEM, HIS
FEET ARE IN CONTAGT WITH
LINE B THROUGH THE WET
FLOOR AND HE MAY THEREFORE
RECEIVE A SHOCK.

WOODEN TABLE 3
) ACTING AS INSULATOR |
EARTHED BY THE SUPPLY
UNDERTAKING AT SUB- STATION

OR POWER STATION

SHowiNng How A Smock May, UNDER CERTAIN CONDITIONS,
BE OBTAINED FROM THE CASING OF A PIECE OF APPARATUS.

(This and the diagram on the vight ave taken by permission of
Lid, from their publication

Messvs. Evershed and Vignoles,
‘“ How to Avoid Electrical Breakdowns.)

since it may be argued that he can scarcely
be responsible for the material of which
the floor is made or with which it is
covered. It is, I think, his job, however,
when called in to install or carry out work
upon an arc light, to point out to his
customer or client that this Regulation
is being disregarded if he finds that the
conditions do not conform with this
particular sub-section.

Earthing Terminal on Motor Frame.

Regulation 117 deals with Motors, and
Sub-section (B) states that: “ The frame
of every motor shall be provided
with a suitable terminal to which
the earthing lead may be con-
nected.”  There is only one
comment necessary here, and
that is obvious but very impor-
tant, the frame of motors must be
carthed.

STARTING.
RHEDSTAT

Position of Motors.

Regulation 118 deals with the s e
Position of Motors and should be
read by electricians carrying out
motor work, if only as a guide to
good practice. All the sub-sec-
tions, however, are so much
qualified and so vague and in-
definite that they cannot be
considered to be much more
than indicating good practice
and the principles involved.

TesT oN KETTLE BETWEEN
CIRCUIT AND FRAME OR
EARTH.

Control of Motors.

Regulation 119 deals with the Control
of Motors.

A. Every motor shall be protected by
efficient means suitably placed and so
connecled that the motor and all apparatus
in connection therewith may be isolated from
the supply ; provided, however, that when
one point of the system of generation or
supply is connected to earth, 1t shall not be
necessary lo disconnect on that side of the
system which is connected to earth.

B. Every motor shall be provided with an
efficient switch or switches for starting and

-

NOTE - SEE THAT & CONNECTION

15 IN GOOD ORDER

SUPPLY LINES

First TEsT To FRAME OR EAR1H ON MOTOR AND SWITCH-

GEAR

(Taken by permussion of Messis Evershed and Tignoles,
Lid, from thewr publication * How fo dvowd Electrical
Breakdowns.”)

TO EARTH £XISTS AND
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stopping, so placed as to be easily operated
by the person controlling the wmotor; and
every motor having a rating exceeding one-
half horse-power shall 1n  addition be
provided with :—

(a) Means for automatically opening
the circuit if the supply pressuve falls
sufficiently to caitse the motor to stop ;

(b} In the case of direct-current motors

CONDUCTORS
TO OTHER DISTRIBUTION
FUSE BOARD

BRANCH CIRCUITS
HIE N S

—r

CONDUCTOR F~_

being driven by a motor there shall be means
at hand for eithey switching off the motor
or stopping the machine if mecessary to
prevent danger.

The whole question of the control of
motors is very important, and it must
be borne in mind that in many places,
if not in most, where any large number of
motors are in operation, the premises are

likely to be governed by the
provisions of the Factory Act
and to call for a certain amount
of study of the Home Office

—

=

Regulations in this connection.

| IconoucTor G

>

~~coNDUGTORH

u SWITCH GLOSED

CONSUMERS MAIN
SWITCH & FUSES

® NOTE -ALL SWITCHES TO BE CLOSED
AND ALL LaMPS iN POSITION

-
v]

METE!

z i i | supPLY UNDERTAKING
i | MAIN FUSES

WATERPIPE DIRECT
TO MAIN

SUPPLY UNDERTAKING
CABLE TO STREET

FIG 14
FIRST TEST TO EARTH ON WHOLE INSTALLATION

TEST TO EARTH ON AN INSTALLATION WHICH IS ALREADY

CONNECTED TO THE SUPPLY MAINS.

Showing alternative methods of making earth connection.
(Taken by permission of Messrs. Evershed and Vignoles,

Lamp IN

POSTION  complete Isolation of a Motor

on Both Poles.

We are dealing here only
with the Regulations for the
Electrical Equipment of Build-
ings, and it must be noted
that in Sub-section A the
possibility of complete isolation
of the motor is called for on
both poles ; except that when
one point of the system of gen-
eration or supply is connected
to earth, this need not be
isolated. In the case of a
single-phase motor, operating
from one phase to earthed
neutral, a single-pole switch
isolation seems to fulfil the
conditions of this Regulation.
In actual practice the fact
that a neutral is earthed does
not necessarily mean that it is
not ‘“ alive.”” Sometimes an
out-of-balance potential arises
giving a fairly substantial po-
tential difference between the
neutral and earth at the points
where it may come in contact
with a human being.

Ltd., from their publication *“ How to Avoid Electrical Break-

downs.”

a starter or switch for limiting the current
taken when starting and accelerating ;
(c) In the case of alternating-curvent
motors, such starter or switch for limiting
the current taken, when starting and
accelerating, to the value (if any) requived
by the supply undertaking.
C. In every place in which a machine is

Starting and Stopping Switch.
Sub-section B asks, in the first place,
for a starting and stopping switch to be
placed in a position where it is easily
operated by the person controlling the
motor. Walking round many factories
to-day, one is apt to be struck by the
inaccessible position of starting switches
where, for convenience of wiring, the switch
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has been placed, perhaps, on the wall at a
distance from the actual motor and
machine which it is operating.

No Volt Release.

Sub-section (a) refers generally to what
is known as the *“ no volt release ”’ designed
to eliminate the possibility of a sudden
application of the full volt-
age to the closed and loaded

the ordinary electrician is unlikely to
find himself concerned with the Regu-
lations under consideration.

Regulation 123 deals with the General
Construction of Heating and Cooking
Appliances and contains Regulations which
are entirely the concern of manufac-
turers.

/ GONDUGTOR F

circuit, and also to avoid
the possibility of an idle
motor, which has ceased
working through some tem-

1§
ooao T ~C :@
CONDUCTORG, conoucTorH  Lame IN
w SWITCH POSITION
= T OPEN
[ =T = N = I =]

porary drop in voltage,
being regarded by the oper-
ator as being out of circuit.
It needs a very little intelli-
gence to realise the serious
possibilities of accidents

TEST (@) CONDUCTORS F. H AND
LAMP TO EARTH

 conpucTor F

which might arise from an
apparently idle motor sud- w
denly starting up without

the operation of any switch.

The other sub-sections
speak for themselves, though
Sub-section (c) is interesting,
inasmuch as it is one of
the few, if not the only,
reference in these Regula-

TEST(6) coNpucTOR &

tions to the necessity for
bowing to the requirements W
of the supply undertaking.

nnuag —
=I
oo oa

A = e — |
;—__—__j-» CoNDUETORG, \CONDUCTORH Lamp IN
SWITCH POSITION
OPEN
oaoao
TO EARTH
_________ / CONDUCTOR F
LampOUT

= ~

coNDUCTOR G CONDUCTOR H
SWITCH
CLOSED

Personally, I cannot see
that the requirements of
the supply undertaking,
which are in a sense of a
purely commercial nature,
have any place in technical
Regulations of this sort.

Sub-section C is, in
a way, a qualification
of Sub-section A, and appears to call for
push-buttons or some other immediate
control on or adjacent to the machine for
emergency stopping.

Regulations 120 and 121 are in much the
same category as Section 118, that is to
say, they represent good commonsense
precautions which should be taken, but
do not provide any serious pitfalls.

Lifts.
Regulation 122 again refers to Lifts,
which is such a specialist occupation that

TEST (¢) CONDUCTORS GaH
TO EARTH

Test To LocaTE FauLt To EARTH oN BRANCH CIRCUIT.
(Taken by permission of Messrs. Evershed and Vignoles, Lid.,
from their publication ** How to Avoid Electrical Breakdowns.”

Control of Heating and Cooking Appliances.

Regulation 124, however, deals with the
Control of Heating and Cooking Appliances
and is important to the electrician to
observe.

Sub-section A states :—

Appliances shall be protected either in-
dividually or collectively by a fuse on each
insulated pole.

B. Fized appliances shall be controlled as
a whole by a switch which may, if desired,
be on the apparatus. Portable appliances
may be controlled by a switch or switches
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C be served from one way of
v ; conpueror F a distribution fuseboard
hil r“ ILIEST < provided that a fuse on

WMWoR G

SWITCH
OPEN

First TeEstT BETWEEN CONDUCTORS ON WHOLE INSTALLATION.
(Taken by permission of Messys. Evershed and Vignoles, Lid.,
Jrom theiv publication ©“ How to Avoid Electrical Breakdowns.”)

on the apparatus, but shall be controlled as
a whole by a switch fitted on a wall or ceiling,
or by a plug and socket (where such are
permitled under Regulation 122) fitted on a
wall.

Note.—Where mnon-luminons heaters
or heating appliances, smoothing irons,
elc., ave used, an effective indicator such
as a red pilot lamp 1s desivable.

C. Where a switch or switches are fixed
on the frame of a portable luminous heating
appliance, at least one section of the heating
element shall not be controlled by such
swifches, so that the Iluminous heating
element is permanently connected to the
wall plug or similar device in order fo
indicate that the circiit is

conovetor H

NOTE - TEST 1S BETWEEN
CONDUCTORS SHOWN IN
THICK LINES AND
CONDUCTORS SHOWN IN
THIN LINES

each leg is provided. This
clearly is not intended to
suggest that large current-
consuming appliances, such
as electric fires, can be
grouped under a collective
fuse of this sort. Indeed,
Section 935, which I have
already dealt with in this
series (August, 1933), must
be regarded as an over-riding
Regulation and taken into
consideration when apply-
ing the requirements of the
Section that we are at the
moment considering.

LAMP IN
POSITION

Fixed Appliances.

Sub-section B refers to fixed appliances,
and I think the term * fixed” here is
intended to cover all appliances which,
from their weight or from any other reason,
are not conveniently transportable such as
electric cookers, etc., in addition to the
definitely fixed appliances such as water-
heaters ; it is to be noted that in such
cases they shall be controlled by an
independent switch.

Use of Pilot Lamps.

With regard to the Note as to the use of
pilot lamps, some modification is probably
desirable in this case. There is no doubt

broken and that current is

1

CONDUCTOR F~

still flowing.
The phrase “heating and
cooking appliances ” is apt

| I

|_JconoucTor G GONDUCTORH”  LAMP REMOVED

to suggest something in the
nature of electric fires or
cookers only; in point of
fact it includes independent
hot plates, irons, toasters,
and a lot of small appliances,
and this apparently explains
the implicit permission given
in Sub-section A for such
appliances to be protected
collectively.

According to Sub-section
A, a number of circuits
serving such appliances can

AB

SWITCH
CLOSED

SEcoND TEST BETWEEN CONDUCTORS OX WHOLE INSTALLATION
{ Taken by permission of DMessrs. Evershed and Vaignoles, Ltd.,
from thewr publication * How to .dvoid Electrical Breakdowns )
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Red
pilot light,
A

section thereof, with all fuses
in place and all switches
on, a divect current pressure
of mot less than twice the
working pressure. Where the
supply is derived from a
three-wire  (alternating  or
divect curvent) ov polyphase
system the neutral of which
is conmected to earth either
dirvect or through added ve-
sistance, the working pressure
shall be deemed to be that
which is maintained between
the outer or phase conductors
and the neutral.

(b) The insulation resist-
ance of an installation

APPARATUS FOR PUSH-BUT-
TON CONTROL.

satisfy both the installing engineer and
client and also to satisty the supply
undertaking that the installation has an
insulation resistance sufficiently high to
connect up. For it is laid down—and
here we come into contact with one of
the very few statutory regulations referring
to electrical installations—that a certain
standard of insulation must be reached
before the supply undertaking is em-
powered to connect up to its mains.
But the conscientious engineer will look
over the entire installation, in addition
to taking the prescribed tests, before he
hands it over as being in perfect order.

In addition, it must be remembered that
the initial fest must not be taken as a
guarantee against deterioration for many
years, but that a periodical test is extremely
desirable, if not necessary, in the case of
most electrical installations,

Requirements to be Complied With.

Regulation 127, which is entitled Test-
ing : Requirements to be Complied with,
states: ‘“ Before an installation is per-
manently put into service it shall comply
with the requirements of the following
tests :—

A. Insulation Resistance :—

(a) The insulation resistance shall be
measured by applying between earth and
the whole system of condictors or any

CooKER CONTROL SWITCH
witd PrLor LIGHT.

measured as in A (a) above
shall not be less in megohms
than 25 divided by the number
of points on the circuit,
provided that—

(1) Any installation shall not be
required to have an insulation resistance
greater than I megohm ;

(i) Lighting circuits shall be tested
with all lamps in place, except in the
case of earthed conceniric wiring
systems |

(iii) Heating and power circuits, with
or without lLghting points, may be
tested, if desived, with the heating and
power appliances disconnected from
the circuats, but with the lamps (if any)
in place ;

(iv) The insulation between the case
or framework and every live part of each
individual dynamo, motor, heater, arc
lamp, control gear or other appliance
shall not be less than that specified
in the appropriate British Standard
Spectfication, or, where there is no such
specification, shall not be less than half
a megohm.

Note.—In addition to the foregoing
tests, it is advisable, wherever practicable,
to take an insulation test between all
conductors connected to one pole or phase
and all the conductors connected to the
other pole or phase of a system.

B. Continuity of Metal Sheathing:—

The metal conduits or metallic envelopes
of cables in all cases where such methods
are wused for the wmechanical profection of
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NOTE!= ALL SWITCHES CLOSED AND
ALL LAMPS REMOVED

TESTING A BrRaNCH CIRCUIT WHERE SEVERAL PoINTs ARE LoorED TOGETHER,

(Taken by permission of Messrs. Evershed and
Avoid Electvical Breakdowns.”

electrical conductors shall be tested for
electrical  continuity, and the electrical
resistance of such conduits or sheathing,
measured between a point near the main
switch and any other point of the completed
installation, shall not exceed 2 ohms.

C. LEarthing -—

(Investigations are being made with a view
to specifying the conditions vequived for the
satisfactory earthing of an installation,
and 1t 1is proposed lo include such specifi-
cation i1 a later edition of these Regulations.)

Here, then, in a comparatively small
compass, we have what may be considered
the official tester’s bible ; whatever other
fancies he may have as to ensuring that an
installation is in order, he must observe
the requirements of this Section 12%.

Making the Measurement.

The actual measurement of insulation
resistance called for, it will be noted, is
not between pole and pole—a very
common fallacy—but between all con-
ductors bunched and earth. The test may

Vignoles, Ltd., from their publication ** How to

be taken in any convenient manner by
which, given the voltage and the current,
the resistance can be calculated ; or, as
is more usual, it can be taken on one
of the instruments known as an Insulation
Tester, which is designed to do this
mathematical calculation itself for the
operator and record in terms of ohms and
megohms the insulation resistance reading.
It is important that a good earth be
obtained for the earth connections of the
insulation testing apparatus, and it is
usually found that there is adjacent some
water pipe which has a direct connection
with earth. Unless the conduit or sheath-
ing has been already tested and proved to
be satisfactorily earthed according to
Sub-section B, it is unwise to use such
conduit or sheathing as the earth connec-
tion for insulation testing.

Pressure.

Reference is made in Section 127 (A) to
the application of a pressure of at least
“twice the working pressure.” Since,
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to all intents and purposes, in two-wire
installations the working pressure to-day
never exceeds 250 volts, the pressure of
500 volts—which is usually applied in
such instruments as the Insulation Tester
mentioned-—satisfies this condition. In the
case of three-phase motors operating,
for instance, at 415 volts, it will be in
accordance with the Regulation to con-
sider the working pressure only to be 230,
that is to stay, the pressure between the
phase-conductor and the neutral.

Measuring Insulation Resistance of an
Installation.

Sub-section A (b) merely calls for a
mathematical calculation and, to make
matters a little clearer, perhaps I may add
that if we have an installation with Ioo
points, the insulation resistance must not
be less than one-quarter of a megohm,
that is 250,000 ohms. On the other hand,
if we have an installation with only five
points, our mathematical calculation will
give us a minimum of five megohms,
but this is not required owing to the
provision of A (b) (i).

The Note at the end of this section
suggests that, where practicable, it is
desirable to take the insulation test
between conductors as well as between
the bunched conductors and the earth.
The reason for this is obvious, since it is
possible to have a short circuit between
conductors (where neither conductor is
at earth potential) which will not neces-
sarily show itself at the time.

Continuity of Metal Sheathing.

With regard to Sub-section B—Con-
tinuity of Metal Sheathing—the usual
practice in the past has been to test for
continuity by means of a 4-volt battery
and a bell; that is to say, to make an
artificial circuit which contains as part of
the conducting circuit the whole length

of tube or sheathing to be tested ; if the
bell rang the continuity was considered
to be O.K. Recently, however, there has
come on to the market an insulation tester
which incorporates a switch by which
readings of low resistance can be taken.
This makes it possible to use the same
instrument both for testing the insulation
and subsequently for testing continuity.
It has the great advantage that one does
in this manner get a definite record as to
whether or not the continuity satisfies
these Regulations by not exceeding 2 ohms.

Care Required in Making Additions to
Existing Installations.

Finally, Regulation 128, which is en-
titled, Care Required in Making Additions
to Existing Installations, is self-explana-
tory, but should be quoted :

Before an addition is made to an existing
installation care shall be taken to ascertain
whether the existing conductors, swifches,
efc., affected by the additions are of sufficient
capacity for the augmented current which
they may have to carry.

Note.—Alternative phig positions are
often provided for electric heating appli-
ances, and in such cases 1t should be
ascertained whether the existing con-
ductors are of sufficient size to allow of the
silmulianeous nuse of apparatus connected
to more than one plug.

Only too often where alternative plug
positions are provided for electric heating
apparatus the circuit wires are not capable
of carrying sufficient current to cope with
both these alternative plug sockets if they
are simultaneously loaded. Whatever
may have been the original intention of
the consumer, the existence of two plug
sockets may prove too great a temptation
and cause him to use both at the same time.
Hence the necessity for careful observance
ot this Regulation and Note.
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must not be a
blocking conden-
ser In  series
with the tuned
coil.

A suitable
value for the load °
resistance is
100,000 ohms.
By the addition
of a reservoir
condenser, the
output of the
Westector may
be increased, the
maximum size of
this condenser
being limited by
the range of audio
frequencies it is
desired to receive.
A suitable value
is 0.000I mifd.
The L.F. output

from this load
circuit is fed to
the  succeeding
LF.  amplifier

through the con-
denser C to a
transformer, L.F.
choke or resist-
ance coupling. By
employing  the
Westector in the
above way, the
Teservoir con-
denser is used to
obtain a valuable
amount of filter-
ing of the LT,
a result which
cannot be ob-
tained by any
other  detector
circuit except the
double diode.
Further filtering
can be obtained
in the usual
manner by insert-
ing an LF. choke
and an additional
0.000I mfd. con-
denser,
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Double Diode
Westector
Circuit.

A double
diode Westector

circuit is shown +(RED

HT

in Fig. 4. The
only advantage
of this circuit
over that
described is a
further im-
provement in
filtering, but this
improvement is

I
K
il
LLIN

0001, MFD =

u
100,000 ORMS

not sufficient to L
merit the addi- )
tional complica-

tions involved.

TO SUBSEQUENT
L F AMPLIFICATION

4

Fig. 8.—SMALL PoweR VALVE OUTPUT WITH INTERMEDIATE L.F, VALVE
REsisTANCE COUPLED,

70,
SUBSEQUENT
AMPLIFICATION
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0001 WD ==

100,000 OHMS

Fig. 9A.—PoOWER Grip CIRCUIT
BEFORE CONVERTING,

Amount of L.F.
Amplification
Required.

Figs. 5-8 are
examples in-
tended as a guide
to the amount
of L.F. amplifi-
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Fig. 98,—CircuiT AFTER CONVERTING.
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* rd
cation required 1 L ]
when the Westec- f
tor is used as —
recommended.

When it is desir-

able to use an L.F. amplifier in con-
junction with a gramophone pick-up, an
intermediate L.F. valve is necessary, and
the pick-up should be connected at the
points marked P.U. in Fig. 8.

Fig. 10.—CircUIT FOR AuTOoMATIC VOLUME CONTROL.

Converting an Existing Receiver.

Figs. 9a and 9B show a typical conver-
sion from a power grid to a Westector
unit, in which the released valve has been
arranged as an L.F. amplifier. This
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and one controlled
H.F. stage with all
subsidiary appara-
tusomitted. Itmust
be understood that
the load resistance
and detector are
arranged to provide
a point at negative
potential with re-
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spect to earth. The
voltage across this

Fig. 11.—METHOD OF OBTAINING DELAYED AUTOMATIC VOLUME CONTROL
This and the previous diagrams are taken from ‘“ The All-metal Way,
1934, published by the Westinghouse Brake and Saxby Signal Co,

Ltd.

conversion should only be made when the
power grid detector is easily overloaded, as
otherwise it is unlikely that the available
input voltage will be sufficient to operate
the Westector to its best advantage. In
making such a conversion care must be
taken to see that there is a D.C. conducting
path through the preceding tuned circuit,
while it may be found necessary to re-
adjust the trimming condensers on the
preceding LF. transformer after converting
to the Westector circuit.

Automatic Volume Control.

Figs. 10 and 11 show how the Westector
can be used as a means of obtaining auto-
matic volume control. Fig. Io gives a
typical theoretical circuit of a detector

load resistance isnot
steady D.C. but has
the L.F. component
superimposed upon
it, and this com-
ponent must not be allowed to feed back
into the grid circuit of the H.F. valves.
To avoid this a resistance-condenser filter
is used. The valves of components used
are such as to give good filtering down to
the lowest probable audio frequencies and
yet, at the same time, leave the response
quick enough to follow the fastest likely
period of fading.

Amethod of obtaining delayed automatic
volume control is shown in Fig. 11, the
function being to make the automatic
volume control inoperative on moderately
weak signals and only begin to function
on signals of more than a certain preset
value. The potentiometer R determines
the particular value at which the control
becomes operative.

NEON TUBE PRACTICE

The practical application of Neon
lighting is a subject that is rapidly becom-
ing of increasing importance to electrical
engineers. We Dbelieve, therefore, that
many readers will be interested in Dr.
W. L. Schallreuter’s book, * Neon Tube
Practice ”” (Blandford Press, Ltd., o0s. 6d.).

Dr. Schalireuter covers the subject
from many angles. Not only does he
give some very interesting details about
the physical and electrical conditions of a
gas discharge, but he deals thoroughly
with the practical use of Neon and the
erection of a Neon sign.

Dealing with the question of electrodes
and the pressure in the tube, he says :—

“ For pure neon gas, the most favourable

pressure regarding conductivity and effi-
ciency is approximately .95 mm. (roughlv
soo of an atmosphere). With such pres-
sure the efficiency of neon is .64 watt per
candle power, so that such tubes do not
compare unfavourably even with the
best gas-filled incandescent lamps. In
practice, however, neon tubes must be
filled with a pressure of at least 5 to 15
or even 25 mm. (Le., from 115 to J4 of
atmospheric pressure).”

Perhaps one of the most important
chapters from our readers’ point of view
is that dealing with the electrical supplv
for Neon tubes.

A wuseful and interesting treatise for
the serious student of the subject.
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from moisture and since the compound is
a better heat conductor than dead air,
cooler operation of the pulley is secured.

How the Coils Are Connected.

The coils are all connected in series and
terminal wires brought through a hole in
the centre of the shaft to a pair of
collector rings fixed far enough beyond
the edge of the pulley to permit a bear-
ing between the collector rings and the
pulley.

A tubular brass spacer which also
performs the function of a coil shield, is
placed between adjoining steel discs.
After assembly the pulley is turned and
crowned.

Main Features of a Magnetic Separator.
In judging a magnetic separator pulley

Tar PRINCIPLE OF THE MAGNETIC PULLEY.

The separator pulley is inserted in the con-
veyor line to the mill and as the material passes
over the pulley, the tramp iron is attracted
and held firmly against the belt until it leaves
the magnetic zone which is at a point beyond
the underside of the magnetic pulley.

it should be borne in mind that dimensions
and weight are not the only features to
be considered; in fact, two separator
pulleys of the same weight and dimensions
could be made that would not be of equal
efficiency. One may have less copper and
more steel to secure a cheaper construc-
tion, while the other, which has an
abundance of copper and is not cheap,
may be spoiled by the lack of steel in the
magnetic circuit.

Magnetic pull varies as the square of
the number of lines of force per square
inch of pole area, from which it may be

seen that a small reduction as from
100,000 lines per square inch to go,000 lines
per square inch reduces the pull to 81 per
cent. Too much steel in the poles reduces
the number of lines of force yer square
inch just as too little coprer does.

The windings, if placed near the shaft
instead of near the outside of the pulley,
will require much less coprer but the
efficiency will be reduced on account of
excessive leakages.

The pulley is magnetised by passing
direct current through the coil winding in
its interior.

The current sets up a magnetic flux
which passes through the belt and attracts
any iron or steel that may be contained in
the material carried by the belt.

Large Diameter Pulleys Give Best Results.

It should be borne in mind that large
diameter pulleys will in every case give
better results than those of small diameter
from the standpoint of magnetic separation
and will reduce wear and tear of the belt.

Assuming the belt speed to be the same
in both instances, it is obvious that the
rate at which the direction of motion of a
plece of iron or steel is changed will be
lower on a large diameter pulley than on a
small one; consequently with the same
intensity of magnetisation of the separa-
tion accomplished by a large pulley will
be more perfect than that by a small one.

From the standpoint of belt life, the
desirability of wusing a large diameter
pulley is universally recognized. The
pulley diameter must be large enough to
give the required traction and to suit the
thickness of the belt. Good practice
allows 3 inches diameter per ply; as for
example, 18 inches diameter for a 6-ply
belt.

When Small Diameter Pulleys Would Be
Permissible.

Small diameter pulleys, however, are
much lower in first cost, and where a short
belt is installed, their use is permissible.
Where conveyor flights are long and
esrecially where the magnetic pulley is a
driving pulley for the conveying belt
system, it is frequently economical to use
a large diameter narrow face pulley
because of the saving effected in the cost
of a narrow belt.
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Use P.0. Type Protectors.

Where more than six pairs of wires are
to be used, the most suitable arrange-
ment is to provide P.O. type 4106 pro-
tectors, fitted with heat coils and an alarm
bell circuit, and wired in such a manner
that a short circuit on one of the lines will
drop one or both of the heat coils in circuit
with that line and operate the alarm bell.
The alarm bell transformer should be
wired in parallel with the mains trans-
former to the amplifiers so that there is
no fear of the alarm bell operating in
the middle of the night or at some time
when no operator is in attendance. This
precaution may seem unnecessary, but is
nevertheless advisable, experience having
proved that whether amplifiers are operat-
ing or not, one never knows what some
“ kind friend ” may couple to the lines
elsewhere.

Adjusting the Coils for Different Currents.

This type of protector is obtainable
from Standaid Telephone and Cables, Ltd.,
Hendon, and the heat coils which are
designed to operate at .5 amp. may readily
be adjusted for different currents
according to the size of the lines and the
amplifier which is feeding same. This is
done by shortening or lengthening the
coils as may be necessary and reading
resistance on an ‘‘ Avometer.”

For a medium-sized station supplying,
say, up to 1,000 subscribers, about six
pairs of lines should be provided for single-
programme working and six sets of four
wires for duwal programme, whilst for
larger stations lines should be provided
for each 200 or so loud-speakers as
necessary. If, however, wayleave diffi-
culties arise, there is no great difficulty in
arranging as many as 500 subscribers
on one line.

The Distribution Pole or Mast.

Where it can conveniently be arranged,
it is perhaps best for the distribution pole
or mast to be some distance, say 50 yards,
from the station itself in order to isolate
same from the aerials, and lead-covered
cables, underground if possible, run from
the station to the point of distribution.
These lead-covered cables act fairly well
as condensers in case of lightning and cut

down a certain amount of static inter-
ference. In any case, the distribution
post for the lines should conveniently be
arranged so that in case of mysterious
faults, tests can readily be made to ascer-
tain whether the fault is in the outgoing
leads or in the open line. It is also ad-
visable that this mast should be as high
as possible in order that longer shots
may be taken if nearby wayleaves are
scarce.

Wire and Cables.

Systems at present in operation employ
open-span wiring with bare conductors,
two-core insulated cables with self-con-
tained earth wires, open-span wiring with
insulated conductors, certain amount of
underground wiring, suspended lead-
covered multi-core cables and lead-covered
cables running along masonry. Suspended
insulated conductors often develop numer-
ous minor faults and they are only suitable
for erection on permanent runs. The
most popular system by far in this country
is, therefore, that of open span wiring,
whilst chiefly on account of cost and to
keep down weight, bare conductors pre-
dominate.

Insulators.

To facilitate testing, all insulators used
for radio relay work should be of the
double-groove type in order that the loops
may be cut when necessary to isolate a
portion of the line. Where single-groove
insulators are used it is often found neces-
sarv to unpick one wire and remove it
from the insulator altogether before a
test reading can be taken, otherwise both
wires being in the same groove cannot be
separated

On a small syvstem, say up to 500 loud-
speakers, fairly good results can be ob-
tained by using reel-tvpe insulators if
these are of the two-groove variety. This
type of insulator is much cheaper to erect
and can be made very neat in appearance,
but owing to its short leakage path to
the bolt it is not advisable to use reel
insulators where large networks are con-
cerned. The most popular type is, there-
fore, the Sinclair double-groove, double-
skirt pattern used in conjunction with
P.O. or similar types of brackets.






134

THE PRACTICAL ELECTRICAL ENGINEER

November

Inside the Building.

Inside the building, as near to the point
of entry as possible, protection devices
should be fitted which also provide a
connection for the cheaper form of bell
wire which is used to carry the programmes
to the point where the loud-speaker is to
be installed.

Best Form of Protector.

The best form of protector is found tobea
fuse of about 60 milliamps.carrying capacity
one of which would be used in each lead;
the usual form of tubular fuse, fitted in
a miniature screw holder, is quite suitable

When these types of fuses are used,
samples should be carefully tested to
ascertain their fusing point, which should
not be over 100 milliamps. ; they should
also be tested in the relay station to
ensure that the output from the ampli-
fiers is sufficient to break them down.
As a guide in this respect, a pair of DO25’s
or LS5A or similar valves will easily
break down a 6o-milliamp. fuse if the
amplifier is not already overloaded.

Branch Lines.
Where a spur is taken from a single
pair of lines a double bracket with four
insulators should
be used to avoid

Cotton (Q} iy
Tinfoil &N

Waxed.
cotton

the necessity of
two wires being
in one groove and,
to facilitate test-
ing, whilst where
a spur is taken
from a two-pair
line, precautions
must be taken
against the wires
branching from
inside the bracket
making a contact
with the outside
pair at the point
where they cross.
It is quite com-
mon to see two
or more brackets
attached to a
chimney in order
to get over this

DETAILS OF THE INSULATORS FOR USE witH RaDio RELAY LINEs.

A, B, C and D show various types of insulators ; E shows how the end of
the lead-covered cable is exposed ; F the method of erecting band bracket
round a chimney stack ; and G and H, how two wires are joined at an insula-
tor. In connection with the band brackets, it should be noted that these are
strapped round the chimney by means of galvanised stay wire, corner plates

and draw bolts.

for this purpose, but a much neater effect
is obtained by using the new four-way
fuse holder designed for this purpose by
Belling Lee, Ltd. This device has also
the advantage that it may be sealed to
prevent interference by unauthorised per-
sons.

difficulty, but a
much simpler
remedy is found
in the cranked
type of bracket,
which isarranged
so that one wire
from each pair
crosses mid way
between the other pair, and there is no
danger whatever of a contact unless the
spur is taken at an angle very far from the
horizontal.
DUAL PROGRAMME LINES.

Precaution Against Cross Talk.

In dual programme, four-wire circuits
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precautions have to be taken against
cross talk, the commonest being the
transposing of wires. The most efficient
and simplest method is to carry one pair
of lines straight through and trans-
pose the other pair at frequent inter-
vals. In telephone circuits a special type
of insulator is often used for transposing,
these having extra grooves and a small
extra skirt to provide for the lines being
changed over between the insulators,
but for radio relay work where higher
voltages are employed it is advisable to
use six insulators on a transposition
bracket.

A Good System of Wiring.

A good system of wiring for dual pro-
gramme is to use white insulators for
one programme and brown for the other.
Thus at a transposition point, two white
and four brown insulators would be em-
ployed, if the brown line was the one
to be transposed. Transpositioning should
be arranged in the case of heavy systems
at about every fourth bracket, and it is
often found good practice to use a trans-
position bracket in every case where a
spur is tapped cff from the main line.
If the spur is a large one, further trans-
positions will also be necessary along
the spur itself.

In the case of small spurs with, say,
four or five spans and no transposition,
care should be taken to see that two
adjacent spurs are not connected in the
same phase relation. The lead-in wires
used for this purpose should be two sepa-
rate twin lead-covered cables with their
coverings bonded and earthed, or a
four-core cable, laid up in pairs and
screened between the pairs. These cables
should be connected to the lines by means
of a joint box and sealed leaders as
previously mentioned.

Testing.

To facilitate the location of faults and
to restrict the area affected by these faults
when they occur, test boxes with pro-
tection devices should be arranged at
each point where the spur leaves the main
line—an illustration of a test box con-
taining eight fuses for D.P. lines appears
on page 13I. In the lid of each box
is inserted a card, duplicates of which

should be kept in the engineer’s office
for reference. With the use of these
boxes it is not necessary for a linesman
to be particularly familiar with the lines,
as the card in each box bears the address
where the next box on the line is and
also what spur is affected. It is, there-
fore, only necessary to work from box
to box to the point where the fault is
found to be back along the line, then
examine the line between the two boxes,
whilst the fuse can be left out at the
last box, thus leaving only a portion of
the line dead until the fault is cleared.

Earth Leaks.

Earth leaks on radio relay lines should
be particularly avoided, especially in the
case of dual programme working, as two
earths on a transpositioned line, if they
occur on the opposite wires, produce, if
not a short, a very heavy load on the
line in question; whilst earth leaks on
two lines which may be a mile apart and
in no way connected, can, if they occur
on opposite programmes, produce puzzling
cross talk effects. For this reason it
should be the duty of the station operator
to read the resistance of each line to earth,
first job each morning, in order that these
faults may be remedied without delay.
For earth leaks and short circuits on the
line an Avometer is invaluable, readings
being obtainable over very useful ranges
without the trouble of operating a genera-
tor, as would be necessary if a megger
were used.

Crossing Streets.

Difficulty may be experienced in erect-
ing wires over busy streets, but a little
ingenuity greatly simplifies the task.
Where a busy street has to be crossed by
wires it is generally best to erect the
ladders at the rear of the buildings on
each side; the linesman on each building
then lowers an end of his rope, which is
an indispensable part of his equipment;
during a lull in the traffic the ends of
the two cords are joined together; one
linesman should then draw up the cord
as far as possible and attach the free end
of his own cord to it, the man at the
other side then draws the cord across
until the knot reaches him and taking
the free end of his own line ties the two
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ends together, forming an endless rope
over the street.

This operation can be carried out un-
obtrusively and the coils of wire can then
be passed to and from each building at
will. Where tram wires have to be
crossed, insulated wire must be used, and
after all preparations have been made to
ensure a quick crossing a telephone
message to the tramways depot will
usually result in the tower waggon being
immediately on the spot and a very few
minutes should see the job complete.
This is a far better method than throwing
ropes over live wires and the tramway
authorities are always ready to oblige in
this respect, if only in their own interests.

H.F. on the Lines.

Where radio relay lines pass closely
to overhead trolley wires and through
industrial areas, it is quite common for
H.F. radiated from trolleys and electrical
machinery to follow the course of the
line back to the relay station and cause an
appreciable amount of interference with
the reception. A good plan for guarding
against this is to earth each line through a
condenser of .01-— 1 mfd., when the inter-
ference will be found to disappear; in
fact, lines arranged in this manner, in
practice, seem to aid reception if tests
are carried out with and without the
condensers.

Effect of Weather on Brackets and Con-
ductors.
Experience over a few years of climatic

effects on overhead equipment go to prove
that although galvanising of brackets
is undoubtedly an advantage, these should
be painted on erection, particularly the
“ make-offs ” of the stay wires, and re-
painted at least once a year. A good
practice is for the linesmen to carry paint
and brush with them and give another
coat to each bracket on which they
operate. Copper wires are particularly
susceptible to smoky climates and as
most relay systems are operated in
industrial areas, the cadmium copper
alloy is found to be most suitable. Although
many companies use heavier gauges,
single 18's conductors give quite satis-
factory results, and the weight, working
out in the region of 4o 1b. per mile, does
not involve too great an expense.

Resistance of Conductors.

Most new-comers to radio relay attach
great importance to the resistance of the
conductors and go to great trouble and
expense to keep these resistances as low
as possible. In practice, however, it is
found that the resistance of the lines,
particularly in the case of large networks,
is very useful, because a short circuit in
one area does not always seriously affect
the reception of subscribers on the same
line, and restricts in a measure the area
affected. In the writer’s opinion, although
resistance of the lines should be kept
reasonably low, a moderate resistance is
useful.

NOVEL DOG TRACK

The lighting system chosen for London’s
newest greyhound racing track at Stam-
ford Bridge consists of 70 G.E.C. reflectors
similar to those employed with so much
success at the White City and other well-
known tracks. These are equipped with
1,000-watt lamps.

An interesting feature of this installation
is the use of a new type of collapsible
standard specially designed by the G E.C.
for the frack. Inclined poles are used,
and these can be swung round from over
the track and lowered by means of a ball
and socket joint incorporated in the base,

LIGHTING SYSTEM

to the side of the track, where the fittings
are protected by the wire fence. A folding
support is also incorporated in each
standard for use in the *“ down ’’ position.
These poles are sufficiently light to be
handled by one man, and can be very
quickly raised and lowered. The obstruc-
tion to vision due to the poles is practically
non-existent. When football matches are
being played the poles are completely out
of the line of sight of spectators, and by
arranging some of the poles to lay to the
left, and others to the right, provide a
clear path to the ground.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical inferest.

Letters should be addressed

to < The Practical Electrical Engineer,”” 8-11, Southampton Street, Strand, W.C. 2.

Envelopes to be marked ° Problem > in the left-hand corner.

Replies to guestions

are also invited and all replies published will be paid for at our wusual rates

THIS MONTH’S NEW QUESTIONS

Solenoid Coil for A.C.

I wish to make a solenoid coil for A.C.
230 volts, 50 walls, with a pull of 20 [b.
Jor ¥ in. (I just want the first pull up
or slam acting for

L in. Number of commutator segments, 2.4,

The six thick dois on fleld magnet
marked A are vivets holding the lamina-
tions together. The ficld magnet is lami-
nated to a thickness

o0}

about a second just
to get something up
in position). I do
not wish to use any
form  of converier
if I can help it.
ARTHUR S. NUNN
(Nottingham).

Converting a D.C.
Motor into an
A.C. Motor.

I have a 200-230-
volt D.C. shunt-
wound fan motor,

of 1% in.
Ae Alsothe four holes
on field magnet

marked B beside
them are for passing
the lonmg  screws
through to clamp
up the end covers
of the machine.

G. E. HOLSINGER

(Ceylon).

Windings for a
Small Motor.
Could you pleasc

the dimensions of
which are shown on
the enclosed skeitch,
and wish to convert
wnto an A.C. series
moltor to rum from
230-volt, 50-cycle mains. Please be good
enough to furnish me with a winding speci-
Sfication for same. Will you tell me how
the coils should be disposed on the armature?

The dimensions and details of the motor
are as follows :—

Length of armature, 1% in. Diameter
of armature, 11} in.  Diameter of armature
tunnel, 132 in. Number of armature slots,
12. Depth of armature slots, % n.
Width of armature slots at the top, L in.
Width of armature slots at the bottom,

43"

DIMENSIONS OF THE SHUNT-WOUND FAN MoTOR
REFERRED TO BY MR. HOLSINGER.

advise e the gauge
and number of turns
to wind a small
motor for 30 volts, 2
amps. D.C.7 The
particulars are
as follows : Awrmature, 2% in. diameler,
3 in. long. Fiftcen-slot civcular about  in.
diameter.  Fifteen-parl commstator.  Four
Jfields, 2 X 14 X L in. each.
A T. WiLsoN (AyT).

D.C. or A.C. for Shipping Purposes.

What arve the advantages of using D.C.
current n preference to A.C. for shipping
purposes 2 Also, why is a 25-cycle curvent
better for power purposes than 50-cycle ?

Jas. H. Fraxcrs (Liverpool).
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REPLIES TO PREVIOUS QUESTIONS.

Enamelling the Outside of a Floodlight.

T shall be glad if you would give me advice
on the following points :-—

(1) For enamelling the outside of a 300-
watt sheet metal floodlight, what would be a
suitable heat-vesisting black enamel to give :

(@) a dull finish;

(b) a glossy finish ?

(2) Can you give me the name of a firm
who wholesale or manufacture mounted or
unmounted lenses and  glass  reflectors
suitable for spotlights and projectors ?

C. W. &, (Chingford).

The three enamels given below will all
stand great heat :—

(@) Dullite.

(6) Blackall.

(¢) Raphaelite.

of THE PrAcTICAL ELECTRICAL ENGINEER
in the ariicle on *‘ Power Distribulion in
Sweden.”

W.A B.

The Kaplan water turbine is of the
vertical shaft type and has adjustable
impellors for the purpose of obtaining a
high efficiency over a wide range of loads
(see page 159, Vol. I of THE PracTICAL
ELECTRICAL ENGINEER).

Each of the four impellers, A,is coupled
to a short horizontal shaft, B, and each
of these shafts is mounted in separate
bearingsin the upper portion, C, of the boss,

which is coupled

L to the lower ex-

tremity of the ver-
tical main shaft, D.

The first-named E ! £ Each of the im-
will give a dead P\ D pellor shaftsis fitted
flat finish, while the ¢ with a crank E, and
second and third each crank pin, F,
mentioned enamels is connected by
give a glossy sur- A 8 A links, G, to an eye
face. F M bolt, H, fitted to

A very pleasing a four-armed
eggshell finish can G spider, K. This
be obtained by us- G spider is keyed to
ing () or (c), and the regulating
when dry and quite H N H shaft, L, which is
hard slightly “flat” located inside the
the surface by rub- main shaft, its low-
bing with a wet 0 er end being guided
rag impregnated by the bearings M
with powdered and N. This shaft,
“ rotten stone,” or Tae AD]USTABLETBLADES OF THE KAPLAN as already ex-

URBINE.

very fine pumice-
stone.

The best firm specialising in the manu-
facture of high-class lenses is Messrs.
Ross, Ltd.,, Old Town, Clapham, S.W.4.
This firm also make reflectors at a sub-
sidiary factory; in fact, they deal with
all types of optical work. H.]J.B.

The Kaplan Turbine.

Could you give more information as to
how the adjustable blades of the Kaplan
turbine arve arvanged and worked ?  The
article in which this turbine was mentioned
was published in the December, 1932, issue

plained in the
above - mentioned
article, is given limited up and
down movements by a servo motor
controlled by the governor of the tur-
bine, and by means of the spider
and links these movements are imparted
to the crank pins F, thereby causing
corresponding angular movements of the
blades of the impellors.

The lower portion of the boss and the
cap O are shaped as shown in order tc
give minimum resistance to the passage
of the water.

A. T. DovVeRr.
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Miniature Circuit Breaker for House 12-volt, -amp. Westinghouse metal recti-
Lighting. fier and charge the 12-volt accumulator

Isthere any dcfinite vegulation prohibiting
the use of a miniature civcuit breakey on the
live leg of an ordinary house-lighting civcuit,
the neutral being connected direct to aneuiral
bar? I have in mind a sub-circuit as above,
permitting the one control only and thevefore
dispensing with the usual fuse in evther
leg and a tumbler switch on the live leg.

The neutral is at earth potential, and
provided the wewtral wire can casily be
disconnected for testing, 1s theve any reason
for insisting upon two fuses ?

R. W. KaNE (Johannesburg).

The use of a single-pole circuit breaker
is never prohibited, except in the neutral
of a complete three-wire D.C. system,
which does not apply in ordinary house
lighting. If your neutral were to develop
a dead-short to earth, and if, simul-
taneously, a very large leak were to go
to earth on one of the lines in your neigh-
bourhood, the leakage current might try
to return to the neutral via your system,
with disastrous results, unless your con-
nection to the neutral is protected by a
fuse or circuit breaker. If your circuit
breaker is carefully set, the inclusion of
fusesneed never give youany bother. W.M.

Trickle Charger for a Model Railway.

I wish to set up a trickle charger in
connection with a wmodel railway. The
power is obtained from a 12-volt car accumu-
lator of 40 amp.-hour capacity.

It is proposed to use a Westinghouse
wmetal vectifier giving 12 volts I amp., as this
1s the most convenient. However, since one
cell when fully charged gives 2.2 volts, six
such cells will give = —

13.2 volts ; in other L

words, the accumu- 1 -— - -
lator is mever fullv

charged.  Is there '
any way of getting
over this difficulty
other  than, say,
charging three cells
at a time from the
rectifier ?

B. W. Hinp

(Pinner).

It will be quite

all right to use the

——d

I

I

I

|

|
A B
Two ME

THODS OF FiNDING THE LivE WIRE ON
A D.C. Circurr.

without altering the arrangement of the
cells, as although the rectifier is rated at
12 volts, it takes a much larger voltage
than this to send 1 amp. through the
12-volt battery, and this is allowed for by
the makers of the rectifier. If a trans-
former with a suitable winding is chosen,
so that when the battery is discharged, i.e.,
down to 10.8 volts, the voltage is sufficient
to send 1 amp. through the battery, then,
when the back pressure of the battery
rises the only result is a fall in the value
of the charging current, to something
less than 1 amp. J.S.M.

Finding the Live Wire on a D.C. Circuit.

When testing for a live wive on A.C.
it 1s possible with a pair of leads, a lamp
holder and lamp, to make the lamp light
when the ““ live” wire and an earth ave
touched on. Is it corvect that on a D.C.
circutt by this method you cannot tell which
1s the live wive 2 If this is so, would you
kindly tell me the best way to find a * live
wive on a D.C. civcuit ?

F. W. CLARKE (Edmonton).

Tramway systems and many private
plants work on a D.C. two-wire system
with one pole earthed at the generating
station. On such plants it is always
possible tq find the positive wire by means
of testing leads and lamps as shown in
the diagram. If the positive testing lead
be put in contact with the positive wire A
and any good earth as at K, a circuit will
bg established back to the station earth
E, and the lamp L will light up. Ona D.C.
system in which both poles are insulated,
or on the three-wire
D.C. system which
has the mneutral
earthed and the
main negative and
positive poles in-
sulated,other means
can be used. Pole
indicating paper is
sold made up in
books like books of
litmus paper. One
of the leaves is
taken out, damped,
and both testing
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leads held on to it. The wire attached to
the negative lead will turn red. If an
ordinary D.C. voltmeter suitable for the
circuit voltage is available this can be
used. Try the voltmeter across the bus-
bais to test its polarity. Voltmeters of
this tyre read from left to right and have
the positive terminal on the left; often
this 1s marked. If this be placed across
the wires to be tested, the voltmeter
will give a reading from left to right
when its left-hand terminal is placed on
the positive line, and the right-hand
terminal on the negative side ; if the leads
are then reversed, the voltmeter needle
will read in the reverse direction ; that is,
the needle will come hard up against the
stop at the left hand of the scale; thus
giving a check on the test. On a three-
wire system the same test can be made,
but the voltmeter must, of course, be
capable of reading the full pressure across
the outers.

Another method is to take two strips of
lead—old lead sheathing from cables,
hammered out flat and cleaned, will do—
and suspend them ins,a tub as shown in
the diagram. Fill the tub well up with
water, keep the lead plates, say, 4 in.
apart, and throw into the water a table-
spoonful of salt and connect the testing
wires to the lead plates Adjust the
distance between the lead plates so that
a current of, say, o amps. is maintained.
In a few minutes the plate attached to the
positive pole will turn brown There is
also a glass tube tester sold, containing
two electrodes in a transparent liquid
When the testing wires are attached to
the terminals of the electrodes, the
negative electrode becomes surrounded
with a bluish tinge; this colour being
absorbed into the liquid again when the
test wires are disconnected. WIT.W.

Finding the Live Wire on a D.C. Circuit.

If a D.C. moving coil voltmeter of a
suitable range be available, the ‘ live”
side of a D.C. circuit may be found gunite
simply. The moving coil voltmeter will
only indicate over its scale when the

positive wire of the circuit is connected to
the positive terminal of the instrument.
If the connections are reversed the volt-
meter merely tends to give a negative
reading.

Should the system be D.C. 3-wire at
460 volts between outers and 230 volts
outer to neutral, care must be taken. As
far as positive to neutral is concerned the
above instructions apply, but when the
voltmeter is connected between the neutral
and the negative outer the neutral wire is
the " positive ”” and should be connected
to the positive terminal of the instrument.

Should no voltmeter be available, the
live side can be found by other methods.
The neutral wire of the 3-wire system is
always earthed, and the outers may be
found by using the test lamp as suggested
in the question.

To discover which is the positive outer
and which the negative, use may be made
of pole finding paper. This paper may
be bought in small rolls. A portion of the
paper must first be damped; the two
ends of the live circuit are then applied to
the paper at a safe distance apart. The
“negative ”’ wire of the two will make a
distinct mark on the paper.

With a two-wire D.C. circuit, the pole-
finding paper may alone be used.

Further possible methods, though only
suitable for low voltages, would be to rig
up a water voltmeter for the electrolysis
of water, or a copper sulphate bath as
used for plating.

Tuos. G. Fraxcis, B.Sc., AM.ILEE.

Finding the Live Wire on a D.C. Circuit.

Is it possible that you are confusing
“ finding the live wire ”” with finding the
polarity. The live wire being the one
which is at a potential different from
that of earth, may always be found with a
test lamp, but on a D.C. circuit (3-wire)
this gives no indication of polarity, which
may be found by means of pole paper,
using the test lamp as a resistance. The
reason for this is that both the positive
and negative “ outers ”’ are live wires.
W. M.
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The Cable Makers’ Association.

Electric wires and cables are to the
electrical engineer what steam and water
piping are to the mechanical engineer. It is,
we think, fairly obvious to everyone that
pipes which could safely be used for con-
veying low-pressure steam for heating
purposes would be quite unsuitable for
supplyingsteam at, say, 1oo 1b. to the square
inch pressure to a reciprocating engine.
Again, pipes suitable for 100 lb. steam
pressure could not safely be used for sup-
plying pressure at, say, 300 1b. to the square
inch. If the most efficlent conditions are to
be attained, not only would the thicknesses
of the pipes have to be varied, but also the
methods of jointing, and the lagging or heat
insulating would have to be suitably designed
to meet the working conditions. Unless
these matters are attended to it is obvious
that :—

(a) The piping for the particular in-
stallation would be far more expensive
than it need be.

(b) The pipe line would be definitely
unsafe for the working steam pressure.
This provides a very good analogy to the

case of electrical wires and cables. The
Cable Makers’” Association have drawn
up various specifications for different
qualities and types of cables. These are
explained in an interesting article by Mr.
Winton Thorpe,which appears on page 159,
and which will well repay careful study by
every practising electrical engineer. In this
article Mr, Thorpe describes the differences
between C.M.A. (Regd.), ‘" Nowazo,”
““Vicma,” ‘“ViNazo’” and other types,

)

and the reader who carefully studies this need
neverin future select his cables by guesswork.

The Internal Telephone Requirements of a
Modern Hotel.

Whilst in most offices and factories it is
an advantage for the various executive
branches to be able to communicate instantly
with each other without having to go through
a central switchboard, the requirements in
hotel work are entirely different. The
larger hotels often have, as guests, people
who wish to maintain a certain amount of
privacy. In an hotel equipped with an
intercommunication telephone system it
would be an easy matter for an enterprising
reporter to engage a room at the same hotel
as some celebrity, and use the interphone
system to the annoyance of the distinguished
guest. For this and other reasons, the
modern tendency is to install in hotels some
form of simplified central-battery telephone
system. An excellent example of one of the
latest systems which has been devised to
meet the above requirements is the Siemens
Neophone system, which is described in an
article on page 143.

Speaking Before the Microphone.

The rapid extension of the Public Address
System, by which a speaker’s voice is picked
up by microphone, suitably amplified and
delivered to a large audience through loud
speakers conveniently situated, has intro-
duced a new problem for public speakers and
actors. When one is confronted by the
microphone the natural tendency is to
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address one’s remarks to the microphone
diaphragm.

This has a tendency to prevent a

speaker getting over his personality to an
audience who are watching as well as
listening. Many speakers, singers, and
violinists unconsciously make use of move-
ment to hold the attention of an audience.

The new buattonhole microphone, which is
described on page 150, and which has been
introduced by the Igranic Company, ofters a
solution to the problem outlined above.
This microphone is worn as a buttonhole and
by its use the speaker or singer can walk to
and fro on the platform and speak to his
audienceina natural and convincing manner.

Progress in Valve Design.

During the last year or so there has
been unusual activity in this direction.
The Variable Mu Valve, the Class B Valve,
the Double Diode Triode, the Single Diode
Tetrode, the High Frequency Pentode, the
Pentagrid, are a few of the new types which
have come into fairly wide use during the
past 12 months. In an article beginning on
page 157, ‘‘Omicron’ summarises the
characteristicsand usesofthese special types.

Voltage Control On Car Dynamos.

For many years, in fact since car lighting
dynamos came into use on pleasure cars, the
usual method of regulating the dynamo
output at varying engine speeds has been by
use of the third brush control. This method
of control gave an approximately constant
current output so that a fully charged
battery would receive the same charging
current as a battery which was nearly flat.
To-day the great tendency is to replace this
method of control by a constant voltage
regulator which operates very much on the
lines of the well-known Tirrell Regulator.
This innovation in automobile electrical
work is described by Mr. Harcourt Woodall
in an article beginning on page 168.

The Grid and its Influence on Circuit Breaker
Design.

As more and more districts receive their
supply from the Grid the problem of design-
ing suitable circuit breakers becomes more
and more important. On a system supplied
from a single generating station only the
power from that station is behind a flashover
or short circuit, whereas at any point on the
grid system the power behind a ‘‘spill
over’’ is that from all the generating
stations which are feeding into the grid.
A survey of recent developments in high
speed circuit breaker practice will be found
on pages 172 to 176.

Electro-magnets for Handling Materials.

The improved conditions in the heavy
industries, particularly in regard to iron and
steel manufacture, 1s likely to lead to an
increased demand for electro-magnets as an
adjunct to the high-speed electric crane.
An interesting point raised by a contributor
on this subject (see page 177) is that as the
resistance of the magnet windings is
lower when cold than when hot, the initial
lifting power of the magnet will be greater
when it is first switched on than after it has
been in use sufficiently long for the coils to
have warmed wup. The lifting capacity
also depends upon the material which is
being lifted. For instance, a magnet which
will lift 100 cwt. of solid steel ingots will
only handle 1} cwt. of scrap.

Electric Flashing Signs.

The value of electricity as an advertising
medium is fully appreciated by advertisers
in large towns and cities. There is, how-
ever, still an immense field to be explored
by the electrical installation engineer who is
to have a share in the increased business
which is sure to follow from the extended
use of electric supply.

There are hundreds of small towns in
which there are thousands of advertising
sites suitable for electric flashing signs. On
page 170 our contributor, Mr. H. J. Baldwin,
describes a simple form of motor-operated
switch which can be used for operating sucha
sign. Obviously any desired sequence can
be obtained by a suitable arrangement of
cams on the actuated shaft.

Readers who are mechanically minded
will find much interest 1n working out some
flashing signs for prospective clients in their
district.

The Three Ifs.

If every member of the public who uses
electricity were electrically minded; if every
installation engineer were 100 per cent.
efficient, and if manufacturers never made a
mistake, there would be no faults in electric
lighting and power installations. Unfor-
tunately, the three 1ts mentioned above are
likely to be always with us. Therefore,
Mr. H. W. Johnson’s article, which begins
on page 152 should be read by everyone
who is interested in the consumer’s end of
the Electricity Supply Industry. In this
connection remember that it is the un-
expected fault which always occurs. There-
fore, the more faults you expect and provide
against, the less likelihood there is that your
work will give rise to faults. A word to
the wise is sufficient.
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THE NEOPHONE HOTEL SWITCHBOARD
A RECENT DEVELOPMENT IN C.B. TELEPHONE SYSTEMS

By S. S. Danks

HE system described in this article cation between visitors and service room
has been designed to supersede management and staff, etc, in an

bell and indicator systems in economical but effective way by the use
hotels, service flats, etc. of a simplified central battery system
The limi- embodying the

tations of bell
and indicator
systems are well
known ;  irri-
tating  delays
occur and much
unnecessary
running about
on the part of
the staffis
involved.
Intercom-
municationtele-
phones are un-
suitable, as
complete and
unrestricted
communication
between all
stations is
highly un-
desirable  for
obviousreasons,
In any case,
where more
than twenty
stations are
required the ex-
pense of mul-
tiple cable alone
renders the
adoptionof such
a system im-
practicable.

The Neophone
hotel  switch-
board solves the
problem of pro-
viding an
adequate means
of  communi-

use of high-

X ! efficiency tele-
¥ caune phones.
H LAMP
<>*>;< - Central Battery
Signalling.
8 Luminous
FiZs, 1 —SiMPLIFIED LINE CIRCUIT. signals, re-

quiring no
recevéR  mechanical
restoration, are
generally  ac-
knowledged to
be far in ad-
vance of any

)
1 I
Xvia uine Key XX
DX VI RING KeY 3¢
(o]
9 H 3
H HI’
- E l
SECONDARY

TRANSY other type, but

1 an audible

. &neo signal must also
Fig. 2—CALL ANSWERED. be used to

Calﬁng lamp and relay switched clear.
ensure prompt

attention at all

times. Fig. 1
. >E< >5< | OE;‘égADTOE S h OWwWS 1} h e
2 2 b signalling
- < g circuitem-
X X ployed : when a
Fig. 3—WANTED STATION BEING RUNG. micro-telephone
Generator on line, all other apparatus switched clear. isremoved from
the rest at any
TR = X of the stations,
: 75 ] 75 ] 2 battery  flows
2 " H through a low
X — X resistance relay
B, through the
100 OHMS .
CLEARING appropriate
e calling = lamp,
B X over the line
¥ 4&1 and instrument
= = of the calling

Fig. 4—Circrlr CoNpITIONs WHEN Two StaTions are L€, to earth.
CONNECTED. This causes the
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TO LINE

receiving a call

9 the key of the

calling line is

LINE thrown to

Y 7/ — CALLING “operator,”
s extinguishing

OPERATOR

EQUIPMENT
PER LINE

NN GEES M G G S E GIF TS G NS GEF EED W I IS A SIS G GAD G TP G I WD GENe NS SN Gb G G

LLL 444 44l commons TOOTHER UNECCTS 444 444 d4d

HAND
GENERATOR

=

RINGING
v KEY

the calling lamp
and discon-
necting the call
bell. Conver-
sation now takes
place  between
the attendant
and the calling
station as shown
in Fig. 2.
Should the
attendantrequire
to call any
station, the as-

444

CLEARING

LAMP

A

R o—

(1

RECEIVER

ONDARY

[ W—C

TRANSMITTER

AALA A i

sociated key is
thrown to
‘“ operator ’ and
the generator
operated while
holding the
ringing key de-
pressed. The
action of the
ringing key dis-
connects the
attendant’s tele-

OO0 OHMS
"l}-*/;l

EQUIPMENT
PER BOARD

PRIMARYS)
__i |
I

SWITCH-HOOK
CONTACTS

phone and the
feeding coils from
the line, switch-

= [ 75 | 75 ¢

=

BI
==

ing on the hand
generator as in
Fig. 3. When
the key is re-
leased it returns
to the normal

DAY

o

NIGHT

DAY CALLING
BELL
Fig. 12.—FuLL CIRCUIT.
of bad joints developing through
corrosion.

Full Circuit and Method of Operation.
Fig. 12 shows the full circuit, com-
prising the circuits in Figs. 1-4. On

He

position, discon-
necting the
generator  and
reconnecting the
attendant’s tele-
phone and the
feeding coils to
the line.

The throwing of any two keys to
““ line ”” brings about the circuit conditions
shown in Fig. 4, the glowing of the
clearing lamp indicating when the con-
versation is finished and the receivers
have been replaced.

NIGHT EXTENSION
CALLING BELL
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- Anti-Side Tone
Induction Coil.

To overcome this

defect an induction

bkt

has been designed,
which reduces side
tone to a reasonable
level. To eliminate

DRI

N
Aamm

/

7S

1]
Connectors
mouided in ’J -

handie

Fig. 15.—VERTICAL SECTION OF SEMI-INSET RECEIVER.

upon it, and this results in superior

articulation. ©~ No mica diaphragm or
rubber-tipped damping springs are
necessary.

Receiver (Fig. 15).

The receiver is also of the semi-inset
type, being secured in the receptacle by
two screws, and is fitted with a Stalloy
diaphragm. The earcap has a number of
small perforations instead of the usual
large central hole.

Side Tome and its Effects.
It will be noticed that, when using a
high efficiency transmitter, the speaker’s

Securing S.c.rew, mal_(mg connection between
Receiver Winding and Connector.

side tone altogether
is undesirable, as
the effect of
“ deadness ”’ causes
the user to doubt
the efficiency of
the instrument and
N constantly to
inquire if his
message has been
received correctly.

Instrument Circuit.
Fig. 16 shows the
circuit of the Neo-
phone instrument : with the receiver on
the rest, omly bell and condenser are
in circuit ready to receive an incoming
call. When the receiver is removed the
switch springs operate causing current
from the central battery to flow through
one winding of the induction coil and the
transmitter. The arrangement of re-
ceiver, inductiom coil windings, con-
denser and line may be regarded as an
impedance bridge which is practically
balanced when the source of current is
the local transmitter but wunbalanced
when current is applied via the line.

Insulated
Meatal Bush.

Power Supply.
A central supply of twenty volts

voice is unpleasantly loud in the pressure is required to operate the com-
associated receiver and that
any neoises in the room
are picked up and distract asmmer oD
attentton from the received
speech. This is ealled side tone. RECEIVER SO 500ONHS

The effect of side tone is S — -/ '
twofold, the speaker subcon- Lrs0ms Mook () BELL
sciously drops his voice until T e Y OO
it sounds natural in his own
receiver, thus reducing the volume  p ig. 16—Circuir oF TELEPHONE WITH ANTI-SIDE

of speech received at the distant
station, and the presence of
any noise in the room renders
listening to received speech an
unnatural strain.

ToNeE INDUcCTION COIL.

With the receiver on the rest, only bell and condenser
are in circuit ready to receive an incoming call.
receiver is removed the switch springs operate, causing
current from the central battery to flow through one
winding of the induction coil and the transmitter.

‘When the
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plete system for both speaking and
signalling. Primary cells may be used
for small installations, but for larger
equipment a battery of secondary cells
or a battery eliminator of the  Trans-
recter ’ type is preferable.

Wiring  Between  Switchboard and

Extensions.

Two wires only are required between
the switchboard and each extension but
for large installations it will be found
preferable to run multi-pair cables of
appropriate size to junction boxes sit-
uated in convenient places for distri-
bution points, and to run pairs from the
boxes to the adjacent stations, in aceor-
dance with the usual telephone practice.

Simplicity of Operation.

It will be appreciated that to call the
attendant involves no more effort than
pressing a bell push, while the quality of
speech afforded by the instruments
eliminates the possibility of misunder-
standings and errors.

A skilled telephonist is unnecessary ;
any of the service staff should be able to
operate the switchboard correctly and
speedily.

Reliability.

It will be realised from a study of the
circuits that there is little possibility of
breakdown ; all redundant facilities have
been ruthlessly pared away leaving only
the essentials. The apparatus used

throughout is of sound design and robust
construction.

First Cost.

The system is economical to install,
no selecting devices or speaking batteries
being used at the extensions and no
multiple cable between stations is
required.

The switchboard apparatus has been
reduced to the least possible, compatible
with the facilities afforded.

Running Costs.

The absence of speaking batteries at
the extensions, and plugs and cords at
the switchboard, removes those items
which experience has shown to be the
heaviest in running costs. Indeed, main-
tenance is practically reduced to periodic
visits to the stations to ascertain if any
damage has been done by the temporary
users.

Ease of Extension.

Equipment for ten lines may be added
at any time with little or no detrimental
effect to the service enjoyed by existing
lines during extension.

Designed by a Famous Firm.

The Neophone system described above
has been designed by the well-known
telephone engineers, Messrs. Siemens Bros.
& Co.,Ltd., to whom we areindebted forthe
loan of several of the illustrations accom-
panying this article.

ELECTRICITY IN MYSORE

One of the highest waterfalls in the
world is to be harnessed to provide electric
power for the working of the mines of
Mysore. This is the Gersoppa waterfall,
a vertical cataract of gbo ft.

Although the undertaking will be an
ambitious one, Mysore has had great
experience of hydro-electric development.
Since the initial installation at Cauvery in
1902 no less than six further installations
have been carried out. With the recent
completion of the seventh installation, the
electrical energy generated amounts to

46,000 h.p. The eighth installation is
now being installed to increase still
further the total output and to meet the
future demands.

The free use of electrical energy for
many industrial undertakings has been
very marked. There are now many small
equipments for pumping from wells for
irrigation, fruit gardens and other activi-
ties. The demand is not confined to the
large cities of Mysore and Bangalore
alone, but rural electrification is making
rapid progress.
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DIAGRAM SHOWING EXTERNAL CONNECTIONS TO IGRANIC MICROPHONE CONTROL UNIT.
Also showing method of connecting source of input circuit of a low frequency amplifier.

coupling the microphone to its associated
amplifier should be of the highest order of
efficiency so that it will be capable of
preserving the true frequency response of
the microphone. For this purpose a
microphone control tnit has been de-
veloped, and while its use is not absolutely
essential to the good performance of the
microphone, it is recommended in all cases
where the very best possible results are
desired.

The microphone control unit consists
essentially of coupling transformer, a
milliammeter, a volume control, the neces-
sary control switches and connecting
terminals.

The milliammeter serves to indicate the
amount of energising current taken by
the microphone, the current being con-
trolled by an “on " and ““ cff ” switch.

Pushbutton Switch for Quick Changeover.
A pushbutton switch is provided to

effect a quick changeover from micro-
phone to any other associated equipment
such as a gramophone pick up, or other
sound producing device as required, the
necessary terminals being provided for
easy connection. The method of con-
necting up the microphone control unit
to the input circuit of a low frequency
amplifier is shown in the circuit diagram.

Input Transformer for Coupling Micro-
phone to Amplifier.

If the microphone control unit is not
employed it is necessary to provide a
suitable input transformer for coupling the
microphone to the amplifier. This trans-
former should have a primary winding
having an impedance of approximately
1,500 ohms, at a frequency of 50 cycles
and a ratio of the order of 10 to 1 or
higher.
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FAULTS IN LIGHTING AND POWER
INSTALLATIONS

By H. W. Jounson

“ AULTS”
thich occur
on lighting

and powerinstalla-

oxidised, and the
lighting on this
circuit will be in-
termittent, until

tions may be due 1

finally the circuit

to bad workman-
ship, faulty mater-
ials, overloading
the consuming
devices, inefficient
maintenance, de-
terioration of the
installation, and
unsuitable working conditions.

A large number of these “ faults” are
constantly recurring on installations, and
they may be reduced to a minimum by
careful workmanship and an efficient
system of maintenance.

short,

FAULTS ONLIGHTING INSTALLATIONS.
Open Circuit * Faults.”

At the terminal connections of switches,
the bared ends of the wires are cut off
short and cannot be gripped by the
binding screws, or if the bared end is
long enough, but of small diameter, the
end of the
binding screw
pushes the
wire between
one side of the

A Bap CONNECTION BETWEEN
A SINGLE WIRE AND A TERMINAL,
The wire has been cut off

terminal entry

hole and the

side of the
screw when it
is tightened
up.

This fault

will be “ open.”
Arcing may be set
up inside the ter-

A Bap Cox- minal entry hole,
NECTION ~ BE- which may have
we iENAAS;gGLi disastrous results.

TERMINAL. A fault of this

nature may be pre-
vented by taking these precautions:—
Strip off sufficient insulation from the
ends of the wires to allow of the bared
ends to pass through to the front of the
terminal hole, cutting off any excess wire
flush with the terminal. Single wires of
small diameter should have sufficient
insulation removed from the ends to
allow of the bared ends to be bent back
so as to form a double wire in the ter-
minal hole. Secure the wires to the
terminals with the binding screws before
screwing the switch base to the fixing
surface, so that connections may be tested
by pulling at
the connecting
wires.

Imperfect Fuse
Connection.
The end of

the fuse is not

bentround the
stem of the
binding screw
in the direc-

CORRODED
CONTACT

may not have % Fuse wHICH 1s NoT WOUND

OUND THE TERMINAL SCREW

1IN THE CORRECT DIRECTION AND

PrLAcED UNDER THE WASHER

1s LIABLE TO BE PUSHED AWAY

FROM THE SCREW, WHEN THE
Screw 1S TigHTENED Up.

any immedi-
ateeffect when
the installa-
tion is new,
butin timethe

. The result is an
wire becomes imperfect circuit.

‘“open’’ or

A CoRRODED CONTACT OF A
Fuse BASE orR SWITCH IS A .
FREQUENTSoURCEOF HEatep D€ SCrew is
ConNECTIONS aND Loss or tightened up,

PRESSURE IN A CIRCUIT.

tion in which

and the wire
not gripped
between  the
washer and
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CRACKED SLATE

UNPROTECTED WIRING IN A ROOF IS

L1ABLE TO “ DRIP’”’ AND DAMAGE FROM

VERMIN, AND IS A FREQUENT SOURCE

OF FIRES STARTING IN THE ROOFS OF
BUILDINGS

terminal plate. 'When the screw is tight-
ened up the end of the wire is pushed
away from the stem of the screw.

Damaged Fuse,

A soft metal fuse is sometimes cut
through by the edge of the washer when
the terminal screw is tightened up, and
it is always advisable to examine the
fuse for this fault, after replacement.

Corroded Fuse or Switch Contact.
Faults of this nature are liable to occur
when switches and distributing boards
are fixed in damp situations or in close
proximity to gas stoves. When the switch is
closed, theblade
does not make

Taue LEAD-IN
WIRES FROM THE
Lamp FIiLAMENT
TO THE CONTACT
PLATES MAY BE
A SHORT - CIRCUIT “SHORT - CIR-
PRODUCED BY CUITED,” IF THE
CARELESS WIRING CeEMENT CONNEC-

TION OF THE BULB
TO THE Brass Topr
1s BROKEN.

Arcing at Switch Contacts.

A broken spring in the quick make and
break action of a switch will cause arcing
at the contacts when the switch is
operatéd; this fault is also liable to cause
the switch blade to fall into the contacts
and complete the circuit when it is not
required.

oF FLEXIBLE TO A
LAMPHOLDER.

SHORT CIRCUIT FAULTS.
Unprotected Wiring in Roofs.

This fault is a fruitful source of a fire,
Unprotected wiring in a roof is liable to
attacks from vermin, and mayv also
become soaked with moisture if there
is a leaky roof.
A short circuit

%

good contact é may eventually
and an open 7 occur, especially

. . / . 5 >
circuit often . if flexible is
results. A simi- 1 taken into the
lar fault will \ 2 roof. A fault
occur if the fuse / of this descrip-
or switch con- % tion is often
tacts are not \ INsuLATION of not discovered
properly ad- ! W‘R‘NG DAMAGED  yntil a fire has
justed; they ® been started. If
should be_ - Insecure Fixing oF NEGLECT 10 Fir TuBe ENDs the COHC_lt}lt
spected periodi- a Swirce Due To A oN Conpurr May CaUsE THE gystem of wiring
cally and ad- BapLy Frrrep PLuG  INSULATION OF THE WIRING TO 3¢ employed, the
: IS A SOURCE OF BE DAMAGED AND AN “° EArTH . ’
justed when DANGER. AT THIS POINT WILL BE PRO- conduit ?hmﬂd
necessary. DUCED. be continuous
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through to the back of the pateras, fixed at
the light position. Under no circumstances
should ordinary flexible wire pass through
the ceiling into the roof for connection to
the circuit wiring. If a ceiling rose can-
not be used for making the connection
on the ceiling, then a special pateras fitted
with porcelain insulated connecting termi-
nals should be secured to the ceiling and
be used for making the connection.

Faulty Flexible Pendants.

When the insulation has been stripped
from the ends of the flexible for too great
a distance, the bared wires of opposite
polarityv may come into contact at the

CARCASE OF THE

/MACHINE

EARTH WIRE

THE EARTHING WIRE 1S CONNECTED TO THE
SLipE RaiL Fixine Borr witHout UsING A
CaBrLE Luc 1o MAKE THE CONNECTION, ALSO
THErRE MAY BE AN IMPERFECT CONNECTION
WITH THE CARCASE OF THE MACHINE IF THE
SLipE RamLs ARE CoaTeDp wiTH RusT orR OIL.

back of the porcelain or bakelite interior
of the lampholder, and will produce a
short circuit. This fault will be pre-
vented if the insulation is not removed
beyond the
terminals.
An ineffi-
cient cord
grip may
cause the
ends of the
flexible to
be pulled out
of the ter-
minals by
the weight
of the re-
flector or
shade, and
cause a

NEGLECTING TO REPLACE A
WorN BRrRuUsH oN FINGER TYPE
Brusu GEAR wILL CAUSE THE
Brusa Horper T0 COME IN
CoNTACT WiTH THE COMMUTATOR
AND PRODUCE SerIOUS FLASH-
ING, WHICH WILL BADLY SCORE
THE SURFACE oF THE COMMU-
TATOR AND DESTROY THE BRUSH
HOLDER.

“short”” or
an open cir-
cuit.

A broken
flexible is
often caused
by excessive
strain and
improper
treatment
when an
electric iron,
vacuum
cleaner, or
other port-
able appli-
ance is connected to a lampholder with
an adaptor. Portable appliances should
always be connected to the supply through
a plug and socket. A short circuit may
be caused by the bared ends of the flexible
projecting too far above the terminals;
stray ends of opposite polarity may
easily come into contact with each other.

Surface leakage may occur on flexible
pendants which are fixed in damp situa-
tions if the cotton braiding is not secured
by a whipping of thread at the terminal
connections
so that the
rubber insu-
lation sepa-
rates the
braiding
from the ter-
minals. A
shock may (7
easily be
obtained
when the
flexible is
handled if
the surface
leakage oc-
curs.

‘ Earthed Wiring »
Power Circuits.

This fault is often due to the insulating
covering of the wires being damaged
when they are drawn into conduit.
Conduit outlets, which are not fitted
with bushes, may have sharp edges
which penetrate the insulating covering
and make contact with the bared wires.
The same damage may be done by the

FRAYED BRAIDING OF THE
FLEXIBLE AT THE POINT OF
ENTRY TO A PLug Tor WILL
CAause THE CORES TO BE
EXPOSED AND SUBJECT TO
DavacE wHICE May EveEN-
TUALLY BE THE CAUSE OF A
SuorT CIRCUIT.

BROKEN
PIGTAIL

A BROKEN BrusH PIGTAIL WILL
CAUSE THE BrusH 10 GET HoT
AND SPARKING BETWEEN THE
BruUsH AND COMMUTATOR OF THE
MoToR WILL RESULT.

on Lighting and
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CONNECTION RUBBING
ON ARMATURE CORE

.

CONNECTING WIRE BETWEEN CoILs OF A MoTOR
RUBBING ON THE ARMATURE CoIL wiLL CAUSE

AN ‘““ EARTH.”

sharp edges of inspection fittings and
metal covers of ceiling rose and switch
boxes. Removing the insulation for too
great a distance at terminal connection
to switches and other accessories may
cause the bared wires to come into con-
tact with the metal cases of these acces-
sories. Frequently wiring is ‘“ earthed,”
due to surface leakage at terminal con-
nections, when conduit and metal-cased
accessories are fixed in damp positions.
Under these circumstances it is advisable
to make periodical insulation tests. The
surface leakage may be reduced by
sealing up all the conduit outlets and
cable entrance holes to the accessories
immediately after making the terminal
connections.

Imperfect Earthing of Metal-sheathed
Wiring and Ironclad Switchgear and
Accessories.

Neglecting to use a proper earthing
clip for the “water main” earth con-
nection and metal sheathing of the wiring,
also failing to clean the surface of the
water pipe and sheathing, will often
produce an imperfect earth. This may
allow a high resistance earth on the
system. ‘This type of earth is dangerous,
as the leakage current is insufficient to
melt the fuses, and may be the cause of
someone receiving a severe shock. Dirty

UNPROTECTED
E

UNPROTECTED WIRING AT THE
TERMINAL Box oF a Mortor
SHOULD BE AVOIDED.

CONTACT

/gl.ocxs
=
I!

SHORT CIiRCUITING
CONTACT BLADE

A MOTOR WILL NOT BE PROTECTED BY
THE RELEASE CoiL IF THE CONTACT
Brocks ARE DirTYy OoR CORRODED.

The resistance of the short-circuit
path between the blocks and the
contact blade is too high to de-energise
the no volt release coil.

terminal connections at the terminal
boxes and brush gear of motors are
frequently the cause of ““ earths.” Perio-
dical cleaning and removal of dirt will
prevent this occurring.

A leaky bearing of a motor may
produce an accumulation of oil inside
the carcase, and any V.I.R. cable con-
nections which are in contact with the
oil inside will in a short time be earthed
to the carcase, owing to the destructive
effect of oil on vulcanised rubber.

Sparking at the Brushes of Motors.
There are several causes which will
produce this fault; brushes which do not
work freely in the holders, due to dirt,
insufficient tension of the brush springs,
and “pitted ” contact surfaces, are fre-
quently the cause. Neglecting to replace
a worn brush will produce serious spark-
ing and severe scoring of the commutator,
especially if the brush holder is of the
finger type. A worn brush fitted into
this type of brush holder will allow the
metal edges of the holder to come iﬁto
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actual contact
with the com-
mutator bars,
and may cause
permanent in-
jury to the com-
mutator. A
regular system
of maintenance
should be insti-
tuted to prevent
this type of
fault.

SOFT IRON
ARMATURE

A  MOTOR STARTER ARM
CannoT BE HELD OVER IN
THE RUNNING POSITION BY
THE MAGNETIC ATTRACTION
OF THE No VoLt CoIiL IF
THERE 1S AN IMPERFECT
MAGNETIC CIRCUIT BETWEEN
THE PoOLEs oF THE CoIL AND
THE SOFT IRON ARMATURE.

Commutator
Faults.
Short-cir-
cuited commu-
tator segments
are often caused
by the accumu-
lation of copper
dust on the mica insulation, especially
if the mica has been undercut too deeply.
Continual cleaning of the commutator
with a piece of carborundum cloth will
accelerate this. Under normal circum-
stances the commutator only requires
the application of cloth moistened with
paraffin oil to clean it, afterwards
moving all traces of the oil with a clean
soft cloth when the dirt is removed.

“Flats” on commutators are often
developed by continued sparking at the
brushes. The only permanent cure for
this fault is to skim up the surface of the
commutator, taking care
to remove all burrs and
copper dust before
placing the machine in
commission again.

A defective micanite
'V ring is often the cause
of an “earthed” com-
mutator. An accumula-
tion of metallic dust

THE OMISSION OF

ACABLE LUG WHEN
Maxing CoNNEcC-
TION BETWEEN A
STUD AND A CABLE
May CAUSE EXCEs-
SIVE HEAT AT THE
Point oF CONNEC-
TION AND Loss OF
PoweR 1IN THE CIR-
CUIT.

on the edges of thisring
will earth the commuta-
tor, and only strict
attention to cleanliness
will prevent this fault.

¢ Earthed >’ Field Mag-
net Windings.

Defective insulation

of the magnet coils, caused by deteriora-
tion after long use and careless assemb-
ling of the coils on the magnet poles,
is a frequent source of this fault. The
defective magnet coil must be removed
and reinsulated.

A magnet coil connecting wire which
is too long will sometimes come into
contact with the rotating armature core,
and in time the insulation of this wire
will be damaged, causing the bared wire
to come into contact with the core.

¢ Earthed > and Short-circuited Arma-
tures.

Usually deterioration of the insulation
of the armature coils and core slots is
the cause of this fault, but it is often
accelerated by the continuous overloading
of the machine. The fault should be
located by taking a “bar” to “bar”
test for * short-circuited coils,” and an
insulation resistance test for ““ earths.”

When the fault is due to continuous
overloading, the whole of the armature
coils may have to be renewed.

Motor Starter Faults.

Dirty and burnt contact studs are
caused by an imperfect starter arm
contact blade. The spring of this con-
tact blade may have been damaged bv
the heat produced by the arcing at the
contact studs, and a good rubbing con-
tact between the blade and the studs is
no longer obtained.

The starter arm remaining in the
running position when the motor is
stopped may be caused by a weak spring,
or insufficient lubrication of arm spindle.

Failure of the no volt release coil to
hold the starter arm in the running
position may be due to imperfect contact
between the soft iron armature of the
starter arm and poles of the no volt coil.

Mechanical Faults of Machines.
Fracture of the commutator risers is
often due to excessive vibration. An
unbalanced armature or insecure bolting
down to the slide rails may cause this.
A worn bearing bush will often cause
the armature core to rub on the pole
shoes. Hot bearings may be due to
wear, oil rings not working, and dirty
or spentoil. The bearings should be cleaned
out once a month, and the oil renewed.
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PRACTICAL USEs OF SOME RECENTLY
INTRODUCED VALVES

By ““ Omicron’

HERE
have been
suchrapid

developmentsin
valve design
recently  that
the average
amateur has
not had time to
keep pace with
them, and it is thought that a revision-
ary article would be of interest.

We have now available: Variable-mu
valves, Q.P.P. systems, Class B, double
diode triodes, single diode tetrodes, H.F.
pentodes, and pentagrid valves, all of

which have been introduced in this
country in re-
cent years. Iag
The Multi-mu E) 6
Valve. W [
The first of 2z

A -
=S T 5 U T A 6F

these, the vari-
able-mu valve,
is a mnormal
screened  grid,
with the control
grid arranged to
tail off the anode volts/grid volts curve,
as in the diagram,

This can be done by several methods,
one of which is by tapering the control
grid winding, and another by displacing
or removing one or two turns. It can be
seen from the curve that as the bias is
increased, the »
point of applica- [ A
tion of the signal Marol S, g
is moved along wspze 4’
the grid base, and A% 6 274
the sensitivity of % 7%/ v

the valve is re- L

duced by a loga-

rithmic ratio.

This, then, . be-  current with grid current,
comes an ideal is given on the right,

THE VARIABLE-MU VALVE.
Showing on the left how the control grid is arranged
to tail off the anode volts/grid volts curve ; and on the
right a practical application of this valve

THE QUIESCENT PUSH-PULL SYSTEM.
The two valves are biased down to the bottom bend
in their characteristic as at point A on the left.
circuit is shown on the right.

CLass B—a DEVELOPMENT OF QUIESCENT PUSH-PULL.
The curve on the left shows the variation in anode

method of vol-
ume control, as
the sensations
to the ear also
follow a loga-
rithmic law,
There is also
the advantage
that H.F. over-
loading and
consequent cross modulation is avoided. A
circuit is given showing the practical
application of this valve.

Q.P.P.

In quiescent push-pull systems the
two valves are biased down to the
bottom bend in
their charagter-
istics (point A).
Each valve am-
plifies one-half
cycle, the rest
current of the
other being ex-
tremely low. As
the whole of the
grid base of one
valve is avail-
able for the amplification of one-half cycle,
the working grid base is doubled, and,
therefore, a ¢: I or correspondingly high
ratio transformer may be used to load
up the valves. This system, with two pen-
todes, can give a reasonably large output
sufficient for a moving coil speaker.

A typical

100002 Class' B.
This is a de-
I”p”tgﬂ velopment of the
100002 Q.P.P. system,

but is distinctive
in that the grids
are driven posi-
tive, the anode
currents being
proportional to

The method of connection
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Anode

the variations in grid
Grid

signal voltage. Asthe
grid current in this
system is of a compa-
ratively high order, it
is necessary to utilise
an intervalve transfor-
mer having a low
secondary D.C. resist-
=[_| ance, usually not more

than 400 ohms. A

driver valve is used in
L conjunction with the

Screen

Cathode

Heater special transformer in

Diodes order that the grids

Arrascement or Ay be fully loaded.

Erectropes 1N A lhe anode (plate to

DousLte  DropE plate) load is con-
TRIODE.

venient, being approxi-
mately 8,000 Q to 14,000 Q. Both
anodes are enclosed within the same bulb,
and speech outputs of up to 2 watts or
more can be obtained. An Ia/Ig curve
is illustrated on previous page, showing
the variation in anode current with grid
current, and a circuit diagram is given,
showing the method of connection.

Double Diode Triodes.

The double diode triode is actually two
valves in one, the upper half consisting
of an ordinary triode, and the lower half
of two small diodes, screened from the
triode portion. The uses of this valve
are many and varied. The diodes may
be used to provide full wave rectification,
with the triode as an amplifier, or one
diode may be used for half-wave rectifi-
cation, and the other for delayed and
amplified AV.C. A sketch is given of
the arrangement of electrodes within the
valve. The method of connections for
automatic gain control may be the subject
of a later article.

Single Diode Tetrode.
The lower half of this valve consists

Anode

of a single diode, which may be used for
half-wave rectification. The upper half
is a tetrode, or screen grid, used as an
L.F. amplifier. The valve may be R.C.
coupled to the next stage, as in the
diagram,

H.F. Pentodes.

L.F. pentodes have, of course, been in
use some time, but their necessarily high
impedance has been a problem for ILF.
stages. High frequency pentodes are a
natural development of screen-grid valves,
the negative resistance kink in the curve
being straightened out by the introduction
of a third or suppressor grid. Ampli-
fication factors up to 5,000 or more are
available, and high stage gains become
possible.  The grid base may also be

ik

How A SINGLE DiobE TETRODE MAY BE RE-
SISTANCE-COUPLED TO THE NEXT STAGE.

HI+

Togrid
of g/tput
stage

made wider, enabling a larger signal
to be handled, and the wvariable-mu
characteristic retained, thus facilitating
automatic gain control systems.

Pentagrids.

Pentagrids, or five-grid valves, are used
as frequency changers in superheterodyne
receivers. They have the great advantage
that aerial radiation and interaction
between tuning circuits is avoided, the
mixing being electronic. Within the single
envelope the valve electrodes perform
the dual function of a triode oscilla-
tor and a variable-mu first detector.
A diagram of connections is given,

Tol F
Stages

HT+

HT+

and also the electrode layout. The
efficiency of this method of frequency
changing is equal to the standard

A PENTAGRID VALVE WHICH 1s USED AS A FREQUENCY

CHANGER IN SUPERHETERODYNE RECEIVERS.

methods, whilst the interaction be-
tween circuits is avoided.
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CABLES USED IN WIRING WORK

THEIR DESCRIPTION

AND CLASSIFICATION

By D. Winton Traorere, AM.LEE.

work have to satisfy three broad

conditions. They must carry the
current adequately. They must ensure
that the current is retained in the con-
ductor and is not allowed to stray into
the other conductor or to earth. And,
finally, they must, in most cases at least,
be protected against mechanical injury.
The first requirement is comparatively
easily dealt with, since, to all intents and
purposes and, so far as the scope of this
article is concerned, all conductors are
made of copper, which is the best available
conducting medium for electricity. The
second requirement, that of what is
known as insulation, is capable of con-
siderably more discussion; while the
third requirement, that of protection
against mechanical injury, is again of
considerable importance.

Q- LL cables used in wiring instaliation

The Registered Classifications of the
C.M.A.

If, in what follows, I appear to lay
rather great stress on the registered
classifications of the C.M.A., their stan-
dards and their nomenclature, it is
because by their co-operative effort they
have achieved a unique position in the
classification and description ¢f cables ;
and there can be little dispute as to their
reasonable claims to have laid the foun-
dation stone of cable manufacture in this
country. Other firms, not members of
the Associatin, may or may not make
cables so good in quality as the C.M.A,,
but they at least have the wisdom in
most cases to flatter the Association by
claiming equality of standards.

Vulcanised India Rubber.

Of all insulating materials used in
circuit cables for wiring work, rubber
and its compounds are by far the most
important. Now pure rubber, though

an admirable insulator, has certain dis-
advantages when used entirely for the
insulating of cables. In the first place
it is apt to absorb moisture, which is
itself an enemy of insulating properties.
In the second place it is not very robust
or durable. In fact, therefore, the bulk
of the rubber covering forming the in-
sulation of a cable is vulcanised india
rubber (hence the initials V.I.R.). Vul-
canised india rubber gives a completely
waterproof coat and is tougher and more
appropriate to its particular use.

What would happen if only Vaulcanised
India Rubber were used.

If, however, we were to use vulcanised
india rubber entirely as the insulation of
the copper conductor, certain difficulties
would present themselves. The sulphur
contained in the vulcanised rubber would
tend to set up chemical action between
itself and the conductor; in addition,
the vulcanised rubber would be apt to
contain impurities and imperfections,
owing to the process, and also there
would be practical difficulties in the way
of applying this form of insulation to
the wire.

The Solution to the Problem.

Therefore, the solution to the problem
has been found in the provision, first of
all, of a layer of pure rubber, coated over
again with vulcanised india rubber. In
the case of what is known as V.I.R. cable
we have outside this laver of vulcanised
india rubber a spirally wound tape upon
which is marked, in the case of all cables
manufactured by the C.M.A., and by most
other manufacturers, the type and maker.
This is most important as the ordinary
individual can very rarely tell merely
by looking at it what tvpe of cable it
may be, or what the quality is. The
tape referred to presents these facts in an
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unequivocal manner. Outside this tape
again is the braiding of black or red, or
the tough rubber sheath, or the lead
sheath.

The difficulties of applying vulcanised
india rubber direct to the conductor,
which I have dealt with, have been
largely overcome in recent years by the
chemists and there are now available
for use types of cable which, though in
many respects similar to the ordinary
V.L.R., dealt with above, do not have the
layer of pure india rubber next to the
conductors, but are insulated throughout
with a rubber compound the exact
chemical composition of which is im-
material to this article.

Various Types of Rubber-Insulated Cables.

Perhaps we might now turn to the
nomenclature adopted by the C.M.A.,
for various cables, and I think I cannot
do better than start by presenting a
table of various types of rubber-insulated
cables which are manufactured, leaving
comment on these cables until later.
The space at my disposal is not large
enough to treat in detail of the actual
specifications to which the various classes
of cable are made, but it must be evident
to anyone who realises what a large
number of cables are available that
some standard system of naming the
various categories into which they fall
must be adopted for the purpose of
simple vet definite specification.

1. C.M.A. (Regd.) Cables.
(a) 2,500 Megohm Grade.
(b) 600 Megohm Grade.
. Nonazo (Regd.) Cables.
600 Megohm Class.

. Vicma (Regd.) Cables.

() Nominal 2,500 Grade.
(b) 600 Megohm Grade.

. Vinazo (Regd.) Cables.
600 Megohm Class.

. Cables not made by members of
the C.M.A., and therefore not
officially classified in these cate-
gories.

IS

[

4

(811

The categories referred to above have
been numbered for the sake of easy
reference, but it must not necessarily be

supposed that the numbering represents
the relative order of quality.

C.M.A. (Regd.) Cables.

At the top of the list we have C.M.A.
(Regd.) Cables. It is very important—
and this has been the subject of litigation
—to appreciate the fact that C.M.A.
(Regd.) Cables represent an actual stan-
dard of quality and are not merely a
description of the cables manufactured
by members of the Cable Makers Associa-
tion. This class is divided into two
grades known as 2,500 megohm grade
and 600 megohm grade, again with
emphasison the use of the word “ Grade,”
for it is only in C.M.A. (Regd.) cables and
in the case of No. 3, “ Vicma,” that the
word ¢ Grade ” is used in describing the
sub-category of insulation resistance into
which the cables fall. In other words,
the use of the word ““ Grade” after the
megohm reference implies, even though
it is not otherwise specifically stated,
that the cables are C.M.A. (Regd.) Cables
or “Vicma.”

‘‘ Nonazo.”’

Category No. 2, ‘“ Nonazo,” which is
a registered name given to what used to
be termed Non-Association Class, refers
to cables which, though manufactured
by the same manufacturers as the C.M.A.
(Regd.) Cables, are not manufactured
to the same high standard or with quite
the same degree of perfection of materials.

“ Viema.”’

Category No. 3, “ Vicma’—it will
be noticed that the initials “ C.MCA”
are brought into this registered name,
implying that they are of the highest
class and therefore entitled to use the
word “ Grade” after the insulation,
classification—are cables manufactured
specially for positions where the use of
pure rubber would not be practicable.
In conditions where the heat is excessive,
such as in the tropics or in a boiler-house,
it is found that a compound of rubber
is more durable and therefore more
generally efficient.

‘“ Vinazo.”’
Category No. 4, “ Vinazo,” bears the
same relation to “ Vicma ” as ‘ Nonazo "’
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does to C.M.A. (Regd.) Cables. It will
be noted that it is termed 600 megohm
Class and not Grade.

Cables not Made by Members of C.M.A.

Finally, we have category 5, which so
far as quality goes may more or less
repeat the original categories, but is
intended to cover all these cables made
by manufacturers who are not members
of the C.M.A., and who therefore cannot
make use of the registered classifications,
though they are entitled to manufacture
cables to the same specifications. It is
found in very many instances that they
do at least claim equality by the use of
such phrases as ““equal to C.M.A. 2,500
megohm grade.”

A GUIDE TO THE USE OF THE VARIOUS
CABLES.

To arrive at a rough and ready guide
as to the use of the various cables in the
first four categories (for Category No. 5
must stand on its own legs and more or
less follows the lines of cables in 1, 2, 3
and 4) it would be reasonable to make a
decision along the following lines :

C.M.A. (Regd.) Cables, of 2,500 megohm
grade, that 1is 1I(a), are the Dest
cables made. They should be used where
there is any special stress of circumstances
demanding nothing less than the highest
quality or, alternatively, where a cus-
tomer with money to spend has asked for
the best. If a certain amount of saving
to the customer’s purse is a reasonable
consideration, and yet if the quality of
the cable is to be definitely good, 1(})
600 megohm Grade C.M.A. should be used.

Points that Determine Choice of Cable.
It is, unfortunately, quite impossible
to lay down the law as to the use of
C.MA. cables in terms of localities or
types of jobs. The difference between
the two grades is such that one’s choice
must rest on arriving at a nice balance
between what the customer can afford
and the performance which is required
of the cable. One would like to state
unequivocally that 2,500 megohm grade
should always be used. But so would
one like, perhaps, to suggest that the
most expensive grade of petrol should

always be used in a motor-car. N either
of these two counsels of perfection can
exactly be followed.

A Useful Guide.

It is sometimes possible to get some
sort of a guide to these matters by what
other trades are putting in. In a building
where specially expensive bricks are
being used, or where the customer is
evidently “ spreading himself” on the
materials that are being wused, then
2,500 megohm grade is indicated. But
it can be said that in the majority of good
reliable wiring installations to-day being
carried out, 600 megohm grade is being
installed and is at least as good in quality
as the rest of the materials used in the
composition of the building.

Some Points about °‘ Nonazo.”

““ Nonazo *’ is a difficult cable to advise
upon. It is, on its own admission, not
up to the quality of C.MA. (Regd.)
Cables. Nevertheless it is quite a re-
liable cable and is so considerably cheaper
than the C.M.A. cable that there must
be occasions where it is reasonable to
use it ; particularly is this the case in an
installation which is known to be of a
temporary character and where length
of life is not an important factor. It
very often happens in factories or works,
and very often in offices, that a good
deal of alteration in the wiring is con-
tinually being carried out.

Not only is the cable unlikely to be
wanted to give a particularly long life
bit perhaps more important, it is
frequently under what I may term acci-
dental inspection, owing to the fact that
alterations are being made. This is a
case, 1 think, where, if money will not
run to the more expensive C.M.A. cables,
“Nonazo”’ could be wused, but this
statement must be qualitied by a re-
minder that ““Nonazo’ 1is not as ex-
pensive as C.MLA., nor is it as good, and
therefore it is quite absurd to install
““ Nonazo,” without realising that its per-
formance will not be as good.

The Use of “Viecma’’ and ¢ Vinazo.”’
“Viema” and “ Vinazo” class of
cables must come into the same sort of
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category, so far as their use is concerned,
as CM.A. and “ Nonazo,” except that
they are particularly applicable, as I
have mentioned earlier, in hot situations
or situations exposed to a great deal of
sunlight. Both heat and light have a
deleterious effect on pure rubber and it
is to counter this particular difficulty that
both “ Vicma” and ‘ Vinazo” cables
have been evolved containing as they do
no pure rubber whatsoever. In addition
to light and heat, chemical fumes, or the
atmosphere where chemical work is in
process, are apt to have a corrosive
effect upon rubber, and here again we
have a suitable environment for the use
of “Viecma ™ and “ Vinazo” cables.

As an example of this I have with
success put “ Viema’ cables in a tan
shop and a chemical laboratory. For
the wiring up of motors in factories—
particularly where a good deal of heat
is to be expected both from the motors
and from the general atmosphere of the
shop—my personal view is that this class
of cable is suitable. But it must be
remembered that the actual choice, as
referred to above, must ultimately be a
matter of balancing conditions and the
amount of money available.

Types of Cable from Point of View of
Mechanical Protection.

Now for another table, this time
showing the types of cable which are
available, regarded not from the point
of view of their insulating properties,
but from the point of view of their
external mechanical protection :

1. Rubber (or rtubber compound)
insulated cables taped and
braided.

2. Lead-covered cable.
3. Tough rubber sheathed cable.

Rubber.

The first is composed of little more than
what we have been discussing, the rubber
or rubber compound insulation, covered
with spiral tape upon which the class or
grade 1s marked, and covered overall by
braiding, which is treated” with a wax
compound for the combined purpose of
durability and lubrication in the case of
drawing the cables through steel tubes

which is to-day the normal method of
installation.

Lead-covered Cable.

Item 2, Lead-covered Cable, has the
conductors independently insulated in
one of the manners referred to pre-
viously ; then the cables are in some
cases taped with a common marking
tape, and in some cases are not so taped,
and the whole is then sheathed in a lead
compound which is pressed on to the
cable in a semi-molten state.

Tough Rubber Sheathed Cable.

Item 3, Tough Rubber Sheathed Cable,
has very many variations, but there is
not space to consider them here. Thev
all have one thing in common, however,
that is the conductors originally insulated
as we have been discussing above, are
subsequently coated with a specially
made tough rubber compound, designed
not for insulating purposes but purely
for mechanical protection.  Some of the
compounds used for this purpose are
remarkably tough and are almost im-
possible to tear.

Taped and Braided Cable.

Now as to their uses: Taped and
braided cables, of which the best known
type is V.I.R., practically demand steel
tubes in which they are carried round
a building. Drawn into screwed steel
tubing braided cables probably represent
the best class of job which can be done.
Unfortunately there are other types of
steel tubes, but I cannot allow myself to
be drawn into the conduit question
in this article.

When Steel Tubing is not Possible.
There are, however, occasions when for
some reason the use of steel tubing is
either not possible or is undesirable.
One gets examples of this in some churches,
old timbered houses, in extensions to
circuits in a building which is already
wired and which has also been decorated.
Where a frequent and rapid change of
temperature is anticipated, the troubles
of condensation are inseparable from
the use of steel tubes, and it is frequently
wise to abandon the steel tube system of
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wiring in such localities in favour of
lead-covered or tough rubber sheathed
cable.

It must be remembered here that lead-
covered cable, if it is to be used as an
addition to an existing installation, does
indeed carry on the principle of an earthed
sheath and is inclined therefore to be a
more logical form of wiring than rub-
ber sheathed cable for such conditions.
On the other hand, where there is no
question of an existing installation but
where the choice must clearly fall between
lead-covered and tough rubber sheathed
cable it is worth while weighing carefully
the claims of tough rubber sheathed cable
against lead-covered cable.

Rubber Covered can be Nearly as In-
conspicuous as Lead-covered Cable.

To lay down a hard and fast rule is
clearly impossible, but well run rubber-
covered cable can be very nearly if not
quite as inconspicuous as lead-covered
cable ; it is certainly, in my own view
at least, less subject to abuse by careless
erection. There are certain occasions
where the wiring is left free without
being made a fixture to the wall or ceiling
—such cases are met with sometimes in

the wiring up of motors in factories and
in the final connection to various forms
of electric heaters of the rigid type, etc.

In such conditions lead-covered cable
does not offer the best solution ; for lead,
though it has a good deal of flexibility,
has very little elasticitv and it is the
elasticity inherent in tough rubber-
sheathed cable which is perhaps its
greatest protection against rough treat-

ment. One can kick a loose length of
tough rubber sheathed cable and it
will merely spring away from the

foot and return to its normal position
unharmed.

If a length of free lead-covered cable is
subject to the same abuse it will not
return to its original position and it
will for the rest of its life bear upon it
the bruise or indentation in direct pro-
portion to the strength of the kick.

In conclusion, let me just say this.
A cable must be and always will be the
most wmportant accessory to an electric
wiring installation. As such, it deserves
the most scrupulous attention on the
part of the installing engineer in the
choice of cables which he is to use. To
say that one cable is very much like
another cable is utter rubbish.

AN ELECTRICALLY PROPELLED SHIP

The interesting diagram above shows
the propulsion circuit of the ‘° Acklam
Cross,” which is the first British electrically
propelled tug to be built. Power is

supplied by two high-speed Diesel engines
driving a 200 kW. G.E.C. D.C. generator
and a 20 kW. auxiliary generator which
are coupled to each engine in tandem.



168

THE PRACTICAL ELECTRICAL ENGINEER

December

THE VOLTAGE CONTROL REGULATOR

By R. Harcourtr WoopALL

N the past, elec-

plus external load

I tric lighting on 754 current will remain
automo biles, reasonably constant
trains, etc., hasbeen @ | over a fair speed
carriedoutbymeans  § range and a typical
of what is termed § current-speed curve
a constant-current § 51 for a dynamo of this
dynamo and an type is given in
accumulator. 0 . ) . Fig. 1.
o 1000 2000 3000
Method of Operation RP.M. Some Disadvantages.
of Third Brush Now this system

Fig 1.—A Tyricar CURRENT-SPEED CURVE FOR
ConstanT CURRENT DyNaMo.

Such a dynamo
has been of the
third brush type, and its method of opera-
tion is as follows. The machine in addition
to its main brushes has what is known as a
control brush situated on the commutator
between these brushes and the field of the
generator is connected between this control
brush and the main positive brush.

If a battery is connected across the
machine terminals, any increase of speed
will increase the current flowing. The
increase in armature reaction brought
about by the drawing of this increased
current from the armature reduces the
voltage between the third brush and the

has several disad-
vantages, the chief
being that a fully
charged accumulator will receive a higher
charging current when there is no external
load than a discharged battery when full
external load is connected. This necessi-
tates the use of a battery of somewhat
large capacity, so that overcharging will
not readily occur. Also various devices
have to be introduced to reduce the
dynamo output in cases where, for long
periods, the lamps are not emploved.
Usually a resistance is inserted in the
generator field circuit, when the lamp
switch is ““ off ” and short-circuit when the
switch is “ on.”

positive brush, and - The Constant Voltage
since the fieldis con- = System,
nected between In view of the
these brushes, it above disadvant
follows that the re- R ages, the constant
sult is a reduction voltage svstem is
in the field strength rapidlyreplacing the
or magnetic flux. ] — v c?nstant cu.rrven1
This is responsible — system on private
for a fall in voltage, ‘:? automobiles. It has
until normal current — already been usec
is again flowing. F — considerably in this
o psemn 70 counfcry on  com-
Characteristics  of — Taionr  mercial vehicles not-

this System.
The characteris-

ablyin C.A.V.-Bosct

tics of this system
are that the total
output current,
charging  current

Fig.2 —D1aGRAM OF CONSTANT-VOLTAGE SYSTEM
SaowING CoMPENSATING Coir C.C.

equipment and alsc
on aircraft,

This consists o
an ordinary shunt
wound dynamo

..||“.— '
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which works in conjunction with a
regulator to produce current at a fixed
voltage irrespective of the speed of
the dynamo. Briefly, this system com-
prises a device which automatically inserts
resistance into the dynamo field circuit
should a rise of voltage occur due to
increase of dynamo speed. This, of course,
results in a decrease of field current, and
therefore of armature voltage, which falis,
The resistance is then short-circuited and
the process repeated.

How the Regulator Operates.

In order to understand thoroughly the
regulator which performs this operation,
it will be as well to study carefully Fig. 2.

A c0il V.C.onaniron core is energised by
connecting it across the dynamo armature
terminals and when the wvoltage across
these terminals reaches a certain value,
the strength of the magnetism produced
is sufficient to attract a soft iron armature
A against the spring S. This armature
carries a contact which normally engages
with another contact, the resistance R in
the field circuit being connected across
these contacts and therefore short-cir-
cuited. The attraction of the armature
therefore puts the resistance in circuit,
which reduces the field current. The
magnetic flux and the terminal voltage
are therefore reduced. As the voltage falls,
the coil V.C. ceases to produce sufficient
magnetism in its core to hold the arma-

ture A and it accordingly flies back, the
contacts short-circuiting the resistance.
Thisisrepeated and the armature vibrates,
maintaining a constant voltage across the
dynamo terminals,

A Modification for Automobile Work.

The above gives the ideal arrangement
and, in certain instances, this scheme has
been used on aircraft without a battery in
circuit. For automobile work, however, a
battery is necessary and a slight modifi-
cation of the regulator has to be made in
order to prevent the overloading of the
generator when a totally discharged
battery is connected in circuit. To keep a
12-volt battery in a fully charged state
requires a pressure of 15-15.5 volts, and
this applied to a discharged accumulator
with full load “on” would result in an
extremely heavy current being taken from
thedynamo, which would seriously damage
same through overheating.

This is overcome by providing an
additional coil C.C., which carries the
dynamo output current, and which is
wound so that it increases the magnetism
produced by V.C. This means that the
“ points ' are separated when the dynamo
is generating a lower voltage, as the
current is increased.

Normal practice is to adjust theregulator
to operate with a voltage of 15 when there
is no external load, falling to 13.5 volts
with full load.

A COMPACT FORM OF H.T. SWITCHGEAR

A new design of switchgear, known as
S.V.D. gear, which has recently been
placed on the market by the G.E.C,
solves the problem so often encountered
by engineers in both municipal and indus-
trial concerns for a compact form of high
tension switchgear. It can readily be
adapted for ring main service, oil immersed
isolating links being provided to isolate
either side of the ring main.

Among the many advantages of this
class of gear may be mentioned : Safety ;
flexibility ; economy in floor space and
headroom ; interchangeability of units of
the same ratings; accessibility. S.V.D.
units are suitable for use on single or
polyphase systems up to 11,000 Vvolts,

while oil circuit breakers up to 150,000
kVA. can be accommodated.

Each unit is arranged for floor mounting,
and is built up of sheet steel plates fixed
to rigid angle-iron framework. The
equipment is jig assembled, so that units
of the same current capacity, rupturing
capacity and voltage are strictly inter-
changeable. The busbar chambers are
arranged at the top of the switchgear,
while the oil circuit breakers are located
immediately below. Self-contained instru-
ment panels are mounted in front of the

busbar chambers, and are provided
with hinged front plates to permit
ready inspection of the instrument
connections.
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A FLASHING ELECTRIC SIGN SWITCH

By H. ]J. BaLbwin

for the construction of a drum and

contact fingers for a crawling type of
flasher round a streamer board and is
suitable for four or six circuits totalling
60 to 120 lamps.

IN the following article details are given

The Central Spindle.

A central spindle is mounted on two
small plummer block bearings; on this
shaft are four fibre cams each set with the
major axis at right angles with its neigh-
bour. Immediately above the four cams
are the contact arms hinged at one end
on a small metal stirrup which in turn
is mounted on a fibre or ebonite block or
strip. This arm, which is made of lamina-
tions of hard copper, comes into contact
with a platform bracket mounted on the
opposite side of the camshaft. The nor-
mal position for the contact blade is
resting on the contact platform, where it
is firmly held by
a small spiral
spring. When
the camshaft re-
volves, each of
the  laminated
arms in turn is
pushed up, thus
causing a break
in the circuit.

small tapped hole carrying a grubscrew
A small hole running one third of the
diameter of the spindle is drilled in the
shaft to take the point of this set screw.

The Contact Arms.

These are made up from two or thre
thicknesses of hard copper riveted to
gether at one end near to the point where
the hooded or cap-shaped end piece i
soldered on (see small sketch). The arn
is hinged on a pin running through the
above-mentioned cap and the holes in the
stizlrup bracket ; it is riveted over on the
ends.

The Circuit.

The circuit diagram shows how the
four banks of lamps are wired up to th
switch. The switch can be designed or
similar lines to take six circuits, by sub
stituting six cams and the corresponding
contact arms, remembering, however, tha

Fixing the Cams.
The small
sketch shows the

TO MAINS

method of fixing
the cams to the
shaft. A square
bhole is filed in
the centre of the
fibre into which
fits a bush with
one end squared ;
the other end,
which  projects
outwards from
the cam, is round
and contains a

TO MAINS

CIRCUIT 1,253 ON

{7 CiRCUIT

CIRCUIT 4, OFF.

CircuiT D1aGrRAM SHOWING How THE FourR BANKS OF LAMPS ARE WIREI
Up 10 THE SWITCH. »
The circuit can be designed on similar lines to take six circuits, by sub
stituting six cams and the corresponding contact arms.
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LAMINATED
CONTACT BLADE

COPPER H009D

SPINDLE

i

/* iIlm»

PULLEY ATTACHED
TO SPINDLE

0 COPPER
STRIP

=

f w» =

ll BLOCK OF FIBRE
OR EBONITE

THE FOUR BLOCKS CAN = of
BE (N ONE CONTINUOUS S
PIECE IF DESIRED )l

SQUARE HOLE T0
TAKE CENTRE 805¢

GRUBSCREW
FITTING TO SECURE
CAM

DETAILS SHOWING THE CONSTRUCTION OF THE CAMS AND CONTACT ARMS,

in this case the angle between the axis
of the cams will be 60°,

Driving the Switch.
The shaft carrying the cams must

revolve slowly, and it can be driven by a
gramophone motor, an electric one for
preference. Arrange a fairly large pulley
on the spindle and a small one on the
motor spindle,

ELECTRICAL REFRIGERATION PLANT IN THE TROPICS

Refrigeration, cold storage or the mak-
ing of ice are particularly necessary in the
tropics, and in the Far East, as elsewhere,
the demand for ice has increased rapidly
in recent years. At Singapore, where the
consumption is about 35,000 tons per
month, a large quantity of electrical
equipment, including generating plant,
switchgear, and motors, ranging up to
180 h.p., has recently been manufactured
and supplied by the General Electric
Company, Ltd., for use with refrigerating
machinery at the Atlas Ice Works,
the Malayan Breweries, and the Singapore
Municipal Abattoir,

The Plant.
A 400-volt 3-phase 50-cycle A.C. supply

for the 50-ton ice plant and also for a
previously installed 2o0-ton plant is ob-
tained from a 280-kW.333 r.p.m. G.E.C.
alternator driven by a 420 b.hp.
National oil engine of the vertical 6-
cylinder 4-cycle type. The engine and
alternator are running continuously at
about 8o per cent. of full load. The various
engine auxiliaries are driven by Witton
motors, the air compressor for starting
purposes being coupled to a 10 h.p.
slip-ring motor, and the water circulating
pump for (cooling the engine cylinders)
to a 3 h.p. 1,400 r.p.m. squirrel cage motor
with star-deita starter. The wvarious
circuits are controlled by a 5-panel G.E.C.

switchboard.
N
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restricted to the
iron of the arma-
ture and the pole

Y

as a tie feeder
breaker a special
arrangement is

02 SEC

pieces, all of which
are laminated, and
as there is a large g

fitted, to enable it
to pick up its hold-
on current from
the side which is

air gap in the mag-
netic circuit con- P4

alive. Alternatively
the hold-on coils

trolled by the re- N
leasing  windings,

the armature is

released at the mo- -_—

ment when the
current reaches the
critical value for
which the release

0093 SE

2000 AMPS LOAD

- may be energised
' from a batterv or

other separate
source, the con-
5400 : :
AMPS sumption being only

approximately 25
watts per breaker.
‘ When the hold-on

has been adjusted.
Adjustment of the
release is obtained
by varying the cur-
rent in the hold-on
windings by means
of an adjustable resistance connected in
series. No mechanical alterations are
necessary, and a change can be effected
by remote control or automatically if
desired.

Operations.

The breaker may be closed manually,
or by means of a closing magnet, this
being accomplished in two stages. In
the first place, the closing coil “J”
(Fig. 2) or handle brings the hold-on
armature “M” up to its magnet by
means of a closing arm, which engages
with the contact arm. The second stage
consists of the closing arm being with-
drawn, causing the contact arm to pivot
on the hold-on armature and the con-

Fig. 4 —OSCILLOGRAM OF 1,000 KW. ROTARY
CONVERTER, SHORT CIRCUIT BEING CLEARED BY
HiGH-SPEED CIrcUIT BREAKER

armature is re-
leased, a duralu-
min arm pivots on
a second fulerum
at its lower end,
this lower fulcrum being carried on a
pivoted frame “ R (Fig. 3) operated
by the closing armature.  Strong springs
pull the contacts fully open immediately
the hold-on armature is released.

The period that elapses before the
breaker begins to open varies inversely
as the rate at which the current increases,
the overload release being designed to
discriminate between an overload which
increases slowly and the sudden increase
resulting from a short circuit. It will,
therefore, open much sooner when a
short circuit occurs. Although this dis-
crimination is often very valuable, a
large number of cases occur where not
only is it not required, but must be
eliminated as far as possible. A close
study of this point has been made and it

\

ZERQ LOAD

tacts to close. Consequently, if the 1is now possible to control the degree; of
contacts close on discrimination
an overload the over a very wide
breaker is free to 021 SECONDS ; . range.
open in normal | 00875 seconbs 1
fashion. ‘ Rating and

The circuit 12500 Performance.
breaker is  held ‘ AMPS. The high-speed
closed by a hold- circuit breaker as
on magnet “ H ” described in the
(Fig. 2), which may T~ i preceding para-
be excited from the Fig. 5.—OSCILLOGRAM OF 2,000 KW. ROTARY graphs is  manu-

busbars or from the
line, When wused

BEING CLEARED

CONVERTER ON TRACTION LoAD, SHORT CIRCUIT
BY HiGH-SPEED
BREAKER.

factured for capaci-

CIRCUIT _
ties up to 4,000












December

THE PRACTICAL ELECTRICAL ENGINEER

179

this is carried out by means of cable
drums as illustrated. These drums are
either motor operated, gear-driven or
spring controlled.

The magnet is suspended from the crane
hook by chains attached to convenient
Jugs on the magnet shell.

Construction of the Rectangular Type.

The construction of the rectangular
type is similar, except that the arrange-
ment of poles is different. As this type
lifts from a regular surface, such as a pile
of sheets, and the flux distribution is
lateral, a lighter construction is satis-
factory compared with the circular tvpe.
When lifting very long thin sheets there is
a decided tendency for them to peel off
the magnet, and this can be overcome bv
using two or more magnets suspended
from a spreader beam slung from the
crane hook. An experienced operator
can lift half a dozen plates at one time,
and yet drop them one bv one—the use of
a series resistance gives the operator a
very sensitive touch.

Construction of the Bi-polar Type.

The bi-polar tvpe consists of a central
core on which is wound the coil suitably
protected by a circular brass shield. Two
cast steel poles are bolted to the central
core. The suspension bridge is of non-
magnetic material to prevent leakage of
flux through the suspension chains.

The Magnet Winding.

The winding of a magnet forms a very
highly inductive circuit, and should the
circuit be opened directly, the voltage rise
is liable to disrupt the insulation, and to
overcome this risk a non-inductive resist-
ance is connected across the windings at
the instant of breaking the circuit.

Controllers.

Controllers of the type met with in
tramwayv work are used. Series resistance
steps provide adjustment of lifting power.
The design of these controllers has to be

very sound from the mechanical point, as
the operations may exceed 60 per minute.

The residual magnetism present will
often prevent the rapid dropping of the
load, and to ensure speed in this operation,
a demagnetising step is fitted to the
controller whereby the current direction
is rapidly reversed.

Lifting Capacity.

The weight which a magnet will lift
depends greatly on the permeability of the
load to be lifted, and whether it consists
of loose material or a solid block. A magnet
will lift five to 15 times its own weight of
solid block depending on the diameter of
the magnet.

Examples of the lifting capacity of
typical circular magnets are given in the
following table :—

Average litting capacity, cwt.

Dia. Weight, Solid Pig
inins. Ib. Ingot. Ball. Scrap Iron.
26 730 100 75 11 [
36 2,100 170 Q0 4 10
48 3,900 240 160 10 18
56 5,660 340 180 13 24
66 7,600 440 230 16 30
76 9,000 525 230 20 35

The enormous difference in lifting
capacitv when lifting a solid ingot and
loose turnings and similar scrap is well
exemplified by the table. The very poor
lifting capacity of turnings is due to the
low weight per cubic foot, and the fact
that they are usually entwined, and though
the top layers mayv be attracted they are
pulled off by the weight of the lower.

The greatest saving in labour occurs
when lifting those materials which are so
difficult to move with forks. Pig iron can
be lifted direct from the bedsto the trucks.
As an example, 6o tons were lifted in 60
minutes. While the magnetic properties
of iron wvanish at certain temperatures,
materials can be lifted sooner than byv
hand labour. It is not advisable to lift
above a very dull red heat.

We are indebted to the Rapid Magnet-
ting Machine Co. for the loan of the illus-
trations.
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culprit in the act or failing this, make a
recurrence impossible. A good plan is
to cut the span dead which passes over the
suspected premises, feeding the lines
another way; the culprit then wonders
why hisneighbour’srelay continues merrily
when the lines are short circuited.

Test Boxes.

These should be arranged wherever an
important spur branches from the main
line. 1f these boxes contain fuses graded
according to the numbers of speakers to
be fed through them they are a great
help in locating intermittent faults and
also serve to restrict the area affected by a
fault. By removing the fuses resistance
readings and current readings may be
taken. If the box is arranged at the
eaves or at the gable end, testing is made
less dangerous and damage to the roof
prevented. Suitable test boxes for this
purpose were illustrated in the November
issue of this magazine.

The following table of fuses gives the
values found by practice to be the most
suitable choice from the standard ratings
available :—

Table of Fuses. .
Carrying Capacity.

Loudspeakers.
I —Io 60 mA.
10 —20 120
20 —50 250 ,,
50 —I00 350
100—250 500 s
250—7500 750
500 upwards I amp.

It will be observed from this table that
the fuses are not proportionate to the
number of loudspeakers to operate through
them, but it must be remembered that
it is the amplifier which supplies the
current which has the fuses to break
down and not the number of speakers
which operate through same.

Short Circuit.

Internal faults in subscribers’ installa-
tions are sometimes difficult to locate.
Where a short circuit occurs inside, a fuse
at the lead-in should blow, and the trouble
should be rectified by the serviceman.

Contacts between programmes in a sub-
scriber’s premises do not, however, break
down the fuses, but where this is suspected
a D.C. voltage imposed between the two
programme lines should blow a fuse in the
defective installation; the subscriber then
reports his reception faulty in the usual
manner, whilst the rest of the service
should be unaffected.

Occasionally cases are found where a
subscriber has substituted his fuse, especi-
ally where these are of the miniature
screw type, and one instance is on record
where a faultsman,on a cold night round
about Christmas, traced a short circuit to
a house in which a fairy lamp was gaily
flickering in the fuse holder.

Some Humorous Aspects of Radio-relay
Faults.

Radio-relay faults are not always to the
discredit of the service and at times not
without a spark of humour, one example
being an occasion when a relay wire came
into contact with a bed of Post Office
telephone lines and two telephone operators
became subscribers the following day;
on another occasion when a contact
occurred with a Post Office power wire
and the relay transmission found its way
into the battery room of an automatic
exchange affecting every instrument on a
1,500 subscriber exchange and the trunk
lines for 40 miles around. This provided
a splendid advertisement for the relay
service, but it was not until some time
later, however, that the Post Office Engi-
neering Dept. appreciated the humorous
side of the situation.

Other instances on record are of a Co-
operative Telephone Service which in-
advertently gave B.B.C. programmes and
a fire alarm system which did likewise.
The effect of this has been somewhat
spoiled since the dual programme working
was introduced, the free entertainment
being now somewhat mixed.

Perhaps the most baffling problem with
which the writer has been faced, is a
complaint from three private set owners in
one street, who contend that their batteries
have required charging more frequently
since the radio relay service was intro-
duced.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to * The Practical Elecirical Engineer,”’ 8-11, Southampton Street, Strand, W.C. 2.
Envelopes to be marked * Problem * in the top left-hand corner. Replies to questions
are also invited and all replies published will be paid for at our wusual rates

THIS MONTH’S NEW QUESTIONS

A Question About Power Factors.

On an A.C. system 3,300%. 3 ph. 50 cycles,
there 1s conmected one 70-h.p. induction
wmotor, v.p.m. 720, divect coupled to a D.C.
generator, 110 v. 45 EW. Also a trans-
Jormer EVA. 100, $P.v. 3,200/6,400, s.7.
400 50 cycles.  Across the induction motor
s connected a condenser 35 RVA. 3,300 v.

I obtained the power factor of the system

by

READING (1)

No of revs. of meter dis. per kW. = 12.12
No of revs. of meter dis. per sec. = 35

_ 3,600

kWL = 104 kW.

Readings of voltmeter = 3,100,
Readings of ammeter = 24 kVA,

_ VB X 3100 X 24 _ gy
1,000
104
: = —% — 8I.
power factor 358 I
Readings of ammeter to motor = 6 a
Readings of ammeter to transformer = 16 a

ReaDING (2)
No of revs of meter dis. per sec. 44.5

kKWL = 3’60;’ = 81 kW. approx.

Readings of voltmeter = 3,100.
Readings of ammeter = 20 kVA.
:'\/3 X 3,100 X 20 = 107.
1,000

107
ver f = =
power factor 81 .76

Readings of ammeter to motor = 4a .
Readings of ammeter to transformer = 12 a.

How can I obtain the separate power
Jactors of the motor and the transformer?
Also tof I put a condenser acvoss the
sccondary terminals of the transforiner,
what effect will it have on the molor when 1t
is rumning light load ?

H. TaArRraNT.

The Rapid Cable Calculator.

1 was greatly interesied in Jie article
published in the Jume issue, entitled
“ 4 Rapid Cable Calculator.” I should,
thercfore, very wmuch appreciate 1t if you
could explain the theory wpon which the

sliding scales ave calibralcd.

M. J.S. (W.Cr.
The Metropolitan Vickers Four Panel
Board.

Could you oblige me by giving me a
description of the Metropolitan Vickers
Four Pancl board (M. U. iype) 6oo-vols
for A.C. work, which has the push button
movement ?

I should like to know more of 1is operation
than I do at present.

H. E. TUrNER (Notts).

Predetermining the Direction of Rotation
of Three Phase Induction Motors.

I will be greatly obliged if you will give
particulars of the method of predetermining
the direction of rvolation of ihvee phase
induction wmotors, with star or delta con-
nected stators.

S1Ga1A.

Constructing an Electrolytic Rectifier.

I was greaily inferested in  an
article appearing im THE PRACTICAL
ErecTrICAL ENGINEER, Vol. I. No. 10,
on how to construct an electrolytic vectifier.
Would you please inform me how to procutre
the intermediate tappings, say 60 volls and
T00 volts, also what method of smoothing
wonld you suggest? Our current 1s 130
volts 4.C. 30-cycle.

J. W. W. (Stanfree).
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REPLIES TO PREVIOUS QUESTIONS.

Windings for a Small Motor.

Could you please advise we the gauge
and number of turns to wind a small motor
Jfor 30 volts, 2 amps. D.C.? The particulars
are as follows : Armature, 2% tn. diameter,
3 in. long. Fifteen-slot circular about § in.
diameter.  Fifteen-part commutator. Four
fields, 2 x11 X1 in. each.

A. T. WiLson (Ayr).

Below I submit the winding particulars
for the small motor as asked for by Mr.
A, T, Wilson, of Ayr, in the November
issue of THE PRrAcTICAL ELECTRICAL
ENGINEER.

Armature.—Slots, 15. Commutator sec-
tions, 15. Wave wound with 15 coils and
20 turns per coil of .028 in.dia.s.c.c. (gauge
22). The coil span will be from 1 to 4
slot and the commutator pitch will be
I to 8 sections. As there are two coil sides
per slot, the total conductors per slot will
be 40. This leaves ample room for insu-
lation and a wedge at the top of the slot.

Fields.—1,200 turns per coil of gauge
28 s.c.c. (.0148 in. dia.). The resistance of
each coil will be about 35.6 ohms, ana the
field current will be about .21 amp.

This motor will run at about 2,000 r.p.m.
if the air gap is 4% in., which is a usual
gap for such a motor. -

S. WoopHOUSE (Leeds).

Trickle Charger for a Model Railway.

I wish to set up a irickle charger in
connection with a wmodel railway. The
power is obtained from a 12-volt car accumu-
lator of 40 amp.-hour capacity.

It is proposed to use a Westinghouse
metal vectifier giving 12 volts I amp., as this
1s the most convenient. However, since one
cell when fully charged gives 2.2 volts, six
such cells will give 13.2 volts; in other
words, the accumulator 1S wnever fully
charged. Is there any way of gelitng over
this difficulty other than, say, charging
three cells at a time from the vectifier ?

B. W. Hixp (Pinner).
If the model railway has a series

wound motor with laminated field and
armature, it will run on A.C., and may

be run from the mains via a transformer
and the rectifier and accumulator need
not be used. If it is essential that the
accumulator be used, the rectifier will
stand the extra 1.2 volts as the current
will be low at the end of the charge,
due to increased back E.M.F. of the
battery. If the correspondent has yet
to obtain his transformer and rectifier,
perhaps the Westric charger would be
best for his purpose, being designed to
charge car batteries. W. WaTson.

Miniature Circuit Breaker for House
Lighting.

Is there any definite regulation prohibiting
the use of a muniature civcuit breaker on
the live leg of am ordinary house-lighting
civcuit, the meutral being conmmected divect
to a neutral bar? I have in mind a sub-
circuit as above, permitting the one conivol
only and therefore dispensing with ihe
usual fuse in either leg and a tumbler
switch on the lve leg.

The meutral is at earth poiential, and
provided the meutral wive can easily be
disconmecied for testing, is there awy reason
Jor imsisting upon two fuses?

R. W. KAxE (Johannesburg).

If your correspondent refers to supply
conditions in England, it is essential
that a circuit breaker breaks both con-

7
m é Neutral”  seljee
= aoles
Ay e
Substation Live Pose % ) sp
A ’/gmczgt
Fauly %’” d

ductors simultaneously. Assume a lay-
out as above, if the local ground is dry
or has a high resistance for any reason,
under fault conditions, assuming a fault
on the mains to earth at A, it is possible
for the neutral to have quite an appreciable
voltage to earth, and for the house
wiring even with the circuit breaker open
to have a dangerous potential to earth.
A double pole circuit breaker will
definitely render the house-wiring safely
dead where open. W. WarsoN.
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The servicing of vadio veceivers has been greadly
simplified by the new WESTON wmethod of
Selective Analysis, descvibed wn this issue
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A Profitable Study.

An application of electricity which has
1p to the present only been developed to a
raction of its full possibilities is that of
foodlighting. During the past five years
nuch use has been made of this type of
llumination in large cities and in connection
with important functions, such as the Alder-
shot Tattoo. There is, however, no denying
‘he fact that at the present time there is a
great possibility of expansion in the use of
this special type of lighting. Churches,
hotels, theatres and large stores such as are
found in moderate-sized towns lend them-
selves particularly well to this style of treat-
ment. Floodlighting properly applied brings
>ut the architectural beauties of a building
in the most striking way.

The installation of floodlighting serves a
threefold purpose :

(a) Tt advertises very effectively premises
or other objects to which it is applied.

(b) It impresses on the public the fact
that electric lighting has much greater
possibilities than merely for utility purposes.

(¢) It provides the enterprising electrical
installation engineer with further scope for
his activities.

Here are some of the purposes to which
floodlighting has been effectively applied
during recent months :(—

Aerodromes ; bathing pools (open air) ;
building construction ; building excavation ;
car parks ; colliery yards ; covered baths and
swimming pools ; fire brigade and salvage ;
flags ; gardens; hoardings; loading docks,
stc. ; light wells ; memorials, statues, etc.;
outdoor skating, etc. ; pageants, etc. ; parade

grounds ; prisons, etc.; quarrying ; railway
yards, etc.; roadmaking, etc.; sports (fooi-
ball, bowls, croquet, etc.) : storage yards, etc;
ships’ funnels; factories ; theatres; town halls;
cinemas ; large stores ; churches.

Naturally, the particular type of flood-
lamp and the general arrangement of the
lighting depend upon the purpose for which
the floodlighting is required. There is no
reason why the floodlighting on local
buildings should not be installed by local
electricians. If you are interested in elec-
trical installation work why not approach
one or two likely users of floodlighting in
your own district ? Remember that your
first floodlighting installation will provide
a permanent free advertisement for your
work.

A most interesting brochure on the subject
has just been issued by the General Electric
Company, Magnet House, Kingsway. We
recommend every reader who is interested
in modern applications of electric lighting to
apply for one of these, mentioning THE
PracTicAL ELECTRICAL ENGINEER. Ask for
publication F6.469.

Tariffs.

In our issue ot October we expressed the
opinion that to secure a wide and rapid
adoption of electricity in undeveloped
districts the effective price to consumers
should be from o%d.to 1id. a unit. We are
still of this opinion. The fact remains,
however, that at the present time there are
enormous differences in the prices charged in
different localities. No doubt many of our
readers have been asked to explain to their

0
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non-electrical friends why it is that in one
district electricity costs perhaps 14d. a unit
and in another district 6d. a unit. We,
therefore, have asked Mr. Oliver Howarth,
M.IE.E.,, to explain how these widely
differing prices are arrived at. We print his
article on page 195, and hope that some at
least of our readers will find it useful when
answering awkward questions of the kind
indicated above. In the meantime, we
strongly urge upon those responsible for the
prosperity of the electrical induastry the
importance of reducing the tariffs in those
districts where they are unreasonably high,
even if this means for a time paying lower
dividends to shareholders.

Another Weston Instrument.

The progress which has taken place in
electrical engineeering during the past 15
years has been due very largely to the
facility with which electrical current, voltage
and resistance can be measured. Where
exact measurements can be taken accurate
calculations can be made enabling results to
be foretold. Electrical instruments also
enable one to tell immediately where a
fault exists. The new Weston Analyser,
which is described on page 189, represents the
latest application of scientific measurements
to radio receivers. By using this instrument
it is possible rapidly to take readings in
every part of the circuit of a modern receiver
with the exception of the input from the
aerial circuit. Valve emissions, grid current,
L.F. and H.F. transformer output, voltages
between various points, can all be read off
quickly and accurately.

The servicing of commercial wireless
receivers is becoming every day of more
importance. These sets have been sold in
very large numbers during the past two or
three years, and the sales are continuing at
an increasing rate. After a year or 18 months
in use even the best sets are liable to develop
faults. Reception may deteriorate owing to
the gradual loss of emission from the valve
anodes. Any such deficiency can be demon-
strated immediately by the use of this
instrument, which entirely eliminates guess-
work in the servicing of receivers.

A Novel Application of Electricity.

In an article beginning on page 208 will
be found a description of one of the latest
applications of electricity in industry, i.e.,
in connection with the humane slaughtering
of animals. IfMs found that a low-voltage
electric current scientifically applied can be

used to cause complete unconsciousness
in animals which are to be slaughtered. It
is not impossible that a somewhat similar
method may be used as a substitute for
chloroform, ether and other anesthetics;
but before this is applied to human beings
it must be shown conclusively that the use
of electricity in this way does not produce
any permanent injury to the tissues or
nerves of the subject.

Another Flashing Electric Sign Switch.

Much interest was shown by readers in the
article which appeared in our December
issue describing the construction of a switch
for controlling a flashing electric sign. This
month we publish an improved design
suitable for dealing with fairly heavy currents.
Full constructional details for this are given
in the article which begins on page 216.
With the increasing use of electricity as an
advertising medium there is a very wide
scope for the use of signs and flashers,
especially in smaller towns where the
development in this direction is as yet com-
paratively small.

Vehicle-actuated Traffic Signals.

Road signals which are actuated by
vehicles passing over a prepared strip of the
road in front of the white line are coming
more and more into use. Readers will
remember that in our issue of July we gave
technical details of the Electromatic system.
This depended for its operation upon the
vehicle depressing a mat in the roadway
and completing two electrical contacts.
In the Autoflex system, described on page
199, the vehicle passes over a pneumatic
mat which sends a puff of air into bellows
the rising of which closes the detector con-
tacts. Another feature which distinguishes
the Autoflex from other systems is the fact
that the whole of the electrical switching
is carried out by means of relays. The
method used to obtain delayed action in the
closing of the relays is particularly interest-
ing. It utilises the fact that a condenser
can be discharged as slowly as desired, pro-
viding a sufficiently high resistance is used
for discharging it, in conjunction with the
fact that a neon tube will not allow curient
to pass until the voltage across the ends of
the tube exceeds a certain value. The
ingenious adaptations of this principle as
embodied in traffic-control systems are
well worth serious study, even by engineers
who are not directly interested in traffic-
control apparatus.
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VaLve TEesting TasLE (TypE 8304 PHILIPS RECEIVER).
Measure Normal Reading Reading Too Low,
To Measure Between Readings Too High, Examine Remarks
Examine B
L2, S4VB (1)
Plate voltage Plate and
cathode 160-175 V Sr1o0, S11, C4, R3
Screen voltage .. | Screen grid
and cathode 70—80 V. Rz Ri1, C3
Plate current Plate 17-23 ma. R6-R7 L2, R6-R7, S10-I1
R3, C4
Grid circuit S7-8-Rg Continuity test
remove valve
L3, S4VB (2)
Plate voltage Plate and . "
cathode 160-1I75 V. Si2, Rio
Screen voltage .. | Screen grid
and cathode 70-80 V. R4, Cs5, R10
Plate current Plate .. 1.7—2.5 m a. C16 L3, S12, C5, Ry, 11
and 10
Grid circuit Ri18 Continuity test
remove valve
Lg (244V)
Plate voltage Plate and
cathode 75-85 V. R4, C23,C5, S23
Plate current Anode 4.0-6 0 m.a. Cz24, Cx7 | L4, R13,R4, Cs5
: S13, C23
Grid circuit Ri13 Continuity test
remove valve
Ls (PM24A)
Plate voltage Plate and fila- S16, St15, C20, C21,
ment 145-175 V. Lz
Aux. grid volt-| Screening grid
age and fil. 145-175 V. L1
Plate current 14-17 ma. | Si4, R8, S5 | L1, L5, S15-16,
C20-Cz21
Grid circuit S14, RS, S5 Continuitv test
remove valve
Heater voltage .. |Across filament | 3 9—4 V. Mains trans- | Mains transformer
former

T [ ) b 2
i
56 "|2 $13 S 15462
gsv L ]
(== {
ss$¥ Czrcm =% = I :M
[« i j e *—o
R8 RS :
ca oo |
gl I
N 4
—— Re R = )
53 R2 S w3 [T o4 cS == 9€] |
3 ce = - 5
1
R % “g . R4 - L6

Fig. 2—THEORETICAL CIRCUIT DIAGRAM oF PmiLips TYPE 8304.
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most comprehensive
instruction book, a
brief set of operat-

Ohmic Resistances of Coils Type 830A
Philips.

to do this, as the
actual procedure to
be followed varies in

ing instructions and Ciremt |

Resistance in

| the case of each

a valve base chart Designation | Ohms | Remarks. different make. Suf-
for British valves, ficient information
the latter being \ ) has, however, been
fixed in the lid. The S8, S1I 21—23 | For desig-  given to enable the
instrument is very S6-7, S9-T0 3.2—3.3 | nations re- reader to appreciate
compact, light to SI2 .- | 31.0—37.0 | ferred toin the possibilities of
carry, and is up to SI3 340—420 | col. 1, see this novel and in-
the wusually high S14 1,460—1,780 | circuit genious instrument,
standard of Weston ~SI5 925—T1,135 | diagram and we are content
workmanship. Sty 129—157 Fig. 2. to leave the matter

Undoubtedly it at this. If you are
is an instrument desirous of obtain-

which should be in the hands of every
dealer who prides himself on being up to
date and efficient in his work. It is not pos-
sible in the scope of this article to deal fully
with the systematic testing of a typical
wireless receiver. Nor do we think it
would be fair to our readers to attempt

ing further information write to the
Weston  Electrical Instrument Co.,
Ltd., Kingston By-pass, Surbiton, Sur-
rey, who will be pleased to send de-
tails of this ingenious instrument to
any reader of THE PRACTICAL ELECTRICAL
ENGINEER,

HINTS AND TIPS FOR THE PRACTICAL MAN

Readers are invited to send brief paragraphs for inclusion in this
section. All contributions will be paid for at our usual rates

TO SOLDER NICKEL PARTS.

A suitable grade of solder for joining
nickel parts consists of three parts of
yellow brass to one part of silver. A
cheaper grade of solder is one containing
15 parts of yellow brass, 5 parts of silver
and 4 parts of pure zinc.

The solders mentioned may be made
with the aid of a blow pipe, furnace or oxy-
acetylene flame as the source of heat.
When wusing these nickel-solders borax
should be used as a flux.

TURNING HARD FIBRE ROD.

The electrician frequently requires parts,
for electrical apparatus, turned in the
lathe from fibre rod. In this connection
it may be mentioned that hard fibre and
also ebonite should be turned with tools
similar in shape to those employed for
machining brass, but without any top
rake.

The cutting speed should be from 6oo
to goo ft. per minute. Thus, a cylinder
of 2 in. diameter would have to rotate at
about 1,600 revolutions per minute.

It will generally be found that tools
used for turning hatd fibre wear fairly
quickly. For this reason many firms
concerned with the quantity production
of hard fibre parts use diamond-pointed
tools, employing a type of black diamond
known as ‘“bort’ ; these coloured dia-
monds are comparatively cheap compared
with the clear variety and they have an
exceedingly long life. Moreover, when
one of the “ points ” wears, another may
be brought into action by remounting the
diamond in its holder.

WAX FOR DRY BATTERIES.

A suitable wax for use in filling up the
tops of dry cells and coating the tops of
carbon electrodes can be made by heating
together the following ingredients :—

Paraffin wax 8 parts.
Pitch .. I part.
Lampblack

The melted mass should be stlrred until
all the ingredients are thoroughly mixed.
The mixture should be poured into the
cell tops or a brush may be used for
applying it.
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TARIFFS FOR ELECTRICAL ENERGY

By O. Howarra, M.LE.E., M.Am.LE.E.

HERE are two main factors which
govern the price of most com-
modities : one is the value to the

purchaser, the other is the cost of producing
and delivering the commodity to the
purchaser. If the cost exceeds the value
to the prospective purchaser it is useless
to embark upon the production of the
commodity. The value is not likely to
be the same to all prospective purchasers,
and therefore the lower the cost the
greater the number of purchasers—there
is a saturation point, of course, but it is
usually remote—and thus the supplier
has an incentive to reduce his costs in
order to increase his sales.

Why the Price of a Particular Commodity
Will Not be the Same in All Places.

Electrical energy is a commodity which
can be used for various purposes for
which energy is required. The value of
the energy to the purchaser is determined
by the use to which he puts it, and, as
will be shown later, the cost of supplying
him with the energy wvaries with the
varying uses—hence the different rates
for different purposes. The price must
cover the cost of delivery to the place
where the purchase is made, and, there-
fore, the price of a particular commodity
will not be the same in all places.

An Analogy.

For instance, the cost of supplying a
cup of tea at the top of Snowdon is more
than the cost of supplying one in an
ordinary city tea shop. Fortunately for
the caterer there, its value to the purchaser
is greater at the top of Snowdon than in
the tea shop.

Electricity Supply Undertakings Have No
Monopoly.
There are those who think that elec-
tricity supply undertakings have a mono-
poly and can fix their prices without

regard to the above considerations, but a
little reflection will show that such is
not the case. Supply undertakings have
not a monopoly of the supply of energy,
only of the supply of elecirical energy.
There are alternative forms of energy
available which can be used for the
purposes for which electrical energy is
used, and the purchaser has his choice.

When a house is built in the average
urban district there is usually the choice
of electricity, gas, coal and oil for various
household purposes, but there is rarely
any choice of water supply. Water supply
is a real monopoly in urban areas. The
builder is compelled to install a water
supply, and it must be obtained from the
local water supply undertaking. Not so
with electricity; ordinary commercial con-
siderations determine whether electricity
will be installed or not.

Items that Determine the Cost of Affording
a Supply of Electricity.

The total cost of affording a supply of
electricity can be divided up into a multi-
tude of items each influenced by various
factors. It is not practicable in a short
article, nor is it necessary, to enter into
a detailed discussion of the various items.
A consideration of the effect of the cost
of generation, transmission, distribution
and administration upon the cost of
affording the supply will enable the reason
for different prices in different areas and
for different purposes to be understood.

The Question of Generation.

Generation is easily dealt with, as the
grid tariff represents the cost of generation
and is the cost at which an undertaking
buys at its station bus bars. The tariffs
so far published by the C.E.B. have
sliding scales for the kW demand charge
which commence at £3. Ios. and come
down to £2. 15s. per kW per annum. The
kW demand is defined as twice the largest



196

THE PRACTICAL ELECTRICAL ENGINEER

January

number of units taken during any half-
hour in the year of account. It should
be noted that this is a higher figure than
the average of the monthly or quarterly
demands, as a high demand during No-
vember or December will increase the cost
of electricity purchased from the C.E.B.
during the preceding Io or II months.
The grid price per unit is of the order of
0.2d.

Cost of Transmitting Depends on Size
and Nature of the Area.

The cost of transmitting electrical
energy from the point of generation to
the various distribution centres will be
determined by the size and nature of the
area. If small loads have to be tfrans-
mitted considerable distances the cost
per kW of demand will be much more
than if large blocks of power can be trans-
mitted to distributing centres within a
few miles of the generating station.
The kW charge may thus be increased by
anything from £1 to £3 per kW, and the
iron losses in a multiplicity of trans-
formers continuously energised may be
equal to 25 per cent. of the units sold.
The price of electricity delivered to the
distribution system may therefore be
taken as of the order of £4. 10s. per kW
of annual maximum demand, plus o0.25d.
rer unit.

The Cost of the Distribution System.

The cost of the distribution system
will vary with the nature of the area. In
general it will be a low tension system
in urban areas and a mixed high and low
tension system in rural and semi-rural
areas and in large cities where the load
density is high. The cost of space for
transformations and of breaking up streets
is high in cities and tends to nullify the
economic advantage of high load density.
An examination of the published records
of capital expenditure and number of
consumers for a variety of undertakings
receiving a bulk supply, and who, there-
fore, have only the distribution system
to provide, shows the capital expenditure
upon this item to vary between £20 and
£60 per consumer.

Administration Costs.

Each consumer must have his meter
read, his account made out, and so on.
Various records must be kept and atten-
tion given to complaints and enquiries.
Office accommodation must be provided.
In short, all those items classed under
the heading of management or adminis-
tration must be paid for. An average
administration cost for normal under-
takings is 25s. per consumer per annum.

The Four Items Combined.

The four items of generation, trans-
mission, distribution and administration
can now be combined for consumers
fed from the low tension network. Ex-
perience has shown that a house having
two living - rooms, scullery and three
bedrooms uses on the average 130 units
per annum for lighting and imposes a
demand of 0.05 kW on the peak. This
demand is per consumer and incorporates
what is known as diversity. That is, it is
less than the consumer’s actual demand,
but is the amount by which he increases
the peak load of the undertaking.

A Typical Example.
The cost of generation and transmission
is combined in the price of £4. r0s. per kW

per annum, plus 0.25d. per unit. The
cost of 130 units per annum will be :—
0.05 kW at £4. Tos. 54d.
130 units at 0.25d. 33d.
Total 87d.
A cost of 0.66d. per unit.
Administration at 25s. per con-
sumer per annum .. . 300d.
A cost of 2.3d. per unit.
73 per cent. for interest and de-
preciation on distribution capi-
tal of £20 per consumer . 360d.

A cost of 2.77d. per unit.

This amounts to a total cost of
0.66 4 2.3 + 2.77 = 5.73d. per unit,

If the distribution capital is £60 per
consumer, the cost of this item will be
8.3d. per unit and the total cost will be
increased to 11.26d. per unit. Thus the
most important items in the cost of
electricity for lighting are the capital
and administrative costs, The mnature
of the area supplied may have such an
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effect upon the cost per consumer of
distribution as to make a difference of
6d. per unit in the cost of affording a
supply for lighting.

When the Supply is Used for Power
Purposes.

Where the supply is used for purposes
other than lighting the cost of the addi-
tional supply will depend upon the use,
but it is usual to average all domestic
uses other than lighting and charge one
price. A normal consumption for an
electric washboiler is 170 units per annum
and the addition to the peak load of the
undertaking is 0.15 kW per boiler. As-
sume there is no addition to the cost per
consumer of distribution or of adminis-
trative costs. The extra cost to the
undertaker of supplying these units will
be :—

0.15 kW at £4. Tos. . 162d.
170 units at 0.25d. 43d.
Total .. 2zosd.

A cost of 1.2d. per unit.

If still more extensive use is made of
electricity for heating and so on, and
800 units per annum are used in addition
to the 130 units for lighting with an
addition to the peak load of the under-
taking of o.2z5 kW, the extra cost of
supplying the units will be :—

0.25 kW at £4. Tos. .. 270d.
800 units at 0.25d. . 2ood.
Total .. 470d.

A cost of 0.59d. per unit.

Margin Allowed for Voltage Drops Due to
Power Appliances.

It must not be overlooked that the
addition of washboilers, cookers and
radiators, whilst they may only add a
fraction of a kilowatt to the maximum
load of the undertaking due to the di-
versity in the times when the various
consumers use these appliances, will
cause voltage drops in the distribution
system due to loading up individual
distributors. This will result in an in-
crease in the cost per consumer of the
distribution system, and some margin
must be allowed over the above cost to
cover this.

Prices based on the above costs in the
case of the £20 per consumer distribution
system might be :—

Lighting . 6d. per unit

Domestic power .. xd. per unit

Or, alternatively, a two-part tariff
with a fixed charge of 13s. gd. per quarter
for a house of the type described with a
charge of 2d. per unit might be charged.

In the case of the £60 per consumer
system the charges m1ght be :(—

Lighting Is. per unit

Domestic power .. 1}1d. per unit

Alternatively, a two-part tarift with a
fixed charge of 28s. gd. per quarter for
a six-roomed house, with a charge of
1d. for every unit consumed.

The reason for the higher running
charge under the two-part tariff and the
higher domestic power charge on the
£60 per consumer undertaking is to cover
the increased distribution charge per
consumer which would inevitably result
from the increased load.

Electrical Energy Used as Motive Power.

Another use for electrical energy is
as motive power. Experience shows that
while the use varies over a wide range,
the average small motor wuses about
4,000 units per annum for every kW
which .it adds to the peak load of the
undertaking. The cost of generation and
transmission is :—

1 XKW at £4. 10s. .. . 1,080d.
4,000 units at 0.25d. . 1,000d.
Total .. 2,080d.

A cost of 0.52d. per unit.

This cost is independent of the number
of units provided that the ratio of kW
to units remains the same. The cost of
supplying a small motor using 500 units
per annum from a f20 per consumer
distribution system will be :—

Administration at 25s. per con-

sumer per annum .. . 300d.
A cost of 0.6d. per unit.
7% per cent. of ,{20 distribution
capital .. . 36od.

A cost of 0.72d. per unit.

This amounts to a total of o0.52 +
0.6 + 0.72 = 1.84d. per unit.

If the distribution capital is £f6o per
consumer the cost per unit will be in-
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creased to a total of 3.28d. Obviously, an
increase of consumption, although accom-
panied by an increased kW demand,
will effect a reduction in the cost per
unit, but the distribution system will
have to be strengthened along the route
to a power user whose demands are above
a certain limit, and, therefore, the total
cost will never approach the lower limit
of 0.52d. per unit. A sliding scale would
be an appropriate charge for this type
of load, and in the case of the f20 per
consumer undertaking it might commence
at 2d. per unit and have a final price of
1d. per unit. In the case of the £60 per
consumer undertaking the corresponding
prices might be 34d. and 13d. per unit.

Only a broad indication has been given
of the way the price of electrical energy
is determined.

There are wvarious factors-—such as
local rates, which may amount to as
much as Io or 15 per cent. of the
revenue—which must be taken into con-
sideration when fixing prices, and while
the figures given are typical of what
obtains in some districts conditions are
so varied that they must not be regarded
as applicable to all districts. For in-
stance, the aforesaid addition to the
C.E.B. price to cover transmission would
be much too small in the case of a lightly
loaded transmission line to a remote
bulk supply undertaking.

COSMIC RAYS

HE power of X-rays to penetrate
large thicknesses of wood, flesh,
aluminium, etc., is well known.

Cosmic rays, however, are of much
greater penetrating power. They can
penetrate a thickness of several feet of
lead before they are reduced to one-half
their original intensity, whereas X-rays
would not penetrate 1 inch of lead.

As we ascend above the surface of the
earth, cosmic rays become more numerous.
This can be shown by balloon ascents,
such as that of Professor Piccard. The
original experiments on the power of
water to absorb these rays were done on
Lake Constance, in Switzerland. The
intensity of the rays was reduced to one-
half of its initial value 40 ft. below the
surface of the water.

What Cosmic Rays are.

Cosmic rays are probably very short
electromagnetic waves similar to X-rays,
ultra-violet light and ordinary light.
There are associated with them electrons
and other particles moving at a very high
speed of an order of 100,000 miles a second.

What Cosmic Rays Can Do.

Occasionally when penetrating matter,
e.g., lead, copper, glass, etc., the cosmic

ray goes right through an atom and breaks
it up into its component parts.

A copper atom has been observed to
break up into as many as 26 parts under
the influence of cosmic rays. Among
these parts we find electrons, protons,
alpha particles, and strangest of all a
positive electron has been detected.

Where Cosmic Rays Come From.

When scientists had assured themselves
that the rays did not come upwards from
out of the earth, several theories were
advanced as to their origin. The first
theory suggests that cosmic rays were
electrons moving with enormous velocities.
These electrons are produced during
thunderstorms.

More recent ideas seem to show that
most of the rays come from outside our
solar system. It has been suggested that
they may be produced by new elements
being formed in the depths of space, as a
result of all the energy which is radiated
as light and heat from the stars.

Fresh Fields to Conquer.

Further research work is required before
a definite conclusion can be arrived at, as
the subject is comparatively new to science,
and the field which it opens out is largely
unexplored.
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THE “AUTOFLEX VEHICLE- ACTUATED
TRAFFIC CONTROL SYSTEM

By Francis G. Tyack, Grad.LLE.E., City and Guilds Bronze Medallist

It will be remembered that in our issue of July we gave a full
description of the Electromatic traffic control system. Below
we give an outline of another system, the Autoflex, which
has been adapted for use at several important traffic centres

General Remarks on the Autoflex System.
HE use of red, amber and green
traffic signals for controlling the
traffic on busy cross roads and
junctions is so well known as to render it
unnecessary to describe these. The Auto-
flex system provides a means by which
the changing of the lights is automatic-
ally controlled by the traffic asit approaches
the cross roads.

About 70-100 feet before the white line
is reached a long strip of rubber mat is
let into the roadway so that every vehicle
has to cross this. Sections of this rubber
mat are shown in Figs. 3 and 4. Notice
that the mat is

pipe to the left-hand bellows (see Fig. 2)
thus closing the contact.

Quick Moving, Slow Moving or Stationary.
If the vehicle is moving quickly the
contact is of brief duration, if slowly
the contact remains closed for a longer
period. If the vehicle comes to rest on
the mat the bellows rise and make con-
tact and then fall because the pneumatic
system is open to the atmosphere.

Vehicles on Wrong Side of Road.
If, for any reason, a vehicle approaches
the mat in the wrong direction, i.e., on

ivi i THE AVERAGE DISTANCE 3
divided into FROM CONTACT BOX TO SureLy MAIN /,/
two compart- SIGNAL 15 70-100 FEET DErEcToR
ments containing COMBINED SIGNAL POST (PREUMATIC MAT)
air. Each of BUILT-IN CONTROLLER. {\ //‘”R PIPES

. [7;
these compart-
ments 1is con- Pﬁéﬁ%@fé
nected to a Copract
small  bellows. g
Q F -, SN
(See Fig. 2.) .
< 6-CoREA S,
/‘&66.‘,4‘751.55 .

2-CORE CABLE
TO EACH
CONTACT Box

How the Pneu-
matic Mat
Operates.

When a vehicle
is  approaching
the white line
in the ordinary
way it must
pass first over
the leading side
of the mat. This
sends a puff of
air down the
left-hand air

THE SENSITIVE PORTIONS
OF ADJACENT MATS CAN
BE BUTTED TO WITHIN
2" OF ONE ANOTHER

SECTION OF THE

NS

A CONCENTRATION
TERMINAL BLOCK
15 FITTED IN THE
BASE OF EACH

ORDINARY SIGNAL POST

Fig. 1.—LAv-ouT AND CABLING OF A TYPICAL STRAIGHTFORWARD INTER-
‘“ AUTOFLEX "’

VEHICLE-ACTUATED TRAFFIc CONTROL
SYSTEM.
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its wrong side of the road when moving
away from the white line, the right-hand
air channel in the mat is depressed.
This causes the right-hand bellows to be
raised. The edge of the bellows inter-
locks with the edge of the left hand
bellows carrying the electrical contacts,
and the left-hand bellows, therefore,

EEREREERNERERENEINENI
/

MNCRY
SELLONS MANES.
[ concT et THE BELLOWS Pl BMK NTER
oW ADAS] ATINL + S0 T
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(2 WIRES]
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A N »!—::_
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[ I .

"
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1S
S
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/1

MOTE THE ABSENCE OF
THE ROAD FOUNDATION iy "
iS NOT DISTURBED AIR CHANNELS IN RUBBER MAT RO FRAG

Fig. 2—D1agraM SHOWING THE PNEUMATIC
DETECTOR USED ON THE ‘* AUTOFLEX’’ VEHICLE-
ACTUATED TRAFFIC CONTROL SYSTEM.

cannot lift when the vehicle passes over
the other side of the mat.

The Functions of the Pneumatic Mat

Summarized.

From the above it will be seen that
the pneumatic detector takes account
of the following conditions :—

() A fast-moving vehicle approach-
the white line causes a brief closing
of the detector contacts,

(b) A slow-moving vehicle passing
over the mat causes the con-

tacts to be closed for a longer
period. The ““closed” period is
inversely proportional to the
speed.

(¢) A vehicle brought to rest on the
mat causes the contacts to re-
main closed for a period and then
become opened.

(d) A vehicle crossing the mat in the
wrong direction produces no
effect on the detector contacts.

We have now to discover what happens
when the detector contacts are closed.
Before proceeding to explain this, we
must digress for a few moments.

A Few Words about Relays.

The Autoflex systemisoperated through-
out by electrical relays. Every electrical
engineer is familiar with the simple type
of relay where a small current passed
through the coil of an electromagnet
causes an armature to be attracted and
so closes a second circuit. The principle
of the relays used in the Autoflex system
is exactly the same, but the point to
bear in mind is that most of the relays
used have a large number of contacts
so that two, three, or more circuits are
made or broken when a single relay is
operated.

How Delayed Action is Obtained.

It is fairly obvious that as the red,
green and amber lights have each to be
switched on for certain periods some
means must be provided for delaying the
action of some of the relays. The method
employed for this is ingenious and
interesting.

The Neon Tube and Condenser Circuit.
Fig. 6 shows a typical time delay
circuit. It will be seen that a neon tube
is connected in series with a relay and a
condenser across the supply terminals.
In parallel with the neon tube and the
relay is a charging resistance of 2,000 ohms,
and there is also a discharging resistance
(variable) which can be connected across
the condenser terminals by moving the
control contact from left to right.

How it Functions.
Look again at Fig. 6 and see what
are the electrical conditions of the circuit.
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CHARGING resistances, and Westinghouse metal
R 00 CONTACT rectifiers.

The equipment is as far as possible
.‘z’é%‘.'s'?-fﬁsce accommodated on relay set mounting

(VARIABLE, e Y, .
s, swey  Plates of the “jack-in” type, which
+ N 5 F CONDENSER are now standard for use in automatic
TUSE  Rilae  (NORMALLY ClARGED) telephone exchanges. These facilitate re-

Fig. 6 —THE Basic Timer CIRrcuUIT.

speed timer relay, i.e., the time interval
will depend :
(a) On the duration of time for which
the condenser is being charged.
(b) The value of the discharge re-
sistance.

Once the principle of these two circuits
has been thoroughly grasped, there should
be little difficulty in following the opera-
tion of the system. There is just one
other point.

The ‘‘Detached Contact’ System of
Drawing Circuit Diagrams.

To simplify the reading of the circuit
diagrams the circuit arrangements are
most conveniently shown by what is
known as the detached con act system.
In this system each relay is indicated
by a rectangle marked RW, DE, LC, etc.
A relay marked DE may have associated
with it three or more sets of contacts.
These contacts are shown separately
from the relay and are marked DEr,
DEz, DE3, etc. Thus, when relay DE
is operated, the contacts DE1, DEz,
DE3, etc., are closed or changed over
from their normal positions. Relays
marked with hatched lines at one end of
the rectangle are slow to release. Having
grasped all the above points the reader
will have no difficulty in understanding
the following description of this most
ingenious electrical robot.

The Controller Apparatus.

Standard Post Office telephone relays
are used for all switching functions, and
comprise the only moving members
throughout the normal equipment. The
movements of the armatures do not
exceed & in. A typical relay is shown
in Fig. 8.

The remainder of the equipment is
purely static, and consists of well-known
items such as condensers, neon tubes,

moval and replacement for inspection
purposes, and also permit very great
flexibility in the circuit arrangements.

A general view of a complete controller
can be seen in Fig. 13. This photograph
shows the complete equipment for a
normal controller. The timing control
switches are located in the compartment
above the relay set. The switches are
graduated in seconds.

No Oiling or Regular Maintenance
Necessary.

From the above description it will be
realised that no oiling or regular main-
tenance is necessary, and that the equip-
ment is capable of operation for long
periods without attention.

THE TIMERS.

The basic timer circuit is shown in
Fig. 6, and consists essentially of a
5 mfd. condenser in series with a neon
tube and a relay, and also a high value
resistance which can be connected across
the condenser when required.

As already explained, the neon tube
is used as it has the peculiar property
of acting as an insulator until the im-
pressed E.M.F. is sufficiently high to
ionise the gas and enable it to pass
current. The ionising potential remains
constant for a particular tube, and the
supply E.M.F. can be adjusted to suit
each tube by means of a potentiometer.

The Amber and Maximum Green Timers.

In the cases of the amber and maximum
green timers, the condenser is normally
charged, so that a large potential difference

is

CHARGING RIGHT-QF-WAY  DISCHARGE
RESIS TANCE RELAY RESISTAN(‘)
2000052 CONTACT  (VARIABLE

U‘u A v

DEMAND
RELAY SuF CONDENSER
FEED  Onacr  (NORMALLY DISCHARGED)
RELAY

)

et

Fig. 7—THE SPEED TiMER CIRCUIT
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one second), is used to
repeat the wvehicle im-
pulses to the timer cir-
cuit, so that extreme
accuracy of  impulse
o] reproduction is obtained.
There is no distortion
due to relay charac-
teristics, and signals
from high-speed vehicles
are transmitted as accur-
ately as those {from
low-speed vehicles. The
condenser charge periods
are correctly graded for
vl all speeds down to 2.5
miles per hour, at which
value the maximum
right-of-way period is
afforded.

) An explanatory
zo002|  diagram showing the
detector system is given
in Fig. 1I. The road
wes | connecting relay (RC) is
associated with the lamp
control relay (LC) as
explained later, and these
two relays ensure the
correct phasing of the
signal lamps and road
relays.

2

oez

220002

TimiNG
HEGULATORS

240v

TIMER

LAMP CONTROL.

Four contactors are
equipped in each nor-

mal two-part-cycle con-

Fig. 10 —EXPLANATORY D1sGRAM SHOWING THE Basic Circurr  troller, and are designated

It can be seen that as the condenser is
charged inversely proportionally to the
speed of each vehicle a corresponding

OF THE Two-PART CvCLE CONTROLLER. in accordance with the
lamps controlled, thus:—

“ A” Road Red Contactor .. AR

B’ Road Red Contaetor .. BR

Green Contactor .. .. GC

Amber Contactor .. .. AM

period must elapse before the potential
across the neon tube is sufficient for
striking, and this represents the right-of-
way period.

Repeating Vehicle Impulses to Speed
Timer.
A high-speed relay, capable of operation

The general arrangement of the con-
tactor contacts is shown in Fig. 10, and
it can readily be seen that although all
the desired standard indications can be
given, dangerous conflicting indications
(such as two simultaneous clear indica-
tions) are impossible.
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THE CONTACTORS.

The contactors are of the
ame type as the remainder of
he relays but are fitted with
ieavy tungsten contacts, each
;omprising three springs operating
n sequence, as can be seen in
‘ig. 9. By use of these springs
nd a patented spark-quench
rrangement the possibility of
prings “ freezing ” together is
nade non-existent, and arcing
5 completely obviated.

The load is carried by the
irst of the springs to open, and
he spark-quench condenser is
onnected to the first and second
prings. The supply is con-
ected to the third spring.

On opening the first two springs the
urrent is diverted to the condenser and
ecomes reduced as the condenser charges.
‘he impedance then enables the circuit
> be finally broken with absolute safety.
formal time lags on the contacts are
wre than sufficient for the charging of
1e condenser.

he Road Connecting and Lamp Control
Relays.

The main function of these relays is
) ensure that the road relays and signal
mps are correctly connected, i.e. they
lust ensure first of all that the road
flays and the lamps have the correct
lationship to one another and, secondly,
iey must control the road relays and
mp contactors so that right of way is
rrectly given to each of the groups
" roads as required. The fundamental
rcuit is shown in Fig. 10.

Both RC and LC are at normal when
ad A has the right of way, and
th are operated when road B has the
zht of way. The requirement is that

(uF SUCCESSIVE ACTION
l_Eb_\_.‘ o TUNGSTEN CONTACTS
IGNAL LAMPS 2\
SUPPLY MAINS

29

Fig. 12 —THE CONTACTOR SPARK-QUENCH
CIRCUIT.

RIGHT- OF WAY
RECAY

Fig. 11 —CIRcUIT ELEMENTS OF THE DETECTOR SYSTEM.

they should both operate or release, as
the case may be, on each operation of the
speed-timer relays (ST and STA).

When a change-over to road B is
required, STA2 operates RC and STA3
short circuits LC to prevent its immediate
operation. RC holds temporarily via
RC1 and LCr, and then via RCr and
STA3 at the termination of the speed-
timer pulse. LC operates and holds via
RC2 when the short circuit is removed
by release of STA. LCr and LCz open
to prevent holding of RC on the occasion
of the next pulse from the speed timer.

When a change-over to road A is
required, STA3 releases RC, and STA2
has no effect. RCz releases LC, which
does not, however, restore until after
the end of the speed-timer pulse, as it is
slow to release. RC cannot reoperate
at this stage as LCz is open.

THE CIRCUIT OPERATION
A CHANGE-OVER.

Fig. 10 shows the complete circuit
conditions applying to a normal con-
troller, but for the sake of clarity all
references to special facilities are omitted.

On receipt of a demand DE operates,
locking wvia DE3. DE1 prepares the
striking circuit of the speed timer and
DE2 commences the discharge of the
maximum green timer condenser. If
no further wvehicles pass along the road
having right of way, the speed timer tube

DURING
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METHODS OF APPLICATION OF CURRENT TO Pics AND CATTLE ALL SUBJECT TO BRITISH PATENTS, BUT
OBVIOUSLY EXPERIMENTAL.

applied to the brain or spine the sensation
experienced is not at all painful, but is, in
fact, almost fascinating. If the voltage
is gradually built up and the electrodes
are arranged so that the current passes
through the brain, an wuncontrollable
twitching is experienced at the eyes,
followed by red flashes at the frequency
of the supply, which continue to increase
until the current is sufficient to produce
UNCONsCclousness. This unconsciousness,
produced by confusion of the brain and
nervous system, is almost akin to mes-
merism, not shock.

By careful experiment, apparatus has
been designed to give the correct voltage
and pass the proper current for stunning
animals for slaughter, and instead of
gradually increasing the voltage as was
done in the case of the experiments, it is
now possible to render an animal un-
conscious immediately the current is
applied, whilst a continuation of the
current for 2—4 seconds, in the case of
sheep, and 8—15 seconds in the case of
pigs, is sufficient to ensure that the animal

will be unconscious of any pain, although
its heart and lungs will function normally
until almost the last drop of blood is
expended.

Thus, not only arethe animals despatched
as mercifully as possible, but, due to more
complete bleeding, the meat produced is
more suitable for human consumption.

The Electrodes.

The electrodes which apply the current
to the animal must of necessity be designed
to secure consistency in operation, and
whilst most of the electrodes available need
to be saturated with brine immediately
before application, there is one instrument
with large dry electrodes and another which
works quite well when the electrodes are
moistened with clear water.

The ‘ Electrolethaler * Method.

The ““ Electrolethaler ”” method employs
a pair of tongs or electrodes, and a switch
is built into the fulcrum of the tongs in
such a manner that the current cannot be
switched on until sufficient grip has been
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LOCATION AND REMEDY OF FAULTS IN
A.C, MOTORS

By “Trician

In the following article are described some of the common troubles
experienced with motors of the induction and synchronous
types, and the steps to take to remedy these faults

there is running electrical

machinery, to employ a man
with sound practical knowledge to
examine periodically all equip-
ments for mechanical and electri-
cal defects. There is much truth
in the old saying, ‘“ Prevention is
better than cure,” and this applies
particularly to electrical machi-
nery, as in many cases serious

IT is always necessary, where

Main Winding

Mains, |
Rotor Winding

I

2, L4

I8

trouble has been experienced
through inattention  during
operation. For instance, motor

bearings have seized because clean
oil has not been frequently and
properly applied, or the belt
tension not reduced when the bearings
commenced overheating.

The supply voltage should also be
frequently checked and steps taken to
ensure that the line pressure is not un-
balanced, as this will reduce the output
of the motors and produce unbalanced
phase currents.

Some of the troubles experienced with
induction motors and synchronous motors
are common to both types. These troubles

SUPPLY

MAIN  WINDING,

STARTING
WINDING.

Fig. 1 —SINGLE-PHASE MoTOR WITH WOUND ROTOR AND

GRADUATED STARTER.

will be dealt with later. It is proposed
to describe first of all faults peculiar to
each machine.

INDUCTION MOTORS.
Troubles at Starting.

If an induction motor refuses to start,
the first and most obvious thing to do is to
ascertain that the mains supply has not
been cut off, that the fuses or circuit
breaker are in order and position, also

that the starting switch is in the

correct position.

The motor should then be wun-
coupled from its load and tried for
free running, to check that the bear-
ings have not seized.

S Squirrel cage motors have a limited

i 2 P starting torque.  Therefore, if a
N & 3 ) motor of this type refuses to start, it

31l 2 moronr £ should be uncoupled from its load, and
i||Tg| TerminaLs  sTARTER " ] tried starting light. If it starts light,

| I the loading should be increased, until

" WiEw Firréo  the maximum against which it will

start is determined.
Fig 2 —SINGLE-PHASE MoTorR WITH SHORT- With a wound rotor, that is a Slip

CIRCUITED ROTOR AND GRADUATED StarTER  Iing motor, the trouble may be due to
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STATOR WINDING

ROTOR wINDING

MOTOR
TERMINALS
STARTING RESISTANCE

SWITGH

Fi1g. 3.—Two-pHASE MoTorR WITH WOUND
ROTOR AND STARTING RESISTANCE (MOTOR WITH
INTERNAL SL1P RINGS).

insufficient starting resistance, or to an
open circuit in the rotor.

An overload will cause excessive current
at starting, and it is necessary to reduce
the load to that for which the motor is
rated. A wrongly connected auto-trans-
former will also cause a very high starting
current and the output will be very low,
as only a reduced voltage is available.

Fig. 1 shows a connection diagram for
a single-phase motor with a wound rotor
and graduated starter, while Fig. 2
shows the arrangement for a single-phase
motor with short circuited rotor and
graduated starter. Connection diagrams
showing the arrangement for starting
different polyphase slip-ring motors are
given in Figs. 3 to 8, while Figs. 9* and
Io0 are connection diagrams for switching
polyphase squirrel cage motors direct
on the mains. By means of these diagrams

* For auto-transformer starting, the starters

are connected in the position occupied by the
main switch in Figs. 9 and 10,

STATOR WINDING ROTOR WINDING

3P

MOTOR
TERMINALE STARTING RESISTANC!

| W—

SWITCH

pud | Loty

F:g. 5.—THREE-PHASE MOTOR, STAR WOUND,

WITH WOUND ROTOR AND STARTING RESIST-
ANCE (INTERNAL SLip RiNgs).

ROTOR WINDING
BTATOR WINDING

STARTING RESISTANCE

BWITCH

Fig. 4 —Two-PHASE MoTOR WitTH WoUND RoTOR
AND STARTING REsisTANCE (MOTOR WITH
EXTERNAL SLIP RINGS).

it is possible to trace the connections of
the various circuits.

Motor Running at Slow Speed.

An induction motor generally runs at
about 4 per cent. below synchronism, the
difference between synchronism and full
load speed being known as ““ slip.”” The
synchronous speed is calculated by the
following formula :—

__Frequency X 120

RPM. = No. of poles

A very heavy load, or high resistance in
the rotor circuit (whether in the windings
or at the brushes), will cause greater slip.

It is sometimes found that a machine
starts up, but will not carry the load. If
the usual measures fail to locate the
trouble, it is most likely due to magnetic
locking between the rotor and stator
teeth. When such a fault occurs (which is
very unlikely with a machine in service,
as all motors are thoroughly tested by

STATOR WINDING ROTOR WinOING

sLv
RiINGS

SWITCH

BTARTING RESISTANCE

Fig. 6 —THREE-PHASE MOTOR, STAR WOUND,
wITH WOUND ROTOR AND STARTING RESIST-
ANCE (EXTERNAL SLIP RINGS).
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STATOR WINDING ROTOR WINDINO

"w

MOTOR
TERMINALS

Fig. 7.—THREE-PHASE MoTorR, MESH WOUND,
wiTH WOUND ROTOR AND STARTING RESISTANCE
(INTERNAL SLIP RINGS).

STARTING RESISTANCE

Q»
Oo

manufacturers before being sent out),
the motor should be returned to the maker
as there is no simple remedy. This
point will be most useful to engineers
engaged on testing, as it is during test
that this fault would occur.

The Motor Stops Running.

A motor will stall if it is overloaded
beyond what is known as the pull-out
torque. The machine will take many
times its normal current when this happens,
and the windings will burn out if the fuses
or the circuit-breaker do not operate
immediately.

The torque varies with the square of
the voltage, therefore the reason for a
motor stopping may be low volts. The
starting torque of a machine is very
much reduced when it is started under
low voltage. If low starting torque is
found to be due to this and the mains
voltage is correct, the remedy will prob-
ably be found in
using larger trans-
formers and larger
leads to the motor.

Worn  bearings
will cause the rotor
to foul the stator,
and when this
happens the motor
will stop or must

be stopped im-
mediately. ;J—l
3 Porx Swarcu
SYNCHRONOUS Fig. M9~;’I£H§f:31;
PHASE MOTOR,
Stal‘tg[lgTORs. WOUND, SWITCHING
. Dire
As in the case of IRFCTMA&Z. ©

R
STATOR WINDING ROTOR WINDING L

:. 5/
L1

—0
2 [ ]
Hﬁ—.—.—o
BWITCH

lmmc mn‘rnm&

Fig. 8.—THREE-PHASE MoTOoR, MEsH WoOUND,
wITH WOUND ROTOR AND STARTING RESISTANCE
(EXTERNAL SLip RINGS).

the induction motor, the first action
to take if a synchronous motor fails
to start is to ascertain that the
mains supply has not been cut off.
If this is not the cause, reduce the load
and try starting light. If this does not
effect a cure, the next thing to do is to
look for open circuits or faulty connec-
tions in the auxiliary apparatus; or the
fault may be due to incorrect rotor con-
nections which result in unbalanced circuits
and consequent failure to start. If thereis
an open circuit in the machine there will
be no current in the affected phase. If
the trouble is due to a short circuit the
current will be very high. It may be due
to earth faults, and if left running the
machine will burn out. The motor might
run for a short period with a single coil
burnt out, but if it is definitely ascer-
tained that the trouble is due to a short-
circuit, the machine should be shut
down.

Field Troubles.

It is sometimes
found that the field
of a motor is elec-
trically weak or
defective, If this
is so, the trouble
may be due to one
of several faults,
The voltage of the
exciter should be
checked, as it may

srocswion be 1ncorrect.

Fig. IOETHREE- Another cause of
PHASE OTOR

’ Tou ma

MEsu WouUuND, the t ble y

be an open circuit
in the field itself

SWITCHING DIRECT
oN TO Mains,
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or in the regulator. If it is found that
the fault is not in the direction of any of
these causes, it remains to check the
polarity of the field coil connections. This
is a fault sometimes experienced, and must,
of course, be remedied before the motor
will operate.

When starting, the field coils of a motor
are subjected to a high induced voltage,
which may cause the insulation to break
down and result in a short circuit. The
short circuit will be indicated by over-
heating and a high reading on the ammeter.
The machine will shut down or the arma-
ture become badly overheated if there is
an interruption of the field during opera-
tion.

In the event of the field current being
excessive, the polarity of the armature
coils should be tested for reversed con-
nections.

Armature Troubles.

A very high armature currentisindicated
by overheating, and when this occurs the
load should be reduced, or less done in the
correction of power factor.

The armature connections should be
checked when it is found that a motor
has an extremely low starting torque. If
the armature is slowly rotated, the
currents in the armature phases should
be about the same, but it does not neces-
sarily indicate that there is a fault if there
are unequal currents when the rotor is
stationary.

GENERAL.
Trouble Due to the Auto-transformer.

A very high starting current and very
low torque with the switch in the running
position may be due to the auto-trans-
former connections being reversed. If a

motor will not start, the change-over
switch may be faulty, or there may be
loose connections or an open circuit in
the transformer. A higher tapping should
be used, but the ammeter should be very
carefully watched when this is done.
Wrongly connected transformer windings
will considerably reduce the line voltage,
perhaps to zero.

Mechanical Faults.

Such defects as worn bearings, bent
shaft or insufficient end-play on sleeve
bearing machines can cause considerable
damage. Reference has already been made
to the first-mentioned fault, and it needs
little imagination to know what would
happen if the rotor shaft was bent.

The amount of end-play allowed for a
rotor on sleeve bearing machines varies
with, the size of the motor, but it should
be possible to press the shaft to and fro
while the motor is running. Insufficient
end-play will cause friction and heating.
There should be, of course, no slackness
of the rotor in the bearings.

Rotor Short-circuiting Switch.

Care should be taken with wound
rotors to ensure that the rotor short-
circuiting switch is operating satisfac-
torily, particularly if the switch is an
internal one. When the machine is
stopped the switch should automatically
return to position. If it opens when the
motor is running under load, the machine
will probably stop, or at least slow down.
This points to overload or a defective
short-circuiting mechanism.

In conclusion, the author wishes to
thank Messrs. Crompton, Parkinson & Co.,
Ltd., for the diagrams used in the article.

A USEFUL

A wuseful cold amalgam solder can be
made by shaking copper filings and
mercury in a vessel containing some dilute
sulphuric acid. The amalgam is made into
pellets and these are heated wuntil the
mercury exudes. After wiping the pellets
free from the mercury they are rubbed into

AMALGAM SOLDER

a soft paste in a mortar. The surfaces to
be united are first treated with a soda
amalgam having about 2 per cent. amal-
gam, and the cold amalgam is then applied
to both surfaces. The joint should then
remain under pressure for several hours
when it will have set firmly.
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AN ELECTRO-MAGNETIC FLASHING
' SWITCH

By H. J. BaLpwiN

In the December issue we gave details of a simple flashing electric sign

switch.

The following article deals with an improved form suitable

Jor use on circuits where fairly heavy currents have to be dealt with

" MAINS 200 -230 VOLTS.

>3

SRRING
CONTACT BLADE
N b

Q@ _Q O

15T CIRCUIT OF LAMPS/

2% CIRCUIT
3RWCIRCUIT 4
Pt--
ELECTRO-
4™ CIRCUIT MAGNET

-

DRIVING PULLEY
/BRUSH

--------------- ~= 6-10 VOLTS-SOURCE
MAINS VIA STEP DOWN
TRANSFORMER OR
1BRE SEGMENT VOLTAGE DROPPING
;-——~€- RESISTANCE

NB. DOTTED LINES DENOTES
LOW PRESSURE CIRCUIT
FULL LINES SHOW MAIN
LIGHTING CIRCUIT.

Fig. 1 —THE CIrRcTIT OF THE ELECTRO-MAGNETIC FLASHING SWITCH.

HE switch outlined in this article
I is in unit form so that it can be
arranged to operate any number
of circuits. Each circuit has a wipe
contact and a magnetic circuit breaker;
extra contacts and breakers can be added
at will while the sequence and time
interval between the ““ make ”’ and “‘break”
is widely wvariable, since the contact
wheels which are carried on a spindle can
be locked together in a variety of positions
The electro-magnetic breaker operates the
main circuit, while the wipe contact is
used in a low-pressure circuit. The former
is capable of breaking a current of 6-8
amps., which would cause undue sparking
and burning on a rubbing contact. The
friction between the wipe contacts and the
wheels is very much less than that on a
camshaft type of switch, thus very little
power is needed to drive it.

The Main Circuit Breaker.
The laminated blade is made from two

thicknesses of sheet copper, interleaved
with two laminations of spring brass.
Fig. 3 shows the details of the blade and a
simple method of roughly adjusting the
strength of the spring to the pull of the
magnet by filing away small sectors. A
small soft iron armature is riveted at
right angles to the blade, which in turn
is fixed down at one end to the fibre bridge
while the free end rests on a metal platform.
Immediately above the blade is an
adjusting screw carried on a brass bracket.
This permits of fine adjustment so thatthe
magnet gives a sharp pull down when the
wipe contact supplies current to the
bobbins. The natural spring in the blade
causes it to rebound when the magnet is
not pulling.

The Magnets.

The shape of the soft iron core can
be seen in Fig. 2, the material being
rectangular in section. The bobbins have
fibre or sheet ebonite ends glued to a
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central funnel composed of layers of paper
tightly held together by shellac varnish.
The tunnel is easily made by winding on
four layers of stout paper to a piece of
iron strip which has been coated with wax
to prevent the paper sticking to it; the
wax enables the completed tunnel to be
withdrawn easily when the adhesive is dry.

The bobbins are wound with 8 to 10
layers of No. 26 enamelled copper wire ;
the completed magnets should have a pull
of at least 1% 1b.

The Adjusting Bracket.

This is made from a piece of strip brass
and has two screw holes for fixing to the
base and one placed centrally in the upper
bend. This latter hole should be tapped
out 2z B.A. to accommodate an adjusting
screw to regulate the distance between the
armature and the poles of the magnets.
When this screw is so adjusted as to give
sharp contact and break, it is locked in
position with the nut provided, see Fig. 2.

The Wipe Contact Wheels.

These are made from sections of stout
brass rod, a piece is cut out to admit a
segment of fibre ; note the slope on the
sides, see Fig. 3, the piece of fibre is dove-

BRACKET HOLDING
ADJUSTING SCREW

JOIN UP TO
OTHER MAGNETS

COMMON LEAD TO

ALL ELECTRO MAGNETS %

TO TRANSFORMER
SUPPLYING LT CURRENT

FIBRE (9 X
SEGMENT ©

BRACKET
OR SUPPORT

tailed into the brass. Around the central
hole which takes the spindle are a number
of smaller ones according to the number of
circuits ; twelve such holes will give a
large variety of settings. Between each
wheel is a spacing washer carrying a
locking peg, see Fig. 3, which engages with
one of the small holes round the centre of
the contact wheel. Thus if 12 holes are
bored on each wheel a large number of
fine adjustments between the wheels can
be arranged ; 2, 3, 4, 6 or 12 circuits can
be controlled to give breaks at regular
intervals, and one or more circuits can
be set to flash irregularly by moving the
locking peg a hole or two.

The wheels and washers are mounted on
a shaft carried on two simple bearings,
or small ball bearings if desired. The
whole assembly is clamped between two
driving collars which are shown in the
sketch, see Fig. 3. A hole in the bearing
carries a spring brush which makes direct
contact with the spindle.

The Wipe Contacts.

The blades are pieces of steel or spring
brass carrying a semi-circular wipe contact
at the end. The fixed end is fastened to a
bracket carrying an adjusting screw for

SOFT IRON ARMATURE
LAMINATED COPPER CONTACT BLADE

WIRE 1

FIBRE BLOCK

W2 TO SECOND WIPE CONTACT
STRIP OF FIBRE
HOLE TAPPED 4BA

COPPER BRUSH RUBB-
ING ON SPINDLE

e "
2 D > TO TRANSFORMER

é 1l «__BEARING
‘ «\% BLOCK

r
/9

SPRING WIPE
CONTACT BLADE

CONTACT WHEELS

Fig. 2—PicTorIAL VIEW OF ELECTRO-MAGNETIC FLASHING SWITCH.
The whole apparatus is to be mounted on a baseboard
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HOLES INTO WHICH BRASS CONTACT| GRUB
WASHER PEG FITS SCREW

N WHEEL
I ‘
PEG ENGAGES, 0 W
WITH HOLES K
IN WHEEL' o
/ %

“ CONTACT WHEEL

DETAILS OF CONTACT WHEELS.

PEG ENGAGES

FOR CONTAGT WHEELS | DETAILS OF BOBBIN.

HOLES FOR RIVETS TO
HOLD THE ARMATU

FIBRE ENDS

BLADE COMPOSED
OF LAYERS OF

SECTQRS FILED
OUT WHEN THE

WITH CONTACT
DISTANCE SPACING MADE OF LAYERS
WASHER FITS BETWEEN WHEEL OF GuiEo PAPER,| SOPEER OR SPRING.  SPEING I T
CONTACT WHEELS DETALLS OF A DRIVER STRONG.

CENTRE TUNNEL

DETAILS OF CONTACT BAR.

Fig. 3.—~S0ME CONSTRUCTIONAL DETAILS.

Showing from left to right, details of contact wheel ;

of bobbin; and details of contact bar.

varying the pressure on the contact wheels.
The bracket and blade assembly is in turn
supported on a fibre bridge held firmly in
place by two metal supports. The draw-
ing, Fig. 2, shows four wheels and four
wipe contacts, but, of course, the number
can be varied to suit the individual
requirements. The distance between the
blades must be the same as the space
between the wheels and this is decided by
the thickness of the distance washers.
A pulley is attached to one end of the
shaft to take a small belt from the driving
motor which can be a clockwork one, if
desired, as the friction of the wipe contacts
is very little.

Method of Mounting Up.

The switch is essentially in two parts:
first, the main circuit breakers and,
secondly, the wipe contacts. The two
parts should be mounted up in line one
behind the other on a base board, and the
whole covered with a ventilated sheet iron
shielding box.

Wiring Up.

Fig. 1 shows the method of wiring up.
The dark lines show the actual main lamp
circuits and breakers, while the dotted
lines denote the low-pressure circuit which
works the electro-magnets.

Low-pressure Side.

One end of the winding on each set of
bobbins is connected to a common lead
which goes to the power source while each

details of a driver for contact wheels ; details

of the remaining ends is connected to its
respective wipe contact. The brush on
the spindle is in contact with the other
power terminal. The source of power for
the low-pressure side may be a step-down
transformer, an accumulator or a voltage
dropping device on D.C. mains.

The Lamp Circuits.

All lamps are wired in parallel, one end of
each set being connected to a common lead
while the remaining leads are joined to
their respective contact platform. Finally
a common lead joins up all the blades
and runs to the supply mains.

The Switch in Use.

The switch can be wused in several
different ways. First, it can control
several rows of lamps so that at regular
intervals each line will die out for several
seconds, the time varying with the speed
at which the main shaft turns.

Secondly, a number of lamps surround-
ing an illuminated sign can be wired so
that every fourth lamp (supposing there
to be four circuits) is in a common circuit
controlled by a breaker. Then every
fourth lamp is out at one moment, while
a few seconds later the lamps immediately
next to these will go out and the previously
mentioned lights come on again. This
makes the sign appear as though the light
is running round the board, while if the
sign is a narrow vertical one it can be
made to appear as though the balls of
light are falling in two cascades.
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A SURVEY OF RECENT DEVELOPMENTS IN
SHORT-WAVE TRANSMISSION
AND RECEPTION

By “OmicroN"

amateur transmission purposes,
apart from crystal oscillators, are
based on the simple tuned plate, or tuned
grid arrangement. In the circuit given
m Fig. 1, in which the plate circuit
only is tuned, the value of mutual in-
ductance necessary to sustain oscillations
is given by :—
M -
72
Where R, = Resistance
circuit
R, = Valve impedance
pw = Valve amplification factor.

PRACTICALLY all oscillators for

CR,R,+ L,

in oscillatory

Fig. 2—How THE CIRcUIT IN FIG. I CAN BE

CONVERTED INTO A LOW-POWERED TRANSMITTER

BY THE INSERTION OFA KEY IN THE H.T.— LEAD

AND THE ADDITION OF SUITABLE AERIAL
COUPLING.

Once this value of M is reached the
valve and its associated circuit will
oscillate at a frequency determined by the
physical constants of the coil and con-
denser. It is essential that the coils are
connected in the correct phase relation-
ship, otherwise the circuit will not oscillate.
The internal capacity of the wvalve is
represented by a dotted condenser and
sets a limit to the lowest wavelength
which can be obtained.

The insertion of a key in the H.T.—
lead and addition of suitable aerial
coupling is all that is necessary to conve:t

L:E ;Fc | T+
TM Li:w} Flal :ﬁ{:
g Ml S,

Fig 1.—A SimMpLE FORM OF OSCILLATOR.

this circuit into a low-powered transmitter
(Fig. 2).

The Hartley Oscillator.

This is a development of the simple
oscillator system, and it will be noted
from the diagram (Fig. 3) that the coil is
wound in one continuous length with a
centre-tapping taken to H.T.+4. This is
known as the Hartley circuit, and as
the grid and anode coils are now associated
with the one common tuned circuit, a
far tighter coupling can be obtained.

Push-pull Oscillators.

It has been menfioned that the valve
capacity limits the lowest wavelength
to which an oscillator will tune. If two
condensers are connected in series, the
resultant capacity is less than that of the
single condenser. This, then, is the
principle behind the application of valves
in push-pull, as the capacities of the valves
are effectively in series with respect to
the tuned circuit. The circuit shown in

HT+
HEC.
- f )
Blockmn,
Condense; < 2 \\p/
HT-

F1g. 3.—THE HARTLEY OSCILLATOR.
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HT+

Fig. 4 —A Pusn-PULL OSCILLATOR.

This arrangement gives greater stability than
the triode oscillator.

HT=

Fig. 4, showing two oscillator valves ‘in
push-pull, gives greater stability than the
triode oscillator.

The Master Oscillator System.

For large powers the master oscillator
system is used. An oscillator, usually a
crystal (although a valve can be used), is
maintained in oscillation at an accurate
frequency. This is then amplified by a
series of amplifiers of increasing size.

Modulation may be introduced at low
power in this system, and, consequently,
good speech quality can be obtained.

Crystal Oscillators.

If an alternating E.M.F. is applied
across the two faces of a quartz crystal
cut in one of its principal axes, the crystal
will vibrate mechanically at a very high
frequency. Dielectric changes will be set
up and the crystal will oscillate electrically
when coupled to a tuned circuit of
approximate resonance. The circuit will
then be accurately maintained in oscilla-
tion at a frequency dependent upon the
physical dimensions of the crystal, the
necessary feedback being obtained through
the wvalve capacity. For transmitting,
the crystal is placed in the grid circuit
and the anode circuit tuned nearly to

HT+
Turea to
2n frequency

Oscillator
of n"freguency

-

Resistance

HT-
{ T Grid Bias

Fig. 6.—A FREQUENCY-DOUBLER CIRCUIT.

the crystal frequency, the succeeding
stages being amplified or frequency doubled
as desired. A simple circuit is given in
Fig. 5.

Frequency Doublers.

When a pure sine wave is applied to
the grid of a valve, and the valve is then
overbiased, the wave form is distorted
and harmonics are produced. If the
anode circuit is now tuned to twice the
frequency of the grid circuit, a large
proportion of second harmonic will be
picked out, and this circuit will now be
oscillating at twice the frequency of the
grid circuit. This is known as frequency
doubling and may only be repeated a
certain number of times, after which the
doubling efficiency falls off.

HT+

7’0 Aerial ]
System b

o

1\
Crysta % HFC % ﬂ/
20 ogon
) -

Fig. 5—A SIMPLE CrRYSTAL OSCILLATOR CIRCUIT.

As amateur transmitting bands are in
multiples of frequencies a crystal cut to
oscillate at the lowest frequency may be
made to give harmonics in each of the
higher frequency bands.

Neutralised Amplifiers.

In an oscillator-doubler system it will
usually be found that the output from
the last doubler, although of the desired

frequency, is insufficient. A stage of
HT+
To Aerial
-0001uf" System
vem=
T #:ooz/lf

=

Fig. 7.—NEUTRALISED AMPLIFIER CIRCUIT.
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HT+
L.F Choke
HEC
i
Et
.

HT -

Modulator
Valve A

Microphone

“1g. 8.—~How Two VaALVEs ARE UseED IN CHOKE
CoNTROL.

ower amplification is, therefore, added
o obtain the required output. Now as
he grid of this valve is driven by the
node coil of the last doubler, and as its
wn anode is tuned {o the same frequency,
here is a tendency for the circuit to
scillate of its own accord. This is
revented by neutralising, and a circuit
;5 given in Fig. 7 showing the method of
onnection to the amplifier.

Todulation Systems.

There are four systems of modula-
ion :—

1. Aerial modulation.

2. Absorption control modulation.

3. Grid control modulation.

4. Choke or Heising modulation.

Only the last will be dealt with, as
ystems I to 3 are not general practice.
n choke control two valves are used in the
1anner given schematically in Fig. 8.
iriefly, the anode supply to both valves
; constant, and if the anode current of
ne valve is varied, that of the other must
ary in sympathy. A rise of current in one
alve will result in a decrease in current
f the other. In the diagram valve B
;  maintained in

Fig.

SHORT-WAVE

9.—SIMPLEST FORM OF
RECEIVER.

Transmitting Valves.

In the simple tuned plate, tuned grid
circuit, as shown in Fig. 2, valves of the
LS5B or Tz25D class are wusually used.
For larger inputs the size of the last valve
is only limited by the amount of H.T.
available and the power it is required to
dissipate. Pentodes are wused in the
oscillator stages, as the efficiency of the
modern pentode greatly exceeds that of
the triode. Screened-grid transmitting
valves, with their low inter-electrode
capacity, are being increasingly used in
drive and separator stages, obviating fo
a large extent the necessity of neutralising.
For modulation, valves of the large
amplifying type are used, as it is essential
that a linear characteristic, or as nearly
linear as possible, should be obtained.
Valves for magnetron oscillation are now
specially made, as the filaments of ordinary
valves will not stand up to the work they
are called upon to do.

In America an attempt has been made
to obtain waves of the ultra-short class
by reducing the physical dimensions of
the electrodes, but difficulties in standardi-
sation are being experienced, as the

scillation at the
‘equency to be
-ansmitted, and
alve A has the
peech frequencies
npressed on its
rid circuit.

Modulation, i.e.,
uperimposition of
udio frequencies
nradiofrequencies,
s, therefore,
btained.

Super Regenerate Circurt

Fig 10—A SUPER REGENERATIVE CIRCUIT
FOR SHORT-WAVE RECEPTION.

of each individual
valve varies.

Reception.

The most simple
short-wave receiver
consists of a
reacting detector as
shown in TFig. o.
This type of receiver
is favoured on
account of the low
background and

geometrical spacing
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- : TO AERIAL SYSTEM HT+1 >HT+2

L2

+BIAS
HT=
LT

LT+
-BIAS

I TO MICROPHONE
}5 OR PICKUP AMPLIFIER

=

‘CHy HT 4+

Fig. 11.—SmMpLE T.P T.G. TRANSMITTER FOR
Low Power WITH CHOKE CONTROL MODULATION

40 Metres. 20 Metres.
Coils, L; = 10 turns 6 turns
s = 8 .. o4,
L= 5 .. o3,
3 in diameter spaced 10 or 12 S W.G. bare
copper.
Other values, C; = .ooof mfd.; C, = .ooo02

mid.; C; = .0oz mfd.; C, = .005 mfd (mica);
R, = 10,000 ohms; Ch, = 30 Lenries at
50 mA.

interference level. Low frequency am-
plifying stages may, of course, be added.

The Super-heterodyne.

The principle of changing the frequency
so that the signal may more easily be
amplified is undoubtedly one of the best
in present use.

The Super-regenerative Circuit.
For five-metre work this circuit offers

o HT +1
200V

(& Lo

ML
OIK

CRYSTAL

TQ AERIAL

200V
C.
Cs SYSTEM

ﬁ‘e s
b

LT+

% CHy

-3
&
£Re

AN

C.
o | 1 L1
CHy
L it T

—BIAS —BIAS

Fig.12.~—MASTER OSCILLATOR POWER AMPLIFIER
Circuit FOR Low PowERr.
40 Metres 20 Metres
Coils, I, = 14 turns 8 turns
5 = 10 ,, .. o4,
L= 6 ,, .. .. 3
10 or 12 S'W.G. bare copper spaced.
Other values, C; = .ooo15 mfd. ; C, = .0c02
mfd. ; C; = .00005 mid.; Cyand C; = .0oz mfd. ;
Cg and C; = .co5 mid.; R, = 10,000 ohms;
= 5,000 ohms; Ch, and Ch, = 200 turns
32 SW.G. on 1 in. former.

»

great advantages, as the amplification
obtained is tremendous. Reaction is
allowed to reach a high value and is then
quenched just before the valve breaks
into self-oscillation. This quenching fre-
quency is supplied by the two coils
shown as L,, L, in Fig. 1o. The draw-
backs to this type of circuit are the dis-
tortion of speech frequencies and the
difficulty of operating.

HT+2
200V.

HT+3
300/400V.

I [ 7
~BIAS {—BIAS— —-BIAS
Fig. 13.—CoMPLETE CRYSTAL-CONTROLLED TRANSMITTER FOR 40 AND 20 METRES (Low PoOwER)
Coils L, L, L, 4
40 Metres. 22 turns 10 turns 10 turns 4 turns
20 Metres. .. iz, 6 e 3 .

3 in. diameter, 12 S.W.G. bare c(.)i)per spaced.
Other values, C; == .0002 mfd.; C, and Cz = .00015 mfd.; C4 = .0o00o5 mfd.; C; = .05 mfd. ;
C; and G, = .coz mfd. (mica); Cg = .oo5 mfd. (mica); R; = 5,000 chms; R, = 10,000 ohms;

Ch; and Ch, = 200 turns of 26 SW.G. wound on 1 in. former; Ch; =
Note that for 4o-metre working use 8o-metre crystal, and for zo-metre

wound on 1 in former.
working use a 40-metre crystal.

150 turns of 26 S.W.G.
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Air-driven Generators Now Provide H.T.
and L.T. Current.

It should be mentioned that at the
moment the air-driven generator is often
used to provide H.T. current for radio
transmission and reception as well as
L.T. for lighting, etc. In many instances
a dual purpose machine is employed, a
double-wound armature being used with
a common magnetic field.

the generator is driven at about twice
engine speed.

The Cut-out.

It is, of course, necessary to employ
a cut-out in every system incorporating
an accumulator, and this is invariably
of the reverse current type similar to
the automobile cut-out. Its function is
to connect the accumulator in circuit

ENGINE-
DRIVEN
GENERATORS.

Engine -driven
generators can,
of course, be of
the third brush o
type or constant
voltage type.

K2l o
K3 K Gt K il NS
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Another system
of regulation has,
however, recently
been developed
by the Air
Ministry and has
several interest-
ing features.

In this a com-
pound - wound
dynamo is em-
ployed, the series
winding  being
arranged to give
the machine a
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level com-
pounded charac-
teristic, i.e., with
a constant speed
the voltage will
remain constant over changes of current
from no load to full load.

To cope with changes in engine speed
a third field winding known as a control
field is employed, this being wound so
as to oppose the main field. This winding
is connected in series with the battery
charging circuit and does not carry the
main load cwrrent. The diagram on the
previous page makes thisclear. Anincrease
in dynamo speed means an increase of
charging current. This, therefore, results
in a decrease of the main field and accord-
ingly the terminal voltage falls.

Generally, in order to reduce weight,

DiacraM oF CONNECTIONS OF SwITCHBOX USED IN THE ELECTRICAL EQUIp-
MENT ON LIGHT AIRCRAFT,

(Rotax, Lid.)

when the generator voltage exceeds the
battery voltage and disconnect same
when the generator is stationary.

Navigation Lamps.

The International Commission for Air
Navigation regulations demand that aero-
planes shall carry red and green (port
and starboard) lamps, and these are
usually fixed on the wing tips. A tail
lamp is also a necessary fitment. Recently
a cenfral type of navigation lamp has
been introduced, this incorporating the
three lamps normally employed. Two
such lamps have to be employed on each
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DIRECTION OF ROTATION OF THREE-PHASE
INDUCTION MOTORS

By W. T. WarpaLe, A.M.Inst.E.E.

HE direc-

tion of

rotation
of an induction
motor, whether
wound star or
delta, depends
on the direc-
tion of the phase
rotation of the
system to which
it is connected,
and not on its
type of stator
winding.

The Star-
connected
System.

Fig. 1 rep-
resents the star-
connected

Figs. 1-5.—DIAGRAMS OF STAR AND DELTA CONNECTED

phase rotation
is still anti-
clockwise, and
the motor will
still run in the
same direction
as with a star-
wound stator.
Now consider
Figs. 4 and s.
Note that the
system still
works anti-
clockwise, A,
B, C, as before.
Two of the leads
to the motor
stator, 4a, are
crossed ; phase
A supplying the
mid-winding on
the stator, and

system with  Svsrems, with VEcrorR Lavouts, REeFerrep Tto 1n  phase B the
the phases THE TEXT. right-hand
rotating anti- winding. Below
clockwise as shown by the arrow. Fig. 2, in Fig. 5, is the vector for this

is the star-connected winding of a motor
stator, and 2a the vector for its rotation,
working A, B, C, anti-clockwise.

represents a delta-wound
stator, and Fig. 3a its vector
layout for rotation.

Now note that in this
case, we set out the first
vector representing phase A,
in parallel with phase A,
in Fig. za. Phase B comes
next, and is set out in
parallel with phase B as
before, and, being in the same
direction lies along the dotted
line AB. Phase C is then
set out parallel to phase C
in Fig. 24, and in the same
direction, and so completes
the delta as shown by the
linked line BC. Thus, the

rotation.

Fig. 3
RY B

Fig. 6 —IF MoTor Runs
iN ReVERSE DIReCTION
wiTH CONNECTIONS R TO
1, Y T0 2, B T0 3, Dis-
CONNECT R AND Y AND
CoNNECT R TO0 2 AND Y

TO I.

Phase A has now come to the
vertical position, with phase B on the
right-hand side ;

as the system still
revolves A, B, C, the rotation
in the stator must now be
clockwise in order to follow
this sequence, and the motor
will run in the reverse direc-
tion if two of the lead-in
wires to the stator are crossed
over.

An induction motor then,
depends for its direction of
rotation on the phase rotation
in the stator; straight con-
nections make it follow the
system rotation; two leads
crossed reverse the phase
rotation in the stator and so
reverse the direction of run-
ning. Induction motors
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often started up by means of a starter which
first puts a low voltage on the stator by
giving a delta connection from the system,
and then brings the motor up to full
speed, by throwing it over to a star
connection. Please note that the vector
layouts show direction only, and are not
drawn to scale to show magnitude.

Connecting Induction Motor to System.

To apply the above explanation refer
to Fig. 6. Connect line R, representing
the red phase, to terminal 1 on the motor;
Y, the yellow phase, to 2, and B, the blue
phase, to 3. Give the motor a spin up,
note the direction of rotation and, if as
desired, make the connections permanent,
If you require the reverse rotation, dis-
connect R and Y, connect R to 2, and Y
to 1, and the motor will then run reversed.
If the motor is built into a machine tool,
before spinning it round, bar the tool round
to see all is clear.

When the connections have been deter-
mined, mark the terminals on the stator,
with R, Y and B, and also enamel the
motor leads the correct colours. Then
when a motor has been taken out for new
bearings or similar work, you can put it
back, and connect up straightaway.
If the motor has been rewound, how-
ever, you will have to make another
trial.

The reason motor stators cannot be
sent out marked with the terminals
R, Y and B, is that such motors are mass
produced ; whilst some systems work to
the standard colours and rotation of
phases and some do not. Also there are
private plants with their own phase
rotation. As the induction motor can be
tried and altered inside ten minutes, fo
prove correct connection for the rotation
desired, there is no need to have
each motor tried and marked at the
works,

CURING

It will sometimes be found that cer-
tain mains transformers operating from
the alternating current supply are
much noisier than others in the matter
of mains “hum.” In most cases the
cause of this enhanced hum will be found
to be due to the presence of slightly loose
core stampings or laminations. These
should, of course, be clamped tightly
during the manufacturing operations but
occasionally, owing to the presence of
fine burrs or to particles of dust, one or
more of the plates is not firmly clamped,
with the result that under the influence
of the alternating current it vibrates and
thus gives rise to a low-frequency hum.

The proper procedure, to effect a
permanent cure, would be that of dis-
mantling the transformer, cleaning and
reassembling the laminations. This is a
lengthy and complicated operation, how-
ever, and amounts in practice to the

NOISY MAINS TRANSFORMERS

making of a new transformer, after having
unwound the primary and secondary coils.

An excellent expedient that does not
involve any dismantling of the trans-
former consists in filling up the interstices
between the laminations with shellac
varnish,

The transformer should be warmed
slightly for this purpose and the heated
shellac varnish poured over the lamina-
tions.

If, then, the transformer is kept warm
the varnish will find its way into the
interstices, so that when the transformer
is afterwards allowed to cool down the
laminations and their varnish will be
found to form a solid unit in which there
is no possibility of any appreciable mains
hum arising. The wvarnish, apart from
acting as a filling medium, also serves
as a corrosion protection for the iron
laminations.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to * The Practical Electrical Engineer,” 8-11, Southampton Street, Strand, W.C. 2.
Envelopes to be marked < Problem * in the top left-hand corner. Replies to questions
are also invited and all replies published will be paid for at our wusual rates

Starting a Small

A. C. Motor.

I have a
small A.C.
molor made by
Vickers, Sons
& Maxim. The
stator has a solid
yoke about 3 ins.
diameter. There

|
1

are six  pole p
pieces, giving a 3
bore of 1 m.

The votor com-

ststs of a Maltese cross arrangement as in
diagram, being built up of (copper plated)
tron laminations. I have been informed
that the wmachine is for 220 wvolts, 50
cycles, single phase.

I wish to know how fo start this machine.
The motor appears to belong to some gun
indicating gear, as its makers are conmected
with such work, and it has gearing attached
to give about a 50-1 reduction. A diagram
of starting and runming commections would
be appreciated. The six coils have two
leads each, and ave of approxiinately the
same size and wound with approximately
the same gauge wire.

H. O. C. (Devon).

Auto-starting Transformers.

Referring to the article in THE PRACTICAL
EiEcTRICAL ENGINEER, Novensber issue, on
“ The Installation and Operation of In-
duction Blotors,” I should be glad to know
if you can give me any information regarding
the gemeral design relationships of Auto
Starting Transformers.

Three-phase starters, in some instances,
are star connected and in others open delia

THIS MONTH’S NEW QUESTIONS AND LETTERS

PES conmected. Is
2% there any advan-

tage in ome or
the other of the

two connections ?

-~ — -4
- :::.:::?:‘[:.. Also as these
Rotor transformers are
only  commected
to the line during

) the starting per-

Tue Smarr A C. MoTor REFERRED 170 BY “HOC?”

tod, i appears
possible for the
induction n the
core to be made
a fairly high figure and as the stariing
period on even a fairly large motor seldom
exceeds 30 seconds, togethey with a specified
limit lo the number of starts per hour, no
doubt the section of copper can be veduced
very greatly.

Could you give me some information on
these points, together with some indication
of the manner in which the tewperature vise
can be calculated 7 E. 61 (Merton Park).

Working Temperatures for Heating Ele-
ments.

It 1is understood that the selection of wive
for heating clemenis is made from wire
manufacturers tables, but the operating
temperature of the wire must be known.
What are the recommended temperatures for
the heating wives in electric fives, toasters,
kcttles, hot plales, cookers, etc. ?

The tables assume a straight wive in aty ;
what correction factors must be applied to
spirally wound elements 7 How are the
effects of adjacent heat veflectors and the
materials n which the elements may be
embedded considered ?

E. A. B. (Sheffield).
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Using a Motor Generating Set for Welding.
I have a motor generating set, the par-
ticulars of which are :—

Motor. Generator.
G.E.C., No.21,415. G.E.C.,No. 21,414,
H.P, 5. Volts, 60.

Volts, 460. Output, 3.9 kW.
Revs., 1,400. Revs., 1,400

Shunt wound.

Compound wound.
No iuterpoles.

I want to use same for electric welding.
Could you possibly give me particulars as to
what I should do regarding same ? I want
a load of 8o amps. Please give the wirving
diagram, the corvect vesistances and S.W.G.
of same, as I want to make my own.

E. C. (Eccleston).
Rewinding Motors.

Of particular interest to me have been the
questions and amswers, in Vour correspon-
dence columns, on rewinding motors.

Could you please put me on to a suitable
book from which such information  ve-
garding rewinding, name plate defails and
winding space dimensions only being
known—can be obtained.

I feel sure it would be much appreciated
if you could find space in your paper, of

a most useful practical nature, to publish

at inlervals a list of new literature of

practical electrical emgineering inferest.
H. C. B. Swan (West Siam).

[Ep. NoTeE.—We are looking into the
point raised in the last paragraph and
would value readers’ opinions on it.]

Ultra-Violet Lamps.

We should like to endorse the advice
given in your editorial paragraph (Novem-
ber issue) that makers of ultra-violet
lamps should give full instructions as
to the correct methods of using them.
We have always borne this in mind from
the outset in marketing our popular
home model the “ Homesun.” From the
enclosed copy of our instruction book we
hope you agree that the directions given
are fully sufficient to enable anyone to
use this lamp with maximum benefit.
This seems to be endorsed by the ex-
perience of our wusers, who probably
outnumber all users of other domestic
ultra-violet lamps in this country.

Yours faithfully,
D. A. JoxEs, Director.
THE BRITISH HANOVIA
. QUARTZ LAMP CO, LTD.
[We quite agree that the directions given
in the Instruction Book referred to
would enable anyone to obtain the
maximum benefit from ‘ Homesun ”
lamps.—ED.]

REPLIES TO PREVIOUS QUESTIONS

Electrolytic Battery Charger.

I am constructing the electrolytic battery
charger described in the Jume issue, and
should be pleased if you could imform me
if this charger could be modified to charge
six T0-wolt H.T. accumulator blocks in
parallel, the current for each battery being
0.25 amp.

C. C. (Wednesbury).

There is no reason why the charger

o—

0T
Ace /L Tantalum

8 ‘;z; b—o o— Lead
¢ + —T Tantalum

QT
Lo,

THE ELECTROLYTIC BATTERY CHARGER
ARRANGEMENT.

should not be modified for the purpose
outlined above. Tantalum has a break-
down voltage of 25 volts, so that above
this value current will start to flow in
either direction. The turns of the secon-
dary windings could be increased by
334 per cent. before approaching the
safety limit.

A Private Installation Problem.

I have a 100-135 volt, 20 amp. dynamo
with switchboard, which I want fo use for
lighting and driving a 7 h.p. motor. 1
should like to know the number and size
of batteries rvequired, also plan of wiring
Jfrom dynamo to swiichboard, balleries, etc.

The motor would be required to vun for
4 hours per day, and if any advaniage I
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l/o/t°
Iwitch

- { Switch D/Ifc/;a/'ocfe

|

longer. Tor a
100-volt circuit
it is wusual to
employ 54 cells,
and to fully
charge these it
will be necessary
for the dynamo

Swrtch

Starter Fuse

L9

] to give nearly

150 volts to-

wards the end
of the charge,
but possibly its
speed can be
raised to obtain
this pressure.
Adrawing
1s reproduced
showing a typical
arrangement of
connections for

g Motor

Fuse

( Switch

[

CIRcUIT DIAGRAM ¥OR PRIVATE GENERATING SET.
The battery recommended is 54 cells type SFG6 Chloride.

could make this 2 hours in the morning,
and 2 hours in the afternoon.

The lighting load will not be in use at
the same time as motor.

The dynamo can be run for 9 hours per
day.

If the 7 h.p. motor is run at full load
and if its efficiency is, say, go per cent.,
the input current will be :—

7 X746 10
00 < 9 = 58 amps.

approximately. As it is to run 4 hours
per day, the capacity required at the
4-hour rate of discharge of the battery
will be 58 X 4 =232 amp. hours. This
corresponds to a battery capacity of
300 ampere hours at the To-hour discharge
rate.

Twenty amperes is just half the normal
rate of charge of a 300-amp. hour battery
and so the whole of the discharge may be
put back at this rate. Allowing for an
amp. hour efficiency of go per cent. then
the total charge required will be 258 amp.
hours (ie., 232 amp. hours plus 1/9)
and will, therefore, take nearly 13 hours to
complete. This does mnot, of course,
allow for the battery to be used for light-
ing, and if this is required the battery will
have to be larger and the time of charging

dynamo,battery,
motor and con-
trol gear.

Advantages of D.C. over A.C. for Marine
Purposes.

The principal advantage of D.C. over
A.C. for use on ships is that it is much
more suitable as a supply for auxiliary
purposes where variable speed drives afe
required. Totake a few examples:—Motors
driving centrifugal pumps where a pre-
determined pressure has to be constantly
maintained on the pipeline ; winch motors
which have to lift heavy loads at a slow
speed, at the same time being capable of
giving a high light-hook speed; motors
driving compressors, whose output depends
directly on their speed, and needs to be
varied as the occasion demands, and so on.

To obtain a variable speed drive with
an A.C. motor, a wound rotor is usually
fitted, the speed being decreased by
inserting resistance in the rotor circuit,
with a considerable loss in efficiency.

With a D.C. motor the speed is increased
by inserting resistance in the shunt field
circuit, or in the case of a heavily com-
pounded winch motor, by diverting some
of the current from the series field circuit,
by a parallel resistance, with practically
no difference between the top and bottom
speed efficiencies of the motor.

J. M. B.
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Development in the Electrical Industry.

This month we publish an article dealing
with the astounding growth of electricity
supply in Wimbledon during the past few
years. The results achieved have already
been the subject of favourable comments in
the general, technical and trade press,
but we believe that this is the first time the
full story has been told. Readers of the
article on pages 237-241 will see that the
two important factors of the scheme were :—

() Gradual reduction of the average price
per unit from 4.72d. until the figure now
stands at 1.32d.

(b) That the supply undertaking installed
and maintained a large number of cooking
and heating appliances in their consumers’
premises, charging low rates for the hire.

We have heard it suggested that the latter
action is detrimental to the interests of
electrical contractors and installation en-
gineers. The evidence given in our article
on this point does not seem to support this
suggestion, but any readers who have views
on this question are invited to send them
along.

Another Case for Co-operation.

In an address to members of the Institute
of ILandscape Architects at the Royal
Horticultural Hall, Mr. R. O. Sutherland,
AR.IB.A,, Architectural Lighting Expert
on the Lighting Service Bureau, pointed out
a new field for electric lighting which has
hardly been explored at all.

He suggested that the artificial illumination
of landscapes and gardens should form a
factor in the inspiration of the layout and

should receive early consideration. Nature
fills a garden during the day with her own
lights and shadows, and it is open to the
horticulturist, the architect and the illu-
minating engineer to co-operate and form a
means of producing equally beautiful effects
by night.

An interesting and thoroughly practical
idea, which should not be allowed to drop.
Readers who require more detailed informa-
tion on the subject are invited to apply to
the Lighting Service Bureau, 2, Savoy Hill,
London, W.C.2.

Progress During 1933. .

We have received from some of the large
electrical manufacturers interesting accounts
of the progress they have made during 1933.
A list of all the items mentioned would form
a fairly comprehensive catalogue of present-
day electrical manufactures. The following
are some of the more interesting features
megtioned \—

The British Thomson-Houston Company.
Further developments in the Mazda
Mercra lamp ; hot cathode rectifiers; thy-
ratrons (which have already been described
in our issue of September, 1933); domestic
refrigerators and sound reproducing equip-
ment for fair grounds, concert halls, cafés,
etc.; cathode ray oscillograph tubes, suitable
for low-voltage operation and capable of
adaptation for use in connection with tele-
vision, are also worthy of special mention.
On the heavy engineering side it is in-
teresting to note that plant is still being
supplied to the Central Electricity Board,
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Special testing transformers for use in making
tests on switchgear have been constructed
to give voltages from 22,000 volts to
132,000 volts. These transformers are cap-
able of withstanding repeated three-phase
short circuits up to a value of 1,000,000
kilovoltamperes. When it is remembered
that at unity power factor 1 kVA. equals
approximately 11 h.p., the enormous stresses
set up in these short circuit tests can be
appreciated.

A new traction motor has been developed
having a single-turn armature winding which
has proved very satisfactory in service. This
motor commutates very heavy currents even
on the weakest field strength with complete
absence of sparking.

Since the development of the Grid the
output of A.C. motors in medium, small
and fractional h.p. sizes continues to increase.
During the past year the British Thomson-
Houston Company supplied a greater number
of A.C. machines than ever before.

The conversion of one of the large three-
storey buildings of the B.T.-H. Rugby works
into a factory for the production of electrical
home appliances such as washing machines,
cookers and immersion heaters has already
been commented on in an earlier issue. We
are glad to hear that a large number of
appliances of each type have been manu-
factured during the year.

G.E.C. Progress.

Here again the number of products
covered in the annual report of manufactur-
ing activities covers an enormous range.
Some of the more notable items are the
development of the Osira lamp, the catkin
valve, cold cathode discharge tubes, and
special lighting equipment for aircraft.

As in the case of the B.T.-H., a heavy
demand for alternators has been experienced
by this company. During the year geared
motor units of a small size have been pro-
duced in quantity. Much progress has
been made in switchgear design, a small but
interesting feature being a liquid immersed
rewireable high voltage fuse which can be
rewired by the user. This is the first fuse
of the type produced in this country embody-
ing such a feature.

Much attention has been devoted to the
development of gasfilled lamps for special
purposes, such as for use in home talkie
equipment, for the Ilighting of cinema
studios and for use in full-size projection
apparatus.

Floodlighting and luminous tube lighting
have made striking progress during the past
year.

Progress in telephone work has been
evident in several directions. The range
of rural automatic exchange equipments has
been extended, while, in general, automatic
systems are being ever more widely intro-
duced. Of the large city exchanges com-
pleted for the British Post Office, perhaps
the most notable is the Kensington equip-
ment, which is one of the largest in Great
Britain, providing capacity for 10,000 local
subscribers’ lines. During the year 50 miles
of oil-filled cable have been installed ; the
working pressure being from 33,000 to
132,000 volts.

The most important development in con-
nection with measuring instruments is the
application of thermionic valve technique
to apparatus for measurement and detection.

How the Wireless Valve Received its Name.

At the 24th Annual Exhibition of the
Physical Society Sir J. Ambrose Fleming,
D.Sc., F.Inst.P., F.R.S,, gave a discourse on
“ The History and Development of the
Thermionic Valve.” It was fascinating to
hear at first hand how the Fleming Valve
came to be discovered. It may interest
many readers to know that not only did Sir
Ambrose make the first rectifying valve, but
he also christened it. He selected the word
“wvalve ” as a word from the English dic-
tionary, widely understood and expressing
exactly the function intended.

The British Industries Fair.

The space booked by electrical exhibitors
for this year’s British Industries Fair is
nearly 50 per cent. greater than that occupied
by electrical exhibits in the 1933 Fair.

Exhibits in the electrical section range from
domestic appliances to heavy industrial
equipment.

On account of the strong electrical interest
readers are advised to spare no efforts to
pay a visit to the Birmingham section at
Castle Bromwich. The Fair opens at Castle
Bromwich, Olympia and White City on
Monday, February 19th, and closes on
Friday, March 2nd.

The Birmingham section of the Fair is
open from 10 am. to 6 p.m. =svery day,
excepting Sunday, from February 19th to
March 2nd.

On payment of an initial charge of 2s.
trade buyers receive a badge entitling them
to visit the London or Birmingham sections
as frequently as they please without further
charge. The general public will be admitted,
at a charge of 2s., daily after 4.30 p.m. On
Saturday, February 24th, and Friday,
March 2nd, the Fair will be open to the public
all day, i.e., from 9.30 a.m. to 7.30 p.m.
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THE WIMBLEDON EXPERIMENT
WELVE For the preceding
years ago PROFIT AND LOSS FOR YEARS year the average
the chair- 1916-1921. price had been ap-
man and members ResuLTs OF YEAR'S WORKING. proximately  4.7d.
of the Wimbledon | Year: Loss. Profit. per unit and the
Electricity Com- 1076 . . 25§5 53; ds' £ s 4| Tesult of the year's
mittee were feeling | 1917 .. .. 422015 6 - working was a loss
very gloomy about | 1918 .. .. — 380 6 11| of £3,700 in round
the prospects of |19I9.. .. 3,023 16 9 — figures. The obvious
_their ~ undertaking. | 1922 3600 2 6 1,620 10 4| remedy seemed to
What theysaw when ot ’ be to increase the
they reviewed the price by 1d. a unit,
results of the previ- bringing the new
ous six years’ work- -;Z price up to roughly
ing is shown in the : Py 53d.
table. Alittle simple gi :;Z’bvfte[ /'//f:f; g’ It was suggested
arithmetic showed 33— 2 e l‘z, H/ 5" that though this
that the net results 3%: ]a;/ve/' an / Peat. might lead to a
of six years’ g0 24N “‘?t" /al i"ower. slight diminution in
strenuous effort on 29| WMBHeating and Cooking. the number of units
the part of the zg sold, the net result
undertaking  had 56 would be more
resulted in a loss of 25 profit on the year’s
£11,459. os. 11d. NFY working.  Possibly
The figures Q23 this would have
seemed to show Q22 been the case, but
very definitely that {3 2; fortunately for
electricity was g ?Q Wimbledon con-
being sold too g sumers in particular
cheaply, especially 4 17 and, we think,for the
as the monthly <76 Electrical Industry
profit and loss ‘g;ﬁ as a whole, this
account for 1922 Q43 counsel was not
indicated that the <=Xj2 adopted.
results for that year 77 !
were likely to };.dd X0 2 A B(I)vllidgt%f Lr(l)‘ilvg
still further to the 9 /a3as SHIL
losses already in- ‘g 4 TH T The Chief Engin-
curred. 6 4 B L eer of the under-
s o s taking, Mr. A. E,
The Price Seemed 3 3 SO EETE McKenzie, strongly
Too Low. 21k ] g R FHHEE urged upon his com-
7L A g BRSEY : mittee the advis-
At that date the 0 ; ability of reducing
number of units sold gg§§§§§§§§§§§§§§§§ the price by 1d. a
per year was round WSSOSO SN S S w S s NS S unit; abold step to
about 4,000,000 and Year (ended 31st. March) take you will agree,
the average price Tuis CHART SHOWS HOW THE LOAD ON THE but not only had

per unit for all

purposes 4.72d.

WIMBLEDON STATION HAS INCREASED DURING

THE PAST 12 YEARS.

Mr. McKenzie the
courage of his con-
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victions, he also enjoyed the confidence
of his committee, who sanctioned the
suggested decrease in price.

A Tremendous Jump in Profits Resulted.
The results of the enterprising policy of
which this price reduction formed the
keystone can, without exaggeration, be
described as staggering. In 1923—the
first year during which the new price was
fully operative—the profits amounied to
#no less than £28,000. We do not suggest
that a price reduction of this kind is in
itself sufficient to turn a languishing under-
taking into a flourishing one, but it has
been clearly demonstrated in the succeed-

Everyone is Happy.

These results are sufficiently striking to
merit the most careful study by everyone
who has the welfare of the electrical
industry at heart. The Electricity Com-
mittee of the Borough of Wimbledon find
their satisfaction in the pleasing financial
results of each year’s working. The
ratepayers of Wimbledon are delighted
because the Electricity Undertaking con-
tributes a substantial amount each year
{for 1933 the figure was round about
£11,000) to the rates, and the consumers
in the Wimbledon, Merton Malden and
Coombe District experience a glow of
satisfaction when they switch on their

Average Total Profit on Number
Year. Price Units Year’s of

Per Unit. Sold. Working. Consumers.

£ s. d.

1922 4.724d 4,277,808 5804 1 ¢ 8,367
1923 3.754d. 6,156,683 28,701 19 4 10,654
1924 .. .. .. 2.882d. 8,570,130 30,407 12 3 11.804
1925 .. .. .. 2.381d. 11,010,062 23,971 8 2 12,969
1926 .. .. .. 2.180d. 13,586,008 33,504 14 6 14,399
1927 .. .. .. 2.08qd. 15,511,438 19,057 4 I 16,029
1928 .. .. .. 1.887d. 18,411,699 33,089 14 7 18,081
1929 .. .. .. 1.660d. 22,467,621 27,002 16 4 19,779
1930 .. .. .. 1.626d. 25,388,075 20,300 I3 9 21,702
1931 .. .. .. 1.552d. 30,143,349 32,388 13 1 23,602
1932 .. .. .. 1.436d. 33,329,843 22,493 16 I 25,949
1033 I.320d. 37,219,138 31,387 9 10 28,122

and whereas at 1922 the Reserve Fund of the undertaking stood at £3,000, to-da 'y

it stands at £98,000.

ing years’ results of the Wimbledon
undertaking that progressive lowering of
the tariff charges is one of the most
important items necessary to secure pros-
perity in the industry.

Further price reductions were made in
subsequent years until at the present time
the average price per unit in Wimbledon
is at the low figure of 1.32d.; whilst for
certain purposes, e.g., electrical heating
and cooking, electrical energy is supplied
at the highly attractive figure of .655d.
per unit.

A Twelve Years’ Test.

The table above shows the actual
figures from year to year since the courage-
ous policy outlined above was adopted.

electric fires and reflect that their elec
tricity charges are lower than those paid
by consumers in most other supply areas
in the country.

How the Load has been Increased.

Agraph, which we reproduce on page 237,
shows how this astounding development
has taken place. Study it for a moment,
and you will see that nearly half the total
units sold during 1933 were supplied for
the purpose of heating and cooking.

As a matter of fact, during the past
vear, nearly 19,000,000 units were used
by the people in Wimbledon for heating
and cooking. This is not an accident. The
heating and cooking load has not simply
grown of its own accord. The Wimbledon
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Electricity Department, under the able
guidance of its Chief Engineer and Manager,
Mr. Mc Kenzie, and with the full support
and encouragement of the Electricity Com-
miltee and Council, caused it to happen.

The Secret Told.

The secret of this very healthy heating
and cooking load is simply this :—

The people of Wimbledon have at the
present moment in their houses over
25,000 electrical heating and cooking

How and Why the Consumer Pays Cheer-
fully.

It is of particular interest to note that
this quarterly charge does not bear any
relation to the capital invested in the
cooker. If the cooker rents had been fixed
in accordance with the strict principles of
accountancy they would need to have
been two or three times as large as they
are at present.

The next question is ““ Who stands the
racket ? ’ The reply again is simple. The

appliances. Here are the actual 5d
figures at December 31st, 1933 :— |
Electric cookers 4,960 45d,
Electric wash boilers 1,420
Electric water heaters 3,670 .
Electric irons 5,285 8 4d.
Electric kettles .. 4,275 §
Electric fires and radiators 5,600 QE 35d.
-
Total - 25,210 % g4
It is obvious that with all ?
these appliances in commission R2%d
in a district where the cost of w
electrical energy for heating and S
cooking is less than 3d. a unit X 24
there is bound to be a very big %
consumption of electrical energy o 15d.
for these purposes. :x(’
A Secret within a Secret. 7.
But, anyone who has ever tried
to sell electric cookers will ask 5d.

“ How did Mr. McKenzie persuade

e ——

5,000 people in Wimbledon to
purchase their cookers ? ”’

The answer is, ‘ He didn’t.”
But, still, he has managed to get
these 5,000 cookers into the
homes of the people of Wimbledon
with their full consent and to
their continued satisfaction, and
the method he used and is using is
ridiculously simple.

What the Gas Companies Learnt Thirty
Years Ago.

He did the same as the gas companies
all over the country have been doing for
the past 20 or 30 years. He installed
electric cookers for a nominal quarterly
rent comparable with that charged by a
gas company for a gas cooker,

00 2 4 6 81077 14 16 18 20 22 24 26 28 30 37 34 36 38

Millions of Units Sold per Annum.

AN INTERESTING (GRAPH.

This shows units sold per annum plotted against
average price per unit, covering the period 1913-1933.
It is interesting to note that when development on
scientific lines started (in 1922), these two variable
became related by an approximate mathematical laws
Previously there seems to be no connection between.
the two figures.

money invested by the Borough in the
purchase of electric cookers will be, and is
being, paid off out of the yearly profits on
the sale of electric current, so the consumer
pays just the same with this vital difference
—he pays in a manner which is perfectly
painless, therefore he pays cheerfully, and
he recommends electric cooking to all his
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friends. A similar system has been adopted
in.- connection with electric wash boilers,
water heaters, fires, iron and kettles.

Some Interesting Questions and Answers.

Now we come to another aspect of the
subject—Is the system outlined above a
good thing for the electricity industry as
a whole ? As far as the generating side is
concerned we shall simply ask another
question, viz, :—

“ Is it better to sell, as in 1921, 4,000,000
units at a cost of 43d. each, to give a net
loss of nearly £3,700, or is it better to sell,
as in 1933, 37,000,000 units at an average
price of 1.32d. with a profit of £31,000? "
—and leave the reader to answer it.

The Manufacturer.

From the point of view of the electrical
manufacturer there can be no question
that he is delighted to supply the extra
plant, switchgear, cables, meters, and the
25,000 cookers, wash boilers, water heaters,
irons, kettles and fires which have been
requisitioned during the past eight or nine
years on behalf of the electricity con-
sumers of Wimbledon.

The Instailation Engineer.

This leaves us with a third important
interest still to consider, viz., the Electrical
Installation Engineer and his staff. At
first sight it would appear that for an
electricity undertaking to supply and
install cookers, wash boilers, and other
current-consuming devices for a nominal
charge is distinctly against the interests
of this section of the industry, but let
us look at the facts. When this system
was started in Wimbledon, i.e., during the
years 1922 to 1923, the number of people
employed by the Wimbledon Corporation
on the distribution and maintenance side
was #5. To-day the number of people
employed by the Wimbledon Corporation
on the distribution and maintenance
side is 274.

In 1923 electrical contractors in the
Wimbledon district had a clientele of
about 9,000 consumers of electricity in
their district. To-day this figure is in the
region of 29,000.

True, the Wimbledon Corporation irstall
and maintain their own cookers and other

apparatus which is hired out, but the
field for the sale of all-mains wireless sets,
table lamps, electrical refrigerators,
toasters, fans, vacuum cleaners, lamps,
lamp shades and fittings has been trebled
during the progress of the Wimbledon
experiment.

Here again we will leave the reader to
answer the question for himself. We
prefer only to state the facts.

This System is Bound o Come.

The results achieved during the past
10 years at Wimbledon demonstrate
conclusively the lines upon which elec-
tricity supply can be developed rapidly
in this country. It is admitted that
Wimbledon is a district which has lent
itself to rapid development, but most
supply areas possessing equal facilities
from this point of view lag far behind this
in achievement. Much has been written
and more has been spoken in attempts to
prove that electricity can never be made
available to the general public at less than
2d. or 3d. per unit if the supply under-
taking is to show a profit. We think we
can carry every reader with us when we
say that where they are available, accom-
plished facts are more convincing than the
most elaborate arguments. It is our
considered opinion that the system so
successfully demonstrated at Wimbledon
is bound to come into wide use in other
undertakings. There will be opposition,
as there is to every forward move, but we
believe the sooner this system becomes
widely adopted, the better it will be for
electrical engineers in all sections of the
industry.

A Short Digression.

The Chief Engineers of many other
electricity undertakings in this country
can bring about a similar development in
their own undertakings if they wish to do
so. At the present time only about one-
third of the 12,000,000 houses in the
country are wired for electric supply,
whereas 94 out of every 100 houses in
‘Wimbledon, Merton, Malden and Coombes
are supplied with electricity. By adopting
a similar policy it should be possible to
double the number of consumers in the
country within the next five years. Wim-
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bledon has shown how it can be done, and
providing that proper incentives are offered
to the engineers and managers responsible
for the undertakings, progress should be
equally rapid in many other districts.

A Few Words on Emoluments.

It is fairly common knowledge that
many chief electrical engineers are under-
paid in proportion to the responsibility of
their position. Electrical progress, like
most other things, cannot be worked out
entirely on paper. It can be planned, but
in the end the plan must be put into action
by a capable engineer who has also com-
mercial ability. To embark on a pro-
gramme of expansion involves the
responsible engineer in a great deal of
administrative detail. If the Chief Engineer
sees little prospect of personal advancement
what inducement is there for him to take
up the installing of cookers, water heaters,
fires, and other appliances.

“It would,” says he, “be a splendid
thing for electrical manufacturers, it

would probably be very good for the
consumers, and also profitable to the
undertaking, but as far as I am con-
cerned, it will only mean that my work
and worries will be at least doubled or
trebled.”

On the other hand, we believe that
there are very many engineers who are
so keenly interested in their work that
they would not consider their own side
fo the question—but if they do who can
blame them ?

Therefore, if this rapid development
which we all desire is to take place, not
only must prices be lowered and heating
and cooking appliances be made easily
available to consumers, but also the
engineers and managers must have an
nducement offered fto them. A small
commission on the profits of the under-
taking added to the basic salary is a
reasonable system, but the exact method
of remuneration does not matter. What
does matter 1s that the men who can develop
the industry shall be given a suiiable in-
dicement to do so.

USEFUL TABLE OF CURRENT CONSUMPTION
FOR DOMESTIC APPLIANCES

Units Current Consumption, Amperes,
Con- |Hours
Rating sumed| per
in Watts. per | Unit. 100 110 200 210 220 230 240 250
Hour. volts. | volts. | volts, | volts. | volts, | volts, | volts. | volts.
15 .015| 66.6 .15 .I36 .075/  .0715 .068 .065; .0625 .06
25 .025! 40 .25 .227 .125| .IXg 114 .I08] .I04 X
o .0 25 . .36 .2 .I9 .I8 LI7 .16 .I6
Lamps go .og 16.6 g .55 .3 .286 .27 .26Jr .257 .24
75 .075| 13.3 75 .68 375 .357 234 .326] .312 -3
100 .1 10 I .91 .5 .475 455 435  .415 4
200 .2 5 2 1.8 I .05 .91 .87 | .835 .8
Irons 300 .3 3.3 3 2.7 1.5 I1.44 1.36 1.3 1.25 1.2
500 .5 2 5 4.5 2.5 2.38 2.27 2.17 | 2.08 2
1,000 I b 10 9.1 5 4-75 455 4.35 | 4-15 4
Fires< 2,000 2 .5 20 18.2 10 9.5 9.1 8.7 8.35 8
3,000 3 .33 | 30 27.2 15 14.4 13.6 13 12.5 12
4,000 4 .25 | 40 36.4 20 19 18.2 17.4 |16.7 16
Coolke 5,000 5 .2 50 45.5 25 23.8 22.7 21,7 |20.8 20
Qokers 6,000 6 .17 | 60 54.4 30 28.8 27.2 26 25 24
7,000 7 .I4 1 70 63.7 35 33.25 31.85 | 30.45 [29.05 28
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through the current circuit and current
coil in addition. This will tend to bring
back the pointer from the infinity position -
which it had taken up when the only
influence upon the two coils was that
exerted by the pressure coil. In this
way the pointer will ultimately come to
rest at a position where the forces exerted
by the current and pressure coils respec-

making connection to the appropriate
terminals will indicate immediately
whether there is or is not a conducting
path of sorts round the circuit under
test.

The Normal Method of Using the Instru-
ment,.

The first and what I may term the

normal method of using this instru-

tively have reached a state of equilibrium
This, then, is the ——
principle of the A 5
instrument, which @ @
a true ohmmeter; @
that is to say, that

tain extent on the
lines of the methods
of using the Megger
insulation  tester.

ment, is to a cer-

it records the re-
sistance of the cir-
cuit under test
according to prin-
ciples which take
no account of the
actual pressure

\\\

That is to say that
two terminals at
the side of the
instrument which
are visible in Fig.
2 are respectively
connected to two

which is being leads. Itshould be
applied, but only Fon I T ORAL PURBOAES ONLY noted that in the
take account of case of this instru-

the ratio between
the forces exerted
by the two coils,

ment the connection
is effected by a
spring terminal, it

the pressure coil being necessary only
and the current to depress the
coil, since any vari- \ button at the top
ation in the actual of the terminal
pressure must affect b J&  IF which opens an

both the circuits
equally and, there-

aperture into which
the bared end of

fore, both the coils.

the lead is inser-
ted; when the
pressure is removed

Some Practical

KEY. from the button

Uses.

Let us now turn
to a consideration

the bared end is
clipped tight in
" ~0-0~0—0- a metallic con-

of the wuses of this
instrument.

In the first place,
it is reasonable to
remember that even in cases where we
do not require an exact resistance reading,
this instrument will immediately tell us
whether we have a closed circuit or not.
So, if we only consider it as a more con-
venient form of the old galvanometer and
battery principle of testing, that in itself
is something, since the instrument can be
carried about as a compact unit, and by

Fig.

8 —TESTING OUT THE RESISTANCE OF
TELEPHONE CIRCUITS.

tact. Thus, with
the instrument hav-
ing two leads from
its two terminals,
these are respectively connected to the
ends of the circuit.

Now, instead of turning the handle of a
generator, as in the case of the Megger
insulation and continuity tester, the
third button in the other corner of the
instrument is depressed. This completes
the circuit, and the measurement of the
resistance is read directly from scale on
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the most inaccessible portions of the
anatomy of a complicated electrical device.
He can insert them until they are making
contact with the respective terminals of
the circuit to be tested, and not until
he is satisfied that contact is made need
he press a switch on one of the handles,
and then, glancing down, read from his
instrument scale the resistance of the
circuit ; or, alternatively, whether the
circuit is a closed circuit at all.

Testing Out
Circuits.
In the case of testing out the resistance
of telephone circuits in general and of
house telephones in particular, the instru-
ment with the spike connectors will
probably be found the most convenient.
In order to get the resistance of a telephone
line it is necessary to loop the two con-
ductors together at one end of the circuit
and then to take the test across the two
free ends of this pair of conductors at the
other end. The reading thus recorded is
a measure of the total resistance of the
entire circuit, which, of course, includes the
two conductors. Let us assume that
conductors A and B in Fig. 8 have been
looped together at one end and the test
taken across them at the other end fails to
produce a rteasonably low resistance.
Conductors A and B should be discon-
nected from one another at the far end,
and conductor A should be looped, say,
with conductor C and another test taken,
and subsequently conductor B with con-
ductor C and another test taken. Alter-
natively, conductor A may be connected
to earth and the test taken at the original
end between the free end of conductor A
and earth, or conductor B may be con-
nected to earth and the test completed in
this manner. By either method it is
immediately possible to establish on which
of the two legs the fault lies.

Resistance of Telephone

Armature Testing.

This same instrument with the spikes
can conveniently be used for armature
testing, as shown in Fig. 7, where a test
between any two segments of the com-
mutator can be compared with what the
resistance of the windings thus brought
into circuit should be.

Fig. 6 shows how the instrument, used
in the same manner with the three leads
and the two spikes, can conveniently be
used to test any individual circuit in a
radio set.

Fig. 9 shows yet another use for the
instrument, where it is used for testing
out the magneto windings of a motor-car.

Testing Resistance of Metallic Sheathing
or Conduit.

One rather widely abused section in
the Regulations for the Electrical Equip-
ment of Buildings demands that the resis-
tance of the metallic sheathing or conduit
of any metal-sheathed wiring installation
shall not exceed z ohms measured from
the most remote part of that sheathing
to earth. Here is an immediate and ready
means to ascertain whether the resistance
of such sheathing does, in fact, come
within the provisions of these Regulations
ornot. Domestic apparatus can be tested
to see whether the heating element is
showing the correct resistance; motors
can be tested ; generators can be tested ;
in fact, there is no piece of electrical
apparatus upon which a test of this sort
will not provide useful intelligence.

Telephone Work and Weak Current Work.

Most of all, perhaps, its use lies in the
direction of telephone work and weak
current work in general. It is in this
class of work that we have usually a large
number of circuits, and circuits operating
at low voltages, with the result that the
resistance of each circuit is far more
important than the exact resistance of a
circuit operating under the influence of a
higher voltage. Although a good contact
in a terminal is a maxim of all good wiring
work, such contact is clearly of much
greater importance in a circuit operating
at 4 volts than in one operating at 230
volts.  An inefficient or ineffective con-
tact of any sort on a circuit which should
have complete and unblemished continuity
is immediately shown up by a reasonably
increased resistance as shown on this
instrument.

I am indebted to Messrs. Evershed and
Vignoles, Ltd., for lending me the illus-
trations for this article and providing me
with facts about the instrument.
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HINTS AND TIPS FOR THE PRACTICAL M AN

Readers are invited to send brief paragraphs for inclusion in this section.
All contributions will be paid for at our usual rates

FILLING HOLES IN EBONITE PANELS.

Holes which are not required in ebonite
panels should first be plugged with pieces
of soft wood, such as deal, cut about
£¢-in. shorter in length than the thickness
of the panel. Drive the plug into the hole
so as to leave it +%5-in. below the surface
at each end. Then level up with melted
Chatterton’s compound, or pitch ; smooth
off with a heated knife blade.

AN IMPROVISED CIRCUIT FINDER. |

A flash lamp should form a part of every
electrician’s equipment. Not only is it
needed for use in dark corners etc., where
meters and fuse boxes generally are, but
it also forms a useful circuit finder, when
wiring two or three two-way switches
on to one block.

Hold one end of wire on the threaded
part of the lamp and the other end on
one of the battery terminals; then by
placing the centre contact of the bulb on

Connecting
wire for
test
Flash-lamp

battery

the other battery contact, it is easy to
find out which is which. Don’t forget,
of course, to make sure the main switch
is turned off,

A FUSE HINT.

The practice of running all the current
required for a house through one set of
fuses may be cheap, but it is not at all
practical. The best plan is to place one
or two of the lights nearest the fuse box
on one set of fuses, so that in the event
of a fault developing somewhere, there
is at least a light on until the fault is
found and remedied. With all the load

Out In Out
. %Fa”/t ‘ | ‘;Fau/ﬁ
—o— - O——
._@.—.

B A AL 1

M M M M

on one fuse, any fault cuts everything
off until the fault is found, and the fuse
replaced. It also pays wherever possible
to keep all the plugs or points for appli-
ances with flexible leads on circuits to
themselves, as most blow-outs are caused
by these.

NICKEL PLATE ADHESION.

The imperviousness and adhesion of
nickel plate depends to a predominating
extent upon the mode and thoroughness
of the preparatory cleansing.

The ifollowing process has proved be-
yond doubt its effectiveness in ensuring
a trouble-free finish, and is productive
of very satisfactory results with steels.

I. Five minutes’ immersion of the
article as cathode in boiling caustic soda.
4-5 ozs. of soda rer gallon of water, and
20-30 amps. per square foot of the article’s
surface.

2. Rinse in cold water to remove
adherent alkali.
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3. Two minutes immersion as anode
in sulphuric acid at room temperature.

4. Rinse in clean hot water to remove
acid and crystalline products adhering
to the surface.

5. Pickle in hot weak solution of a
hydrochloric acid. "

6. Rinse quickly in clean hot water to
remove all traces of acid, and transfer
mmediately into the plating bath.

WIRING UP ELECTRIC
IRONS, CLOCKS, ETC.

When wiring up irons, clocks, kettles,
etc., to plugs it is a good plan to use a
length of dress cord, such as used on
ladies’ cycles, to bind the end of the flex
where this enters the plug, as shown in

the sketch. This binding increases the
life of the flexible enormously, and gives a
neater finish.

VASELINE FOR FUSES.

It is a good idea to keep a tin of vaseline
handy in the tool bag. A trace of
vaseline smeared on fuse contacts makes
them far easier to withdraw and replace,
and also prevents that green deposit
which appears in damp places. Vaseline
is also useful for power switches, saving
wear on the switch blades.

USING THE ELECTRIC MAINS AS AN
AERIAL,

Users of wireless receivers in houses
having electric lighting may utilise the
lighting circuit as an aerial in a very
simple manner,

It is only necessary to connect the aerial
terminal of the receiver to one terminal
of a fixed condenser of small capacity,
namely, from .0003 to .0005 mifd. The
other terminal of this fixed condenser
should be connected to one of the two
lighting leads. In this connection it will
generally be found that one of the mains
wires gives practically no hum (when

A.C. is used), whereas the other wire gives
appreciable hum.

The Fixed Condenser.

The fixed condenser should be of the
best mica insulation type and it is advisable
—but not essential-—to fit a fuse between
the aerial terminal of the set and the fixed
condenser. If for any reason the two
sets of tin foil plate of the condenser
short-circuited this fuse would protect
the coils of the receiver against the
effects of the mains current.

Shielded Cables.,

It is also an advantage with A.C.
sources of mains supply to employ shielded
cables for the connection between the
aerial terminal and the fixed condenser ;
the shielding should be earthed.

Although a mains aerial does not give
the same results as an outdoor aerial it is
an excellent substitute in cases where the
latter cannot conveniently be fitted.

MERCURY CUP SWITCHES.

It is generally accepted that in cases
where switches must have a constant
resistance to their action—as in precision
work—the mercury contact type is defi-
nitely superior to the others. A well
amalgamated copper prong dipping into a
cup containing clean mercury gives a fixed
and low value for the contact resistance.

One drawback of this type of switch,
however, is that in the course of time the
surface of the mercury deteriorates and a
film of impurity is formed. This film tends
to alter the contact resistance and the
switch therefore loses its main advantage
over the other types. In practice it is not
always convenient to remove and clean
the mercury by the usual suction method.

A Good Method of Cleaning the Mercury.

A good method of cleaning the mercury
is to employ a piece of filter paper that has
been dipped into water. If this moistened
paper is moved over the surface of the
mercury it will be found that the impurities,
owing to some form of capillary attraction,
cling to the paper and can therefore be
removed with it.

A few applications, using strips of wetted
filter paper will generally be found to be
sufficient for cleaning the whole of the
surface.
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WIRING DIAGRAM FOR A SERIES-WOUND MOTOR
AND STARTING RHEOSTAT.

Three examples of D.C. motor drives
are shown in the accompanying photo-

graph.

Wiring.

It is usual for the manufacturer to
supply a wiring diagram with each machine
and the directions given on this should be
carefully followed. Wiring diagrams are
given for series-, shunt- and compound-
wound motors, and show the general
arrangement.

WIRING DIAGRAM FOR A SHUNT-WOUND MOTOR
AND STARTING RHEOSTAT.

machine at the commutator end to indi-
cate the direction of rotation.
Starting Up a Motor for the First Time.
A motor which is being started for the
first time should be slowly rotated by hand
a few times to make sure that the arma-
ture is quite free and does not bind. All
dirt and foreign matter must be removed,
particular attention being paid to the
commutator and brushes. The motor
must be properly lined up with the
machine it is driving, and if a belt is used,
see that it runs in the middle of the pulley.

Direction of Rotation. . The connections of
The direction of FUSES LINE the motor and
rotation must be starting rheostat
checked before a should be carefully
motor is put into ser- checked by the dia-
vice, because if a gram.
motor runs in the The bearing oil
opposite direction to reservoirs should be
that required, and it filled with high-grade
is connected to what- oil, so that there is
ever equipment it no danger of the
is to drive, there bearings  becoming
may be disastrous ® Y & <‘_] overheated.
results. Umnless STARTING FIELD Take care that the
specified otherwise, RHEOSTAT brushes are making
motors are usually et proper contact with
supplied for anti- ARM. the commutator, and
clockwise rotation. that they exert the

An arrow is generally
painted on  the

WIRING DiaGraM FOR A COMPOUND-WOUND
MOTOR AND STARTING RHEOSTAT.

correct amount of
surface pressure.
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UNLOADING & HEAVY MoTOR FROM A LORRY.
The slide rails are lifted and rollers placed under them, the motor is pushed slowly towards the

““ deals ”’ and the back roller taken out.
surface of the ‘ deals.”
the track if the motor is very heavy.

g in, X 4 in. “deals ”’; the angle of their
inclination to the floor must not exceed
30° and their ends which rest on the floor
should be ‘“ scotched ”’ to prevent slipping,
also the wheels of the lorry should be
similarly ““ scotched.” The projection of
the upper edges of the ““ deals,” which rest
on the end of the lorry, above the surface
of the lorry is measured, and three iron
rollers, whose diameters are equal to this
projection, are obtained. If the projec-
tion is excessive, then wooden packings
will have to be placed under the slide rails,
so that when the rollers are placed under
the rails, the machine can be rolled on to
the ““deals.”

Placing the Rollers Under the Slide Rails.

The ends of the slide rails at the back
end of the lorry are lifted with a suitable
steel bar, using the bar as lever, with a
piece of hard wood
for a fulcrum or
“heel.”” Place one of
the rollers under the
ends of the rails,
keeping the fingers

The motor is tilted gently until the slide rails rest on the
Additional wooden packings are placed under the “ deals ” miudway along

and the roller is pushed farther under the
rails until it is approximately below the
centre of the motor, when with a pressure
exerted on the end of the motor at the
front end of the lorry, another roller may
be placed under the end of the rails to
occupy the same position as the first roller
before it was pushed under the centre of the
motor,

Rolling the Motor on to the ‘‘ Deals.”

Push the motor forward until the edges
of the slide rails overlap the ends of the
deals. The centre roller will now have
moved towards the ends of the rails, and
should be taken away. The motorgis
now on one roller which will have moved
under the rails towards the centre of the
motor. The motor is again pushed forward,
and the end which is towards the ““ deals
is tilted gently downwards wuntil finally
the whole of the
rails rest on the
surface of the in-
clined track.

Sliding the Motor

clear in the event

(o) |

] to the Ground.

of the bar slipping;
the roller should be

Q

Q.

i | Ease the Ilower
@ ends of the slide

at right angles to
the inclined track
of the “deals.”
Another lift is made,

TrE MoToRr 1s TAKEN TO 1TS RUNNING Position
BY PraciNg RoLLERs UNDER THE SLIDE Rarrs.

The front roller is placed in position imme-
diately before the back roller is free.

rails by gently lift-
ing them with the
bar and at the same
time push the motor
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placing the front roller at right angles to
the new direction which is desired. In the
case of a right angle turn, the change in
direction of travel should be carried out
in about three stages, that is, by
successively changing the inclination of the
front roller until the direction of fravel
desired is obtained.

Taking the Motor off the Slide Rails.
This may be necessary in order to drill

THE DIRECTION OF TRAVEL 1s CHANGED
BY ALTERING THE INCLINATION OR
“ CUTTING ”’ THE FRONT ROLLER.

forward carefully. As the rails near the
ground, remove the ““scotch” from the
“deals” and place a roller in position to
receive the rails as they come forward,
easing them as the motor nears the ground.
A second roller is placed in front of the
rails and the motor again pushed forward
until both rollers are under the rails and
the slide rails completely clear of the
“ deals.”

Moving the Motor to the Running Position.

Push the machine forward and as the
back roller is on the point of leaving the
slide rails, place another roller in the front
of the rails. This procedure should be
repeated when the back roller is again THE MoTOR 1s LIFTED FROM THE SLIDE RAILS

. . A AND Packep Up ABOVE THE ENDS OF THE
on the point of leaving the rails. The BoLrs, WHEN THE SLIDE RAILS ARE TO BE

direction of travel may be altered by FIXED ON THE FOUNDATION.
_ ~

Bl
\\

=== A . *.
———— e = TM-M A5 AN AR OISl ST st
e E\Munonnﬂ@nhﬁﬂenﬂﬂu.& ey <3 w-wmcm»u
\/\ == B - —
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A WooDEN FLOOR FOUNDATION IS STRENGTHENED AND VIBRATION IS REDUCED WITH ‘° DEALS ”’
WHICH ARE SECURED TO THE FLOOR BY COACH SCREWS SCREWED INTO THE JOISTS.
The slide rails are fixed to the ‘“ deals.”
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A MOTOR MAY BE SUSPENDED FROM A CEILING WITH WI OorR MILD STEEL HANGERS WHICH ARE BOLTED
TO THE JOISTS.
The hangers are stiffened by cross stays.

the holes for the foundation bolt holes
after the motor has been lined up.

Unscrew the nuts (from the bolts) which
hold the motor to the slide rails.

Lift up one side of the motor with the
steel bar and place a wooden packing
between the bars of the motor and the
surface of the floor; repeat this operation
with the other side of the motor. The
motor must be raised in stages as described
adding the wooden packings until the base
of the motor is completely clear of the slide
rail bolts. The packings should be sound

El\?‘

[N

pieces of wood, having perfectly flat
surfaces.

Preventing Vibration and Strengthening a
Floor Foundation.

When a heavy motor has to be fixed on a
floor which is supported by wooden joists
it is often mnecessary to fix the slide
rails on g in. X 3 in. “ deals,” which are
secured to the surface of the floor. The
deals are drilled and recessed, at intervals
along their length, with holes to accommo-
date the stems and heads of 8-in. long

THE MoTOR Is FIXED ON THE WALL BRACKET, WHICH IS BOLTED TO THE WALL.
The bracket is stiffened with a stay.
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A PurLLeY wHICH I1s DIFFIcULT TO REMOVE MAY BE DRAWN OFF WITH ‘° DRAWING IRONS.”
The pulley should be tapped as the nuts on the drawing iron stems are screwed up. Place a piece
of wood on the edge of the pulley when tapping it with the hammer.

coach screws. The centres of these holes
will be equal to the distance between the
centres of adjacent joists. FEach joist
above which the deals will lie, is drilled for
a depth of about 3 in. with a hole large
enough to allow the coach screw to get a
good hold when it is screwed into the
joist.
Suspending a Motor from a Ceiling.
When floor space is limited, and the
motor is not too heavy, it may be sus-
pended from the ceiling by hangers made
of suitable bar iron. Two ¢ in. X 3 in.
“deals ” are secured to the joists with
8-in. long coach screws at intervals. The
ends of the ““ deals” are secured to the
joists with bolts which pass through the
joists into the floor above. Each bolt
is provided with an iron plate about
6 in. square which is drilled and fitted
between the surface of the floor and the
nut. The hangers, and a bar of iron
which is secured to the lower face of each
deal with the coach screws, are fixed to the
“deals” with the
bolts. The hangers
are stiffened with
cross bars made of
flat iron.

Driven Pulley,

with a stay on each leg. The wall is drilled
through in two places for 1 in. bolts, and
the bracket is secured to the wall with
these bolts which are fitted with wall
plates about 6 in. long and 3 in. wide,
The wall plates are placed between the
outer surface of the wall and the nuts.
The bearing surface of the bracket is
fitted with cross bars to which the slide
rails are bolted.

Drawing a Pulley off a Motor Armature
Shaft.

Occasionally, when a pulley is very tight
on the shaft, it cannot be forced off with a
bar, which is placed between the endplate
and the boss of the pulley, then it has to be
drawn off with “drawing irons.”

The set screw which holds the pulley
to the shaft is removed, and a little paraffin
oil is poured into the screw hole. The oil
will soften any rust which may be on the
shaft and materially assist the operation
of drawing off the pulley. The irons are
fitted on the pulley, and the nuts on the
iron stems are gra-
dually tightened ; tap
the pulley during the
tightening  process.

Fixing a Motor to the
Side of a Wall.

A wall bracket is

made from suitable

angle or bar iron,

pulley
and strengthened

Linixg Up A PuLLEY.

One end of the line is clamped to the outer
edge of the driven pulley, and the line
stretched taut across the edge of the motor
The slide rails are turned until the
edge of the motor pulley is parallel to the line.

- g Should the pulley
;1 show mno signs of
1 moving, heat round

the boss of the pulley
with a blow lamp
which will cause the
hole in the pulley to
expand a little before



February

THE PRACTICAL ELECTRICAL

ENGINEER 250

CORRECT AND INCORRECT PosITIONS FOR MOTOR

(r) The correct position of the motor relative
to that of the driven pulley to obtain a good
drive. (2) A tight belt is required for this
drive, and there is an excessive loss of power
and possibility of hot bearing. This position
should be avoided. (3) The motor position is
wrong ; this belt will slip and speed of the
driven pulley will be reduced when load is
increased.

the shaft gets hot. This treatment,
together with tapping the pulley and
tightening the stem nuts, will generally
draw the pulley off the shaft. If the
key is tapered, a wedge will have to be
driven in between the head of the key

FLEXIBLE METALLIC MOTOR
TUBE

TERMINAL
80ox

MAINTAINING THE ELECTRICAL CONTINUITY OF
CoONDUIT TO THE TERMINAL Box oF A MoToRrR
wHICH 1$ FIXED ON SLIDE RAILS.

The terminal box is drilled and a conduit
nipple fitted to the hole. The end of the con-
duit is connected to the nipple with flexible
metallic tube, the tube being clamped at each
of the ends.

and the boss of the pulley before the
drawing operation is commenced.

Lining Up a Motor Pulley.

This should be done before the slide
rails are bolted to the foundation. One
end of a line is clamped to the outer edge
of the driven pulley; the line is then
stretched so as to pass across the outer

TAKING ARMATURE OUT OF MoToR CASE.
Flat surfaced wooden packings are built up
by the side of the motor case to the required
height and a rope sling is placed across the
packings. The armature is carefully withdrawn
from the case, easing the weight by lifting at the
commutator end of the shaft.

edge of the pulley flange or rim. The
slide rails are then moved until the rim
of the pulley is parallel to the line; allow-
ance should be made for any difference in
width between driven pulley and the motor
pulley. The crown of the former pulley
should be exactly in line with the latter
pulley.
Arranging the
Slack Side
of a Belt
to be Up-
permost.
Efficient
driving of a
pulley with a
belt and pre-
vention of
slipping may -
only be ob- SBoxt* ' . .
tained by
having the
slack side of
the belt upper-
most. The
direction of
rotation of the
driven pulley
must be
known and
then the posi-

CABLE
CORES

MAINTAINING THE ELECTRI-
caL CONTINUITY OF AN
ARMOURED CABLE AT A

tion of the  Swrrca Box CoNNECTION
motor, asindi- A nipple is fitted at the
T inlet and outlet to the box
g@ted in the and the armouring of the
1agram, Call  cabple at each place is clamped
be fixed. to the nipple.
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WOODEN BATTENS

SECURING A RUN oF CONDUIT OR ARMOURED
CABLE 10 AN H-sEcTION IRON GIRDER.
Wooden battens are wedged between the
flanges of the girder at intervals along its length,
and the conduit or armoured cable is secured
to the battens with saddles.

The motor pulley should never be
directly underneath or above the driven
pulley. Driving in such a case could only
be obtained by having a very tight belt
and this would probably cause hot bear-
ings and an excessive loss of power.

The Motor Should be Perfectly Level.

The surface of the slide rails to which
the motor is bolted must be tested in
both directions with a spirit level which is
placed on the machined surfaces. Thin
steel wedges are driven under the slide
rails to obtain correct levelling before the
foundation bolts are finally tightened up.

BATTENS

HOLES
ORILLED AND
TAPPED

"WHITWORTH
7 S THREAD

()
VamA 54
Yo SCREW

D S N
@ @ SADDLE

WHEN THE CoNDUIT OR ARMOURED CABLE IS

Run oN THE UNDER SURFACE OF THE GIRDER,

A NUMBER OF % IN. WI StrAPs 1 IN. WIDE

AND OF SUITABLE LENGTH ARE DRILLED AND
TAPPED.

These straps are placed in position at intervals
along the girder and the ends bent over the
flanges. The conduit or cable is secured to the
straps with round-head short & in. screws,
which hold the saddles to the straps.

Ta,kirég the Armature Out of the Motor
ase.

Run the oil from the bearings and
remove the pulley, lift the key from the
keyway in the motor shaft and specially
mark one end of the upper surface, so
that it may be replaced correctly. Take
the brushes out of the holders. The set
screws which hold the endplate to the

STANDARD CONNECTIONS FOR D.C. MOTORS.

MAINS MAINS MAINS
l l STARTER l l STARTER STARTER
MAIN % ot
SWITCH -— —
L AFE L1524
MAIN
FUSES
e e
AMINAL] BOX OF STA
TEghéﬂ;lAL TE ENERGISED
e 74 FROM THE
' MAINS.
@ ARM,
FlELD SHUNT FIELD
SERIES FIELD

D.C. SHUNT MOTOR.
Reverse direction of motor
by changing over the wires
from the shunt field at the

terminal box. the motor,

D.C. ComrouND MOTOR.

Reverse direction of motor
by changing over the brush
leads at the terminal box of

D.C. SEries MoTOR.
Reverse direction of motor
by changing either the brush
leads or the wires from the
series field at the terminal
box of motor.
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MAINS‘;1 REVERSIBLE STARTER I/IAINS1
77 i T e

MAIN
FUSES

FIELD

CONNECTIONS FOR D.C. REVERSIBLE SHUNT
MoToOR.
The direction of the armature current is
reversed by moving the starter arm in the
reverse direction.

MAINS
SPLIT PHASE STARTER
MAIN
SWITCH
RUN
el START
it
RESISTANCE
DS M SR
L1
iy
IS M R __TERMINAL BOX
STARTING
WINDING

RUNNING WINDING

SINGLE-PHASE A.C. MoTOR CONNECTIONS.

The motor is started as a two-phase motor
by introducing a starting winding in the circuit.
‘When the motor has run up to speed this winding
is cut out of circuit by changing the starter
arm from the “ start” to the running position.
Reverse the direction of motor by changing
over either wires from starting or running
winding at the terminal box.

(]

FUSES [ L A > 4

oe o
. . . .
% MAIN \ . OUT|mmeg eo|FULL

-]

aﬁrﬁwmn BOX

INTERPOLE WINDING

FIELD

ConNEcTiONS FOorR D.C. INTERPOLE SHUNT
VARIABLE SPEED MOTOR.
The motor should not be started unless the
regulator resistance is all cut out.

AIN.

(7]

lM
% MAIN
SWITCH

MAIN
FUSES

pe—

STARTER

\ 4 YV

4 h\STATOR
I TERMINAL
BOX

ROTOR
TERMINAL:
BOX

STATOR STATOR
STARTING RUNNING
WINDING  WINDING
¢ SLIP 'RINGS
HeviAND SINGLE-PHASE A.C. MoTorR CONNEC-

TIONS.

On starting the motor the starting and running
stator windings are connected in parallel, whilst
a resistance is introduced into the rotor circuit.
‘When the motor is run up to speed, the starting
winding is cut out of circuit, and the resistance
cut out of the rotor circuit.
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A C. MAINS A.C MAINS
Ly Lz L3

L1

MAIN FUSES
STAR DELTA SWITCH

r | {
o1 82 &3
oLy é = éLs

e’ 92" §% istArT

— |

RUN

iV

3

)]

]
7

S 15 29 2"

3$ 3»¢] < TERBFZ;;:‘JAL

STATOR WINDINGS

A.C. THREE-PHASE SQUIRREL CAGE DoTor
CONNECTIONS WITH STAR DELTA STARTER.

When the motor is started the star delta
switch connects the stator winding in star
form, and when the motor is run up to speed the
handle of the switch is thrown over to the
“run’’ position, causing the windings to be
connected in mesh or delta form.

The direction of rotation of the motor may be

one winding at the terminal box.

motor case at the pulley end of the motor
are unscrewed and taken out, and a sharp
pull is given to the end of the motor shaft.
This will move the endplate from its
seating and the plate may then be drawn
off the shaft. Give the endplate a rotary
motion whilst taking it off the shaft,
which has been previously cleaned and
smeared with a coating of clean oil.

Build up some wooden packings at the
side of the motor case to the height of the
lowest part of the armature coil, and if the
armature be heavier than can be lifted by
one man, lay a rope sling across the
packings. The armature is now slowly
drawn out of the case so that the core
will rest on the sling. When carrying out
this operation, the weight may be eased by
lifting up at the commutator end of the
shaft as it is drawn from the bearing.

The armature is then balanced on the

T Ia T
7%%!MA|N SWITCH

AUTO TRANSFORMER SWITCH
RUN

START

6 o o ©

TERMINAL
 be—"80x

(0049
STATOR WINDINGS

A.C. THREE-PHASE SQUIRREL CaceE Motor CoN-
NECTIONS WITH AUTO - TRANSFORMER STARTER.

When the motor is started the auto-trans-
former switch connects the stator windings
across the transformer tappings, and when
the motor is run up to speed, the handle of the
switch is thrown over into the ““ run’ position,
causing the stator windings to be connected
directly across the mains, and cutting the
transformer out of circuit.

reversed by changing over the leads of any

sling, which is securely fixed round the
armature core, and the armature removed
to a suitable cradle until it is required.

System of Wiring to the Motors and
Switchgear.

Generally the system of wiring which
should be employed must be fireproof,
and mechanically strong. Conduit sys-
tems and armoured cable systems comply
with these conditions, and in each case
the system may be made watertight and
gastight by using suitable fittings.

Under certain conditions a lead-
covered wiring system or C.T.S. cable
system may be used with advantage,
for example, where the atmosphere is
liable to be charged with acid or alkali
fumes, or where the changes of tem-
perature may be varied considerably.
Under the latter condition there would be
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internal condensation produced in a con-
duit system which was not gastight, and
consequently the insulation resistance
of the cables may be lowered beyond a
safe limit.

Should a lead-covered wiring or C.T.S.
cable system be installed, means should
be taken to afford additional mechanical
protection to the system where it may be
liable to damage, and also to give adequate
protection against a fire starting in the
event of a short circuit occurring
on the system.

Determining the Size of the Cables.

Before the wiring system can be erected,
the size of the cables to be run to the
various motors must be determined.

Examine the name plate of the motor
and make a note of the current taken
by the motor, the current given will be
“full load ” current. If only the B.H.P.
and supply voltage of the motor is given,
the approximate full load current may
easily be calculated.

D C. 230 volts.—4 amperes per H.P.

D C. 460 volts.—2 amperes per H P.

A C. single phase 230 volts with Power
Factor = .7—6 amperes per H.P.

A.C. single phase 460 volts with Power
Factor = .7—3 amperes per H P.

A.C. three phase 400 volts with Power
Factor = .85-—1 4 amperes per H.P.

In each of the above figures, the
efficiency of the motor has been taken
at 8o per cent., approximately. This
figure will vary; in the case of a small
motor the efficiency may come below
this figure, whilst in the case of a large
motor the efficiency may be considerably
in excess of the figure given.

When the full load current of the motor
has been determined, reference should be
made to Table IV of the Institution of Elec-
trical Engineers’ Regulations for the Electri-
cal Equipment of Buildings. The size of the
cable to carry a certain current can be
obtained from this Table. If the run of
the wiring to the motor is abnormal, the
pressure drop which will occur may be
too much to give efficient results. In
such a case, choose a cable having a
larger carrying capacity than is required.

Erecting the Wiring System.
The runs must be carefully planned,

A C MAINS

MAINS SWITCH
ROTOR STARTING SWITCH

MAIN FUSES

\V

-
Py

STATOR
ST*TERMINAL
BOX

an'
Qe

>

El

STATOR WINDINGS

ROTOR
WINDINGS

A.C. THREE-PHASE SLIPRING MoTorR CONNEC-
TIONS WITH ROTOR STARTING RESISTANCE.

‘When the motor is started the rotor windings
are connected in circuit with a resistance.
When the rotor starting switch is moved over to
the run position, the motor speeds up and the
resistance is cut out of the circuit. The stator
windings are connected to the mains through
the main switch.

having due regard to the labour, and
the structure of the building. Labour
charges become excessive if a large
amount of cutting away, drilling holes
through walls, etc., is done; also in some
cases the structure of the building may
be materially weakened.

Where the building is made of rein-
forced concrete, the fixing surfaces for
the wiring system will be mainly on
girders, angle iron, stays, etc., and here
advantage should be taken by using
special clips which may be obtained for
use in such cases. Do not attempt to
drill the iron or steel work to obtain a
fixing unless it is absolutely essential.

If the system is conduit, the whole of
the runs should be erected before any of
the wiring is drawn in. At convenient
points, junction boxes should be fitted
to facilitate the drawing-in of the cables.

All outlets must be bushed, and only
fittings of the inspection type used.

All junctions between the conduit
and distribution boxes, ironclad switch-
gear and motor terminal boxes should
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be mechanically and electrically con-
tinuous. In the case of terminal box
junctions, a flexible metallic tube con-
nection between the end of the conduit
and the box should be made, where the
position of the motor is liable to be
adjusted for purposes of tightening a
belt drive. The conduit is secured at
intervals along its run with saddles.

When the system employed is an
armoured cable one, at all junctions to
distributing boxes, switchgear, etc., the
armouring must be clamped to the
metal cases, in order to preserve the
mechanical and electrical continuity of the
armouring, Great care should be taken
when stripping back the armouring to
avoid scratches and cuts, as these often
produce a serious wound, owing to the
possible dirt and impurities on the surface
of steel tape or wire armouring, A pair
of stout leather gloves is recommended
when handling the armouring.

The Terminal Connections.

The scheme of connections of the cables
from the supply to the switchgear and
motor will entirely depend wupon the
nature of the supply, whether D.C. or
A.C, and the type of motor. A diagram
of standard connections for D.C, and A.C.
motors is given. In some cases a special
switch control cabinet is supplied. This
cabinet or umit generally comprises a
main switch fuse, or a main switch
fitted with overload and release coils, and
a motor starting switch. Makers generally
supply a blue print of the connections of
this cabinet to the supply mains and the
motor. Their scheme of connections
should be strictly carried out; if any
deviation is desired the advice of the
makers should be obtained.

The actual connections of the cables
to the terminals should be carefully made;
sweating sockets and cable ends should
be tinned before the actual sweating
is done. The bearing surfaces of the
sockets should be cleaned and terminal
nuts screwed down tightly. It must be
remembered that in some cases heavy
currents will be taken by the motors,
and an imperfectly sweated cable socket
or dirty connection will probably cause
a fault.

Summary of Procedure for Starting up
the Motor.

It is most important that certain pre-
cautions should be taken before the
motor is started up, before it is placed
into commission. Generally they are:—

1. Examine the bearings and note
that the lubrication is satisfactory.

2. Take the belt off the motor pulley,
or if the motor is geared, take it out of
gear.

3. Turn the armature shaft round by
hand, and note if there is any “ fouling ”
or obstruction to turning.

4. Examine the brushes, and note if
the brush tension is satisfactory.

5. Check all the terminal connections
of the motor and switchgear.

6. Note that the motor starter-arm
is in the “ off "’ position and the overload
release armature is working freely. Set
the scale for the overload current to the
proper value.

7. Fuse the main fuse holders with
light current fuses.

8. Test the insulation resistance of the
circuit. The motor may now be safely
started wup, and should any fault
occur, the light fuse will melt before any
damage is done.

ELECTROMAGNETIC VIBRATING SCREENS FOR A.C.SUPPLY

The demand for a vibratory screen that
can be plugged into any alternating current
supply and requires minimum attention
during operation can now be met by the
new A.C. Sherwen screen, developed by
the G.E.C. The vibrations are obtained
by the use of a Westinghouse half-wave
metal rectifier connected in series with the
vibrator coils. The cyle of operations
begins with the rectified half-wave from

the rectifier passing to the vibrator coils
and drawing forward the armature, which
is connected to the screen frame. During
the other half-wave of the A.C. cycle, the
current is prevented from passing to the
coils, thus enabling the springs supporting
the armature and live screen frame to
accomplish the return stroke. A 50-cycle
A.C. supply transmits to the live screen
frame a vibration of 3,000 cycles per min.
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during projection. This system is obso-
lete except for substandard (16-millimetre)
fiim used in *“ home " projectors.

Description of a Typical Sound Projector.

A typical small and reasonably priced,
but very efficient, sound film projector
for standard size (35-millimetre) film is
shown on page 269. It will be seen to be a
modern type of machine with the practi-
cally universal Maltese cross intermittent
movement for shifting the picture in the
gate, frame by frame.

The Scund Head.

At the lower part of the mechanism is
its cylindrical-shaped *‘ sound head ”
which the film is led after the gate has
been entered and left. The sound head
contains a G.E.C. photo-electric cell en-
closed in a light-tight casing. In this
casing there is a small aperture so posi-
tioned that the sound record on the film-
strip passes directly over it in the course
of its travel.

 HEAYY CHOKE

The remainder of the sound system
consists of a second casing having inside
it a 10-volt, Io-amp. straight filament
energising lamp with a condenser to
concentrate an image of the filament
upon a minute slit, less than one-
thousandth of an inch in width, and an
objective which focuses the image of the
slit upon the film’s sound record. Thus,
every alteration of light-transmitting value
on the film strip’s sound record becomes
translated into an alteration of the amount
of light impinging upon the sensitive
cathode of the photo-electric cell. In its
turn  this causes a variable electron
emission within the cell, which, in a modern
gas-filled photo-cell may be of the neigh-
bourhood of 20 to 25 micro-amperes per
lumen. To make it active the cell has
to have an applied voltage of something
over 100.

The Multi-Stage Amplifier.
The remainder of the sound system,
which may, or may not, be directly
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Now Test Non-Sync. Circuit.

When the hum dies down, and with the
fader knob set for half power, first switch
on the non-sync. circuit and gently stroke
the point of the gramophone needle ; there
should be a sound as of artillery from
speaker and monitor.

Are the Speakers Energised ?

Next switch off the non-sync. and
switch on the sound head, wait for a
few seconds and flick the corner of an
ordinary envelope up and down in the
minute light beam just in front of the
point where it enters the cell sound
housing, and there should be corresponding,
but much softer, clicks from the speakers,
showing them to be energised.

Now Turn On Projection Focus Lamp.

Now put the fader knob in neutral posi-
tion, turn on the projection focus lamp,
or, if using a mirror arc, strike it, burn a
nice crater and centre the mirror so
that a clear white circle of light about the
size of a penny just overlaps the pro-
jector gate aperture. With the projector
unthreaded and with hand and automatic
cut-offs in the ““off ’ position, and the
blades of the rotary-cover shutter clear,
this should give a brightly and evenly
illuminated screen.

Thread the Film and Fade in the Sound.
Drop the shutters, thread the film,
remembering that there must be an
interval of 144 in. between the film picture
on the projector gate and the point where
the film strip passes over the light beam in
the sound system before the photo-cell
housing. As soon as the picture is seen
on the screen, fade in the sound, enough,
but not more than is sufficient. Most
inexperienced sound operators put the
fader up too loud, so spoiling quality of
reproduction, as well as deafening the
audience. Obviously, the above is but a
skeleton idea of sound picture operation,
yet it may help the man who installed the
projector to be helpful in emergency.

Arrangement of Projector and Screen.
One way is to use a semi-transparent
screen of varnished (or, at a pinch, merely
wetted) linen or cotton fabric, place the
projector and speaker on one side of it
and the audience on the other. The second

Is to have the operating box and projector
at one end of the hall, the screen and
speaker at_the cther, and seat the audience
between the two. This second way is
strongly recommended, except for halls
very long and narrow.

Screen Material for ‘ Front Throw.”’
Two kinds of special *“ sound screen ”
material are made for this. One is thin
rubber cloth perforated with minute holes
to let the sound waves from the speaker
traverseit. Another is an oren mesh linen
material. For all practical purposes,
heavy twill or ordinary sheeting will serve,
though the light loss is greater. The
speaker goes behind the screen, clear of
the light beam. Most efficient of all, for
projection purposes, is to use a totally
opaque screen, such as a plaster wall, or
stretched white distempered hessian, using
two parallel connected loudspeakers, one
placed on either side of the screen, at
about two-thirds of the picture height.

Picture Size and Throw.

Within wide limits a picture of any
desired diameter can be given at any
desired throw (interval between screen and
projector lens) by choosing a lens of the
right focal length. Any maker of cine-
matograph projection lenses will supply,
free of charge, a table called a projection
chart, giving all necessary figures for
making one’s choice of the right focal
length of lens. As an approximate guide,
a 4-in. projection lens will give a picture
just over 4 ft. in diameter with an interval,
or “throw,” of 20 ft. between projector
and screen. A 2-in. lens will give a picture
of double this size at the same throw.
Conversely, an 8-in. lens will give one
half the size. Doubling the throw, or
projection interval between lens and screen,
will double the size of all pictures.

An Important Warning.

Above all things, bear in mind that a
standard size projector arranged without
the fire safeguards prescribed under the
Cinematograph Act Regulations, must
positively not be used to show any but
strictly non-flam film. Be sure to make
this fact clear tn writing on any estimate
or quotation that may be put in for an
installation,
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How TO CONNECT METERS ON A.C,

By J. V. BrirraiN, B.Sc.(Eng), AM.[.Mech.E., AM.LE.E.

HEN installing a motor or other

‘/ ‘/ piece of electrical apparatus it

is often advisable to put in an
ammeter in order to indicate at any
particular time what current the machine
is taking. This current will give a good
indication of the actual load on the motor,
and if necessary the ammeter can have its
scale marked in H.P. so that the output
of the motor can be read off directly in
terms of H.P. By this means the machine
operator will know how his machine is
working.

Also in some cases a voltmeter should
be put in to see what pressure is being
delivered to the motor, and it will also
show whether the load is pulling down the
voltage due to wvolt drop and thus
“ starving » the motor.

The following diagrams will show how
these meters are connected to the mains
and also what extra arrangements are
necessary in the case of large currents and
high pressures. The simple connections
for an ammeter and a voltmeter are shown
in Fig. 1, which represents a D.C. or
single-phase A.C. supply. It should be
noticed that the current is actually taken
through the meter for the ammeter, but in
the case of the voltmeter the meter is
connected across the mains. This is of
course very simple, but there have been
cases where an ammeter has been con-
nected across the mains with disastrous

results.

, & &
7

Sugply [ /s

Fig. 1.—How AN AMMETER (A) AND A VoOLT-
METER (V) ARE CONNECTED.

FOR THREE-PHASE.

For a three-phase motor it is usually
only necessary to measure the current in
one line and the pressure or voltage across
any two of the lines. This is shown in
Fig. 2 in which the current is measured in
line L, and the pressure across lines L,
and L, It does not matter however
which of the lines are taken for these
connections.

Connecting the Voltmeter.

For an actual example the connections
for an ammeter and a voltmeter for a
400-volt three-phase motor are given in
Fig. 3. It is assumed that a main control
switch will be used and this is shown as a
three-pole switch and fuse. The connections
for the voltmeter are taken from the
delivery terminals of this switch-fuse, and
it should be noted that in the connection
to the voltmeter there is a small fuse.
The reason for this is that the wiring to the
voltmeter will be of small section cable
as the meter will only take a fraction of
an ampere. The fuses in the switch-fuse
will however carry a comparatively large
current without ““ blowing,” and thus the
wiring to the voltmeter might be
dangerously overloaded in the event of any
kind of short circuit in the voltmeter
circuit. The voltmeter fuse (VMF) pre-
vents the current rising above a very low
figure according to the size of the volt-

meter.
7o
R @ &
)
~
So2 [
VJCL‘B

Fig. 2.—DIAGRAM SHOWING CONNECTIONS
FOR THREE-PHASE,
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Supply

Main
Contro/
Switch

VM.F=Voltmeter Fuse

7o Motor
or Startor

Fig. 3 —ActuaL CONNECTIONS FOR VOLT-
METER AND AMMETER ON A 400-VOLT, THREE-
PHASE MOTOR OF FROM I TO I0O H.P.

Ammeter Connections.

For the ammeter a lead is taken direct
from one of the switch terminals to the
meter and then the lead to the motor is
taken from the other terminal of the meter.
These connections will however be quite
clear from the diagram. If it is necessary
to install an ammeter in an existing circuit
this can be done quite easily by removing
one of the leads from the main switch and
connecting this up again through the
meter, as in Fig. 3. This is sometimes
done temporarily in order to check the
current taken by a motor and, as will be
seen, does not involve any complicated
wiring. Many of the troubles experienced
with motors would be avoided if an
ammeter had been in the circuit, as it will,
in most cases, give an indication that
everything is not in order. Any sudden
increase in current should be looked into
unless there is some definite reason for it.

As stated, the connections shown so far
are for ordinary voltages of 400 volts or
thereabouts and for currents which can
safely be taken through an ammeter.
For larger values we have to use (in the
case of an ammeter) a shunt or (in the case
of a voltmeter) a series resistance. By
using these only a fraction of the current

or the voltage is actually put into the
meter. In the smaller sizes these resist-
ances are placed inside the meter case and
we do not have to take them into account.
As we get to the larger range instruments
these resistances have to be placed outside
the meters on account of size and heat
generated. The connections in this case
are shown, in Fig. 4, which should be quite
clear without any further explanation. In
this diagram ES represents the external
shunt for the ammeter and ER the
external series resistance for the wvolt-
meter.

Connections when Instrument Trans-
formers are Used.

For very high voltages and currents it
will be understood that it would be impos-
sible to take direct connections to the
meters themselves as they are not designed
to withstand voltages of say 6,000 or
I1,000 volts. In all cases on EH.T.
systems instrument transformers are used
to convert the large currents or pressures to
values which can be taken direct to the
meters.

The general principles will be seen from
Fig. 5 (a), which gives the usual theoretical
diagram of a current transformer, but the
operation will be better understood from
Fig. 5 (B). This sketch shows how the
actual line current is taken round the
primary winding of the transformer.
The secondary winding is connected direct
to the ammeter and there is thus no direct
electrical connection between the line and
the ammeter. The transformer will be
wound so that the current in the secondary
winding is some definite fraction of that in

Fig. 4—DIAGRAM SHOWING USE OF EXTERNAL

SHUNT (ES) AND EXTERNAL RESISTANCE (ER)

WHERE THESE ARE T0O LARGE TO BE INCLUDED
IN THE METER ITSELF.
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/ron Core

Primary
Winding

J—
Line

Figs. 58 and 58B.—How A CURRENT TRANSFORMER IS

CONNECTED.

I, .
- is the current in the meter where »# = ratio of trans-

former.

the primary winding, as indicated in the
diagrams. By this means, using a 100 to 1
transformer, a meter carrying 5 amps. to
give full scale reading can be used to
measure currents up to I00 X 5 = 500
amps.

If, then, a current transformer is used,
the actual line connections are taken to
the primary winding of the transformer.
The terminals of the primary winding will,
on account of the heavy current they
carry, be very large, while the secondary
terminals which have only to carry a few
amperes will be very small. For a current
transformer the primary winding consists
of a few turns of heavy section, while the
secondary will have a larger number of
turns of finer wire. The reason for this is
that in any transformer the ratio of the
currents is the inverse to the ratio of the
number of turns on the primary and
secondary. For very heavy currents such
as those which have to be measured in a
large power station the current trans-

7o
Load

Fig. 7.—CONNECTIONS ON THREE-PHASE FOR
MzeTERS USING INSTRUMENT TRANSFORMERS.

CT = current transformer ; DT = potential
transformer,

Secondary
Winding

formers are merely a number of
turns of wire wound round one of
the actual busbar connections.
They are of course suitably
insulated.

Use of the Potential Transformer,

A similar arrangement .is used
for the voltmeter circuit which
employs a polential iransformer.
The diagram for this transformer
is shown in Fig. 6 and the
connections should be compared
with those of a current trans-
former as shown in Fig. 5 (a).
For a voltmeter the transformer
reduces the voltage from that of
the line to a value which can be taken direct
to the meter. Thus on a 6,600-volt
system the pres-
sure would be
transformed to 110
volts, which means
that the ratio of 0 O

transformation
0Q0QQ

must be 6,600 to

110 or 60 to I.
The primary of

a potential trans- Line [
formeris connected z
across two of the
lines, as shown in
Fig. 6, while the
secondary is taken
direct to the meter.

Fig. 6.—How A POTEN-

TIAL TRANSFORMER IS

Usep 710 CONNECT A

VOLTMETER ON AN
E H.T, SYSTEM.

n = ratio of trans-
The primary former.
winding will consist
of a large number
of turns of fine wire, while the
secondary winding will have only
a few turns, since the voltage is

directly proportional to the number of
turns.

It will be understood that the actual
construction of a potential transformer is
entirely different from that of a current
transformer and that they cannot be
interchanged.

The actual connections for a three-
phase circuit employing both transformers
are drawn out in Fig. #. This shows how
the meters are connected with reference
to the three lines and will be self-
explanatory.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to * The Practical Electrical Engineer,” 8-11, Southampton Street, Strand, W.C. 2.

Envelopes to be marked ° Problem > in the top left-hand corner.

Replies to questions

are also invited and all replies published will te paid for at our usual rates

THIS MONTH’S NEW QUESTIONS AND LETTERS

The Metadyne.

Could you give me an explanation of the
working, and outline the principles, of the
Metadyne, a species of D.C. transformer ?

F. C. (Rugby).

We have made inquiries about the Meta-
dyne, and we learn that itis atype of D.C.
generator with an additional pair of
brushes arranged approximately at right
angles to the main brushes. Electrical
energy is delivered from the secondary
brushes at approximately constant cur-
rent and varying voltage.

This is, of course, only the barest outline
of the idea. An article dealing thoroughly
with the Metadyne will be published
later.—ED.

Adding a Screened-grid Valve to a Two-
valve Set.

What is the best way to add a screened
grid valve {0 a two-valve transportable set
(detector-pentode) 2 I enclose a  sketch
of the circuit incorporated in the set, I
should like to be able to add this valve with-
out any alteration to the circuit as it is now
if possible, as the set works very well, in
Jact, better than some three or four valve sets.
The high tension supply for the set is

fed from an climinator; low temsion
H T+120-75C
%’J’ ———L il
Hoe
¥ HI50
§

T e
T ot %‘?’%% Tt
S .

L%i ‘L | —

Jrom a 2-volt accumulator. I should also
like fo know the most suitable voltages to
apply to this screened-grid valve.

W. Harr (N.W. 1).

Current Limiting Resistance.

I should be much obliged if you would
answer the following query. The ampli-
fying system of a public address travelling
van relied on a motor-generator set for its
operation. The motor had lo operaie with
a P.D. of 25 volts D.C., and when run up
to speed took 12 amperes.

As the pressure at our terminals was
210 volts D.C., what should have been the
resistance, and what should have been the
size of the wire to prevent any Serious over-
heating due to the current of 12 amperes’—

J R.L.W.

A South Australian Reader’s Opinion of the
Magazine and of British Electrical
Goods.

I think that your magazine is the best on
electrical work in the world. In an out-
of-the-way place like South Australia we
do not get much of a chance of secing any-
thing very mnew.

My work is in commection with the
lramway system here.

Our one boast in Adelaide is that we
have the fastest trolley cars in the Southern
Hemisphere. These are afine picce of work,
having vemote control and interlocked doors.
The bodywork, etc., was made tn Australia,
but the trucks, motors and controllers were,
I believe, imported from the U.S.A., I
am sorry lo say. I caw't understand
why this should be so, seeing that one
or two of the big electrical manifacturers
in  Great  Britain wmake such  fine
equipment. I am afraid if I was
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wm charge I would always belicve in Be
British and Buy British, and I would not
constder anyihing else.

I have an 8-in. lathe, and I iried my
hand at wmaking the § h.p. wmotor, par-
ticulars of which were given in  your
September number. It was such a success

that I have ordcrs for four morve. This
type of motor is fawrly expensive out
here, so I am making a profitable pastime of it.
I was wondering if similar details could
be obtained for a % and L h.p. motors, as
these ave tn great demand.
A. J. Haxcock (S. Australia).

REPLIES TO PREVIOUS QUESTIONS.

Lifting Magnets.

With wreference to the vecent article
“ Lifting Magnets” there are a number of
detarls on which I should appreciate a little
Jurther informalion.

What is the value of “ B wusually
attained and the pull per squarve inch ?

The lifis for scraps seem to be very low,
and that the maierial is highly magnetic, and
the lift is aided by induction from pieces
alveady picked up by the magnet. Ave
these figures corvect 7 K.T.(Erdington).

The value of “ B” will vary according
to the steel used for the cores. The usual
value is taken from the B/H curve of the
steel at a point just on the knee of the
curve. The value would be round about
100,000 lines per square inch.

The lifting figures are correct and are
those from which the magnets are sold;
the actual lifts are a little higher. The
pull given by a magnet varies as B2
and consequently the flux that will pass
through a piece of turning is very small,
as its section is also small, consequently
the pull is small. The greatest trouble,
however, is due to the fact that these
turnings cling so together, and while the
magnet grabs a lot they are so entwined
that sheer weight drags a lot off again.

H. H.
The Rapid Cable Calculator.

I was greatlv intevested n the airticle
published in the Jume 1issue, entitled
“A Rapid Cable Calculator.” I should
thevefore wvery much appreciate 1t if you
could explain the theory upon which the
sliding scales are calibrated.

M J S (WCi).

The scales of the Rapid Cable Calculator
described in the June issue are constructed
on a logarithmic basis. The user of the
slide rule knows that multiplication of
two numbers is effected by addition of
their logarithms,

Dealing with the uprer scale first, if
the voltage drop with a given cable of
specified length and cross sectional area
and carrying a certain current is known
from Ohm'’s law any alteration in any
one of these factors will proportionately
alter the volt drop.

For example if the current is doubled,
then the volt drop will be doubled and
can be found at a point along the scale
twice the log of the first volt drop.

Similarly with the second scale the
length of line to give a certain volt drop
with specified current can be doubled if
the cross sectional area is also doubled.
Here again the required cable section
will be found at a point twice the log of
the previous sectional area.

The location of the scales of the cal-
culator under consideration was fixed by
trial and error. After the scales were
made up a number of calculations were
made and the scales fixed in their appro-
priate positions according to the results of
the examples. H. E. HuTTER.

Using a Motor Generating Set for Welding.
I have a motor gewnerating set, the par-
ticulars of which are :—

Motor, Generator.
G.E.C., No. 21,415. G.E.C.,No. 21,414.
HP, -5 Volts, 60.

Volts, 460. Output, 3.9 KW,
Revs., 1,400. Revs., 1,400
Shunt wound. Compound wound.

No interpoles.

I want lo use same for electric welding.
Could you possibly give me particulars as to
what I should do regarding same ? I want



280

THE PRACTICAL ELECTRICAL ENGINEER

February

a load of 8o amps. Please give the wiring
diagram, the correct vesistances and S.W.G.
of same, as I want o make my own.

E. C. (Eccleston).

The generator mentioned above is
rather on the small side for arc \welding,
but might be suitable for using 12 gauge
and possibly 10 gauge electrodes. In
order to do any practical work a variable
resistance would be required which should
be of the following wvalues:

Resistance for 6o volts Constant.
Assume arc volts = 25.
Drop on regulator = 35 V.

Welding Current Resistance.
Stop No. Amps. Ohms.

1 23 I°5

2 30 1-16

3 40 0-88

4 50 07

5 65 054

6 8o 044

Resistances for welding can be either of
the series or parallel type. The latter is
more efficient for its weight since the whole
of the resistance element is in use when
carrying the maximum current. The
illustrations below show the two types. It
may be mentioned that it will probably be
easier to make a series regulator as this
will not entail any special switchgear.
The simplest form would be to use cast
iron grid resistances, which could be ob-
tained from the Quasi-Arc Co., Ltd,
15, Grosvenor Gardens, London, SW.1.
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A Question About Power Factors.

On an A. C. system 3,300v. 3 ph. 50 cycles,
there 1is comnected one 70-h.p. induction
motor, v.p.m. 720, divect coupled to a D.C.
gemerator, 110 v. 45 RW. Also a irans-
former EVA. 100, p.v. 3,200/6,400, s.v.
400 50 cycles.  Across the induction motor
15 conmected a condenser 35 kVA. 3,300 v.

How can I obtain the separate power
factors of the motor and the transformer?
Also if I put a condenser across the
secondary terminals of the transformer,
what effect will it have on the motor when it
is running light load?

H. TARRANT.

With a motor of the power mentioned in
the above query the figures given below
may be taken as fairly representative of
its performance under load conditions.

Effi- kW. Current | Wattless
Load. | ciency} Cos.¢ kVA. Input. | Amps. kVA,
1 929, | 0.861ag| 60.6 52.2 10.6 31
% 889, | 0.83 ,, 47.2 39.2 8.27 26.3
E184% [078 ,, 1 33.5 26.1 5.86 21
% 70% 0.6 ,, 29.2 13.05 | 5.1 23.4

With a 35 kVA. condenser in parallel,

the resultant motor condenser load will

be as follows :—

1 352.4 KkVA. Cos ¢ = 0.995 leading

£ 39.7 o, » = 0.986 ,,
29 s .. .. .. 5y = 0.9 vy

i 6.5 . =079

It will be seen that by adding the
condenser the kVA. input is reduced and
the power factor is leading instead of
lagging. Assuming that the 100 kVA.
transformer is efficient and supplying
an average inductive load on the secon-
dary side the power factor of the system
as a whole should not tend to be much
lower than about 0.9 lagging when the
transformer is on half load. This is due
to the corrective effect of the combined
motor and condenser load at a leading
power factor being in parallel with the
transformer.

The effect of connecting a condsnser
across the secondary of the transformer
will correct any wattless current taken
from the transformer, and will have no
effect on the motor. It would, however,
improve the system power factor, but
hardly seems necessary. A S W.
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It is gratifying to record that since the looked. Although an increased output

publication of our last issue containing the always helps a generating station to
article dealing with the fine results achieved improve 1ts costs, it still remains a fact
by Mr. A. E. McKenzie at Wimbledon we that in some of these very old stations,
have received many letters from Chief En- where the coal consumption was very
gineers all over the country expressing their high, the actual coal cost was a great
admiration for this fine achievement. A most deal more than a halfpenny per unit and
interesting point has been raised by Mr. H. could mnot have been reduced. Under
Wilson, whose letter appears under the these circumstances, of course, it would
heading ** Correspondence ” on page 288. have been impossible to sell any portion
Another very interesting communication was of the current at a halfpenny per unit or
received from the engineer of a very large less.

power supply company, and from this we Please do not think I am in any way

give below an extract :— depreciating the results at Wimbledon, but
I think all practical supply engineers I think you will find, on looking into it,

have a great admiration for the work which that the remodelling of the generating
has been done here, but there is just one station had a very marked eftect.
little point which I think is sometimes In a few words our correspondent has

overlooked in connection with Wimbledon summarised one of the main reasons why
and that is this—that they had, for many the National Grid was brought into being.
years, been labouring with an extraor- Under the Grid Scheme inefficient stations
dinarily bad generating station and this, are being, and will be, closed down so that in
to my mind, had a very great etfect on time it should be a practicable proposition
the earlier results. This was recognised to supply electrical energy at economic rates
by the Wimbledon Council and they got all over the country, providing that the
Messrs. Sparks and Partners to go into requisite number of new consumers can be
the whole position of the power station obtained within a reasonable period of ti.ne.
for them, with the result that they put
in modern and up-to-date plant and with, The New Television.
consequently, a very great improvement For the last six or seven years we have been
in the operating results. Mr. McKenzie frequently informed by articles appearing in
was, I believe, associated with this work the newspapers that television is on the eve
and went straight from Messrs. Sparks of becoming a commercial proposition.
and Partners to take over Wimbledon, In a paper read before the Institution of
with the results which we know. Electrical Engineers on February 7th,
It would not have been possible to sell Messrs. L., H. Bedford, M.A., and O. S.
cheap units, in my opinion, from the old Puckle, AM.I.LE.E,, gave details of a system
generating plant and I think this is a which we believe offers better promise of
practical' point which should not be over- success than any system which has hitherto
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been put forward. This system operates
on what is called the velocity modulation
principle. At present it has only been
developed for wuse in transmitting films.
The broad principle 1s as follows :—

At the transmitting end a beam from a
cathode ray oscillograph passes through a
lens and is brought to a focus on a strip of
cinematograph film which is kept moving
past the lens at a constant speed of 23
pictures a second. One pair of the control
plates m the cathode ray gun cause the ray
to sweep out a horizontal line. The light
transmitted through the film falls on to a
photo-cell and the output from the photo-
cell is used to control the speed at which the
cathode ray is moving ; thus when the ray
encounters a dark portion in the film 1t 1s
speeded up and when it comes to a trans-
parent portion of the film it slows down.
Instead of sweeping out a horizontal line
ot uniform brightness, the spot sweeps out a
line which is sometimes bright and some-
times dark, the dark portions where the spot
1s moving very rapidly corresponding to the
dark parts of the film. At the end of each
horizontal line the spot flies back at an enor-
mously high speed ready for the second
scanning line. Now the second pair of
control plates give it a slight shift downwards
and another band 1s explored or scanned
by the next horizontal sweep of the cathode
ray. In this way the whole of one picture
is scanned by the cathode ray in a fraction
ot a second, and the following curious eftect
is obtained :—

A copy of the picture which is being
scanned appears on the screen of the cathode
ray tube. It can be seen that by suitably
tying the control plates of a similar receiving
oscillograph in parallel with the control
plates ot the transmitting oscillograph the
same image will appear on the screen of the
receiving oscillograph.

The film which is being scanned is moving
continuously and to compensate for this a
saw-tooth motion is imparted to the scanning
beam. This superimposed motion is not
transmitted to the receiving cathode ray
tube, so that on the screen of the latter we
see a succession of still pictures corresponding
to successive frames in the original film.

This, in very broad outline, is the principle
of the new system, and we have reason for
saving that the results achieved are very
good indeed.

The authors of the paper acknowledge
their indebtedness to Mr. W, R. Bullimore,
managing director of Messrs. A. C. Cossor,
Ltd., who sanctioned both the experimental
work and the publication of the paper. We

congratulate the authors on a brilliant
achievement.

LLE.E. London Students Section.

We have just received a copy of the second
half of the programme for the session 1933-3..
Many interesting visits have been arranged,
and we notice that meetings for discussing
such subjects as selection and layout of
electric welding plant, March 6th; power
signalling, April 6th; train lighting, April
27th, are included in the programme. An
address by the President, Mr. P. V. Hunter,
C.B.E, will be given at the meeting arranged
for March 23rd.

Interested readers are invited to get in
touch with the Honorary Secretary, Mr.
E. L. Heftermann, Launceston, Heath Drive,
Potters Bar, Middlesex. :

Works Tour for Readers.

Since publication, on pages 242-250 in
our February issue, of the article by Mr.
Winton Thorpe on circuit testing, Messrs.
Evershed and Vignoles, of Acton Lane Works,
London, W.4, inform us that they have had
many enquiries from our readers about their
new Megger circuit tester. Would readers
requiring further information write to the
firm asking for pamphlet G.N.033.

A visit to the works of this well-known
firm of electrical instrument manufacturers
has been arranged for the morning ot
Saturday, March 24th, in conjunction with
THE PracticaL ELECTRICAL ENGINEER.

Tickets are limited in number and early
application on a postcard is advised. Please
address your card to : The Editor, PracTicaL
ELEcTRICAL ENGINEER, $-11, Southampton
Street, London, W.C.2, and mark it ** Works
Visit.”” The visit will provide opportunity
to see the production of all kinds of electrical
indicating and recording instruments used
in power station practice and elsewhere.

Architects and Electrical Engineers.

The second of a series of conferences for
architects arranged by the E.L.M A, Lighting
Service Bureau was held on January 3ist,
when the subject of church lighting was
dealt with in a paper by Mr. H. C. Wheat.
AM.IEE. Both the paper and the dis-
cussion which it aroused brought out mwany
points of great interest to electrical engineers.

Copies of this paper and also of the paper
read at the first conference by Mr., W. J.
Jones, M.Sc., M.I.LE.E., on “ Lighting Prin-
ciples and Economics,”” can be obtained by
interested readers who apply to the Lighting
Service Bureau, 2, Savoy Hill, W.C.z,
mentioning THE PracTicaL ELECTRICAL
ENGINEER.
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examined and overhauled at yearly inter-
vals, but those in very important circuits
should be inspected more frequently.

The following paragraphs detail the
points to which particular attention should
be given.

Inspection of Mechanical Parts—Closing
Toggle.

First of all inspect and lubricate with
fine oil the wvarious articulated joints
between the links of the closing toggle, and
all bearings. The oil should be inserted in
the oil-holes provided, but first of all take
care to remove all dirt and dust which
might have collected round the holes, thus
preventing ingress of the oil. If the dirt is
not removed, grit may be carried on to the
bearings.

All surplus oil should be wiped away,
and care taken not to lubricate the brass
toggle and steel roller engaging the loose-
handle mechanism with the circuit-breaker
plunger-bar.

Where the circuit-breakers are solenoid-
operated, the solenoid plunger should be
kept well greased, especially when it is in
frequent use.

Operating switches of remote-controlled
circuit-breakers should be kept quite clean
to ensure satisfactory operation.

Tripping Mechanism.

The tripping mechanism requires lubri-
cation in the same way as the apparatus
referred to above,

Take care to ensure that the plungers
and plunger-tubes of the over-current and
under-voltage (if any) tripping mechanisms
are free to slide. If necessary clean out.
These plungers actuate a tripping-lever,
and this also should be inspected to ensure
that it moves freely, and its bearings
should be lubricated.

Guide-Rods and Slides.

The brass spindles of the rods and slides
for the automatic locking-off doors cover-
ing the bus-bar chamber orifices and the
current-transformer-chamber orifices must
be kept clean and greased. If the turning
screws and cheese head screws in the ends
of the spindles have worked loose they
should be tightened, and if they are stiff
when they pass through the brass turning

pieces at the extreme ends of the spindles’
they should first of all be freed with
paraffin and then lubricated.

Racking Mechanism,

Here again, the mechanism requires
lubrication, although it is only occasionally
that oil need be applied to the bearings of
the racking spindle.

Itissometimesnecessary through variovs
causes to remove the circuit-breaker from
the standards. When this is being re-
placed, the engineer should take care before
attempting to rack the circuit-breaker
along to ensure that the right-hand ard
left-hand pinion wheels engage with corres-
ponding teeth of their respective racks.

Contacts.

It is very important that the contacts
of the circuit-breaker should be carefully
inspected and cleaned, and that the
brushes should be checked to ensure that
they are in correct alignment and making
good contact over the whole of their face
surface. In order to find out if good
contact is being made, feeler gauges should
be used.

The main contacts should be particularly
examined on each occasion after a circuit-
breaker has opened under short circuit
conditions, no matter what the nature cf
the fault. Also, the insulators and auxiliary
arcing contacts should be cleared, the
latter replaced if necessary.

When the multiple finger contacts a'e
fitted to a circuit-breaker which is subject
to frequent oreration, the screws holding
the fingers to the coprer blocks should te
examined to ensure that they are tight.
The steel finger springs should be parallel,
so that each contact is quite clear of those
on either side of it.

When it is necessary to make an adjust-
ment, the required clearance may be
conveniently obtained by placing a sheet
of tin between adjacent contacts while
tightening up the screws. With the
circuit-breaker oren, each contact should
have some freedom of movement in every
direction, and when the breaker is closed,
pressure should only be ajplied to the
contacts centrally by means of the rounded
bulges on the steel springs.
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A., Ammeter ; A.S,, Ammeter switch ; B.BI., Busbar indicator ; B.B.I.S., Busbar indicator switch ;. B.B.R., Automatic voltage regulator ;
C., Contactor for C.C.; C.C,, Closing coil ; C.O S, Changeover switch for regulator ; E.A., Exciter armaturc; E.B, Earth bar; E.F., Exciter
field ; E F.R, Exciter field rheostat; E.F.S., Exciter field switch; E 1., Earthing indicator ; E.P.S., Emergency push switch; E.R., Earthing
resistance ; E.R.T., Engine room telegraph ; G, Generator ; G A, Governor armature ; G.C.S., Governor control switch ; G.F., Governor field;
H.T.P.F, High tension potential fuse ; I C., Isolating contacts; I C T., Instrument current transformers ; 1.1, Isolating indicator ; I.W., Indica-
ting wattmeter ; M C.S., Main control switch ; M.F., Main field ; M.F.A., Main ficld ammeter; M.F.A.S., Main ficld ammeter shunt ; M.F.C.B,
Main field circuit-breaker; M.F.C BI, Main field circuit-breaker indicator; N.E.C.S., Neutral earthing control switch; N.E.I., Neutral
earthing indicator; N.E S., Neutral earthing switch; O S., Oil switch; 0.S.I., Oil switch indicator ;: O.S.I.L., Oil switch indicating lamps ;
P.F.I., Power factor indicator ; P.S.T",, Potential secondary fuses ; P.T., Potential transformer ; R.C.T., Regulator current transformer; R.T.A.,
Rotor temperature alarm ; S.B., Synchronising base; S BCT., Scli-balance current transformer ; S.B.R., Self-balance relav; S.S., Synchro-
nising switch; ST A., Stator temp alarm; T.B, Termunal board ; T.C.,, Trip coil; T.T., Testing terminals for watt-hour meter V., Voltmeter;
W.H.M., Watt-hour meter; A S 1., Auxiliary switches for indicating.
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supply in order to prevent inadvertent
tripping when switching in,

This is provided for by ensuring that
contact is made on the feeder side of the
circuit-breaker earlier than on the bus-bar
side, and for this purpose the arcing con-
tacts on the feeder side have considerably
more lead than those on the bus-bar side.
There is thus only the remotest possibility
of inadvertent tripping, but it is well to
verify the correctness of the setting during
inspection.

Other Details to Watch.

Space does not permit a detailed descrip-
tion of all the mechanical points to which
attention should be given.

Before going on to the electrical details,
however, we would mention that such
components as the brushes or contact arms
on the rlunger bar should be examined for
firmness ; the nuts holding the tank to the
top plate should be tightened ; the plug
contacts should be cleaned and smeared
with vaseline before the circuit-breaker is
racked back to the bus-bars; the orifice
insulators should be examined and careful
attention paid to the closing of orifices ;
the locking pins that fix the “in” and
“out” positions of the circuit-breaker
should be cleaned and lubricated and
worked in and out several times ; and the
auxiliary switches should be examined to
make sure that they are in order.

We now go on to the electrical details.

ELECTRICAL DETAILS.
Oil in Circuit-breaker and Voltage Trans-
former Tanks.

Circuit-breakers on heavy duty, opening
uider load conditions fairly frequently,
should have the oil renewed about every 12
months. Circuit-breakers in substations,
however, where they aie seldom opened
01 load, and rarely called upon to break a
short-circuit will give satisfactory operation
if the oilis allowed to remain unchanged for
two years or more. It will thus be seen
that the frequency with which the oil is
1enewed depends to a great extent upon
the service a circuit-breaker is called upon
to perform,

Suitable oil-testing apparatus such as a
Dielectrimeter can be obtained for deter-
mining whether the oil should be changed.

The results obtained during the test should
be in accordance with the requirements of
the latest edition of British Standaid
Specification No. 148, for ““ Insulating Oils
for Electrical Purposes (excluding Cables).”

In carrying out a test on the oil, remove
some of the oil from the tank and place in a
glass vessel. If the oil is found to be thick
and turbid because of sludging, the tank
should be emptied and cleaned out, and
refilled with fresh oil.  The oil should te
changed also if it is found that there is
water in it, or if it is below standard in
dielectric strength. When tanks aie being
cleaned, rags of hard fium {fabric (not
fluffy) should be used. Never use cotton
waste.

Care should be taken to maintain the
oil in the circuit-breaker tanks at the
correct level, and it is very important that
it should be inspected on each occasion after
the circuit-breaker has opened under fault
conditions. This should be done because
after a heavy short-circuit the oil is likely
to be carbonised, and the particles floating
about may settle on the insulators with
the danger that they may line up and form
a path of comparatively low resistance
across the insulators. The oil should,
therefore, be cleaned or renewed after
each heavy short-circuit operation.

The level of the oil in the voltage-
transformer tanks should also be checked,
and the oil renewed if there are signs of
excessive sludging.

Care should also be taken thoroughly to
clean the surfaces of all insulators normally
under oil, particularly horizontal surfaces,
as the effective creepage distance of the
insulators is diminished due to the sludge
which is likely to accumulate in these
places

Check the Continuity of Tripping Circuits.

Routine testing to check the tripping
circuits of circuit-breakers should be
carried out frequently. In order to test
each tripping mechanism raise the
armature of each phase of each protective
relay on all the panels in rotation. With
the equipments being described, relays
are rrovided with a push-button device in
order to easily carry out this maintenance
operation.

When these routine tests are being
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carried out, the following details should
be noted :—

(a) The trip coil plunger must be
perfectly free.

(b) The auxiliary switches should be
clean and making good contact.

{¢) The relay contacts must definitelv
make contact when the armature is up,
and definitely break contact when the
armature is down.

(d) The roller on the circuit-breaker
must be perfectly free and must not be
Iubricated.

{¢) The tripping batteries must be free
from faults, and should be well charged
and tested.

(f) The secondary wiring must be free
from loose connections and other faults;
the insulation resistance should be tested
by means of a Megger insulation tester.

During these routine tests, see that the
relay mechanism is quite free. If there is
any sticking, remove the relay lid and
examine and clean the working parts. An
alarm bell should ring when the relay trips
the circuit-breaker.

Unless it is necessary to clean their
contact sutfaces, the relay contacts should
not be disturbed. The contact surfaces
may bz c'eaned by scraping them carefully
with the blade of a pocket-knife, or pre-
ferably with a magneto file. Take care not
to bend the strips that carry the contacts.

When testing the various relay circuits
for continuity, the panel should be made

dead and the circuit opened at one of the
terminals of each relay element. Then
apply an independent voltage across the
break made in the relay circuit, and raise
the voltage until operation takes place.
Where operating panels are provided with
indicators together with the relays, note
whether the indicators and relays operate
at the same time.

Test Fuses for Continuity.

Tests for continuity should be caxried
out on the high voltage transformer fuses
and on the low voltage time limit fuses.
Faulty operation of the protective gear
will perhaps result if there is bad contact
at the clips of the time limit fuses.

Indicating Lamps.

Make sure that the indicating lamrs are
in order ; during insyection each lamp on a
board should be made to light up in turn.

Under-voltage Releases.

The under-voltage release coils should
be tried to see that they trip the switch
smartly on a gradually lowering voltage,
and also to see that they reset themselves
correctly. Any failure to do so is probably
due to lack of attention to some mechanical
detail previously referred to.

In conclusion the author wishes to thank
Messrs. A. Reyrolle & Co., Ltd., for tke
information incorporated in this article,
and also for the illustrations.

CORRESPONDENCE

The Wimbledon Experiment.

I quite agree that the developments made
at  Wimbledon should be takem as an
example by manv other towns. The secret
of selling electricitv is not so much propa-
ganda work, but to nake it easy for the
cuslomer to use it. To do this you wmust
quote a low rumming cost, and you must
provide apparatus on hive. Given these fwo
things, electrvicity will sell itself without
expert salesmanship. I have only one word
of warning, and that is, where an under-
taking sells electricity for purposes other
than lLighting at a low running cost the time
1S fast approaching when the peak load on

such an underiaking will come in the morn-
tng instead of the evening, and the ** purposes
other than lighting” which have been
regarded as a sort of bye-product, and have
been velieved of all capital charges, will
divectlv influence the peakload and RW . charge
paid to the Central Electricity Board, and
it 1S just a question them whether these
purposes will be profitable to the sup;bly
people at kd. per unit.
1 should be pleased for you lo make cmy
use you like of these comments in your paper.
H. WiLson, M.I.E.E,,
Electrical Engineer to the Ashford
Urban District Council.
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TOOLS FOR ELECTRICAL INSTALLATION
WORK

By D. Winton Tuorpe, A M.LE.E.

POCKET knife, a screwdriver and
a pair of pliers are traditionally
considered to be the tool equip-

True, that the

A

ment of an electrician,
trade of elec-
trician so far as
repair work is
concerned is re-

markably  for-
tunate in the
fact that it is

possible for the
wireman to cope
with most of the
work which he
may be called
upon to deal
withwith the aid
of these three
essential imple-
ments. Theelec-
trician’s screw-
driver should be
long and thin,
his pliers should
preferably have
insulated hand-
les and haveside
cutters; his knife
should not have -
too sharp an
edge on it, or he
will find that where he intends to strip the
braiding he is cutting into the rubber, and
where he intends to strip the rubber he is
cutting into the copper conductors.

A Useful Wire Stripper.

There is on the market a wire stripper
(illustrated herewith) which is an instru-
ment designed, as its name suggests, for
stripping wire. It is made in the form of
a pair of pincers which grip the braiding
or the insulation, in a miniature vice.

It is not, however, with these three
essential implements that 1 propose to
deal, but rather with the tools that are
desirable in the interests of efficiency as
well as labour saving.

TuE ScrUiT WIRE STRIPPER.

CaBre CUTTING AND

Advantages of an Electric Hammer,

1 once calculated, for the purposes of a
contract on which I was engaged, that
whereas a man would take 12 minutes
to make a hole
in hollow tile
floor for the
passage of a con-
duit if he carried
out the work by
means of a hand
hammer and
jumper, it would
take him two
minutes with an
electric hammer
and jumper.
Now this partic-
ular jobrequired
6,000 such holes
to be cut; if I
can save 10 min-
utes of a man’s
time at xs. Tod.
an hour on each
hole I should
clearly be saving
about £go0. Since
the cost of an
electric hammer
of this sort was
£30, it was quite
obvious that the purchase of three such
tools would be paid for on this one job alone.

Surface wiring systems require com-
paratively few tools, but steel conduit
systems call for either the exercise of a
great deal of ingenuity or, alternatively,
for a certain number of tools for their
proper erection.

STRIPPING NIPPERS.

Tools for Cutting Steel Tubing.

Consider : we have a piece of steel
tubing 12 ft. in length, and we wish to
erect an 8-ft. length from a T to an
iron switchbox, and to carry the tube
round several corners on its way. First
of all we must cut the tube to length,
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Some UsErFUL Toors FOR HOLDING AND CUTTING CONDUIT.

(G.E.C.)

A, Portable tube vice ; B, Light tube vice ; C, Footprint tube vice ; D, Tube cutters

and for this purpose neither our pocket-
knife, our pliers nor our screwdriver is
of much use. Clearly we require either a
hacksaw, which needs no description, or a
wheel tube-cutter. The latter may be
bought for about 15s. upwards and the
mode of operation can be seen from the
illustration here.

Bench and Portable Tube Vices.

But before we can conveniently cut our
tube we must have a vice in which to
hold it, unless we wish to try the amusing,
but not very efficient, experiment of
cutting it across our knee. If we
have available a solid, well-anchored
bench we can buy an ordinary bench
vice, to be screwed or bolted to the
bench, and which
will cost about
12s. 6d. Butif the
work where we are
erecting our tube
is away from our
own shop or is in
some premises
where a bench is
quite out of the

CoMBINED PARALLEL AND TUBE VICE,

question—and this is likely to be the
case in most jobs—then we should
certainly consider the purchase of a
portable tube vice, which is illustrated
herewith. This should cost only something
over £2.

Putting a Thread on the Tubing.

We have then cut our tubing to the
required length, but we have still got to
put a thread on the end which we have cut,
so that it can be screwed into the iron box
of the switch. For this purpose we require
stocks and dies, which should cost about
10s. for the stocks and for each die
the figure varying perhaps from 35s. to
10s., according to the size of the dies
required.

Tap Wrenches.

While on the
subject of stocks,
although it does
not enter into the
particular problem
which we have in
mind at the
moment, there are
undoubtedly



March THE PRACTICAL ELECTRICAIL ENGINEER 291

STtocks AND DIEs

occasions where taps and tap wrenches are
desirable. We mayv be making up some
special fitting which requires an internal

thread cutin a hole;
if we are to consider
outselves well equip-
ped for emergencies
of this sort, we should
take steps to have in
our possession a tap-
ping outfit. In this
case atap wrench will
probably cost much
the same as the stocks
while the price of in-
dividual taps is con-
siderably  cheaper,
starting from a figure
as low as 2s. or
less.

With the aid of our
vice we have, there-
fore, put a thread on
the unthreaded end
of our cut conduit (it
should be noted that
screwed conduit is
usually supplied with
both ends of each
length—about 12 ft.
—screwed and one
end having on it
a socket).

To Remove Burrs
from the Inside
of the Tube.

At this juncture

TusE BURRING REA-

CoxpUIT BENDER (G E.C)
For bending conduit tubing up to 2 in out-
side diameter,

Bexcu Conbultr BENDER (G.E.C.)
For bending conduit tubing up to 1} 1n. out-
we have to be most side diameter.

TuBE BURRING REAa-
MERS FOR U'SE IN VICE

careful that there are no buirs on the
inside of the tube
(also, to be on the

which we have cut

safe side, at the end

which the manufac-
turershave cut before
delivering the tube to
us). For this purpose
werequire a tube rea-
mer, costing a few
shillings only, and
illustrated herewith,

Bending the Tube.
Now comes the
question of bending
the tube. We have
got to bend the tube
not into a rough and
ready curve, but into
an exact curve or set,
and possibly in two
or three places in its
run, so that it falls
back neatly against
the wall or ceiling.
Once again we can,
if we like, try setting
it across our kmnee,
If we are very strong
and don’t mind hav-

® ing a bruise on our

knee for a bit, this
can be accomplished
with the lighter forms
of tubing.

Ifan old hand were
to watch us doing
this he would un-
doubtedly give us a
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Tue Kanco EiecTrRIC HAMMER.

useful wrinkle to the effect that we should
get a small baulk of timber and drill
through it a hole at one end slightly
larger than the size of the tube which we
wish to bend. He would then show us
how we can push the tube through this
baulk of timber and, placing the other
end of the timber on the ground, get
sufficient leverage on the tube to make quite
a satisfactory bend.

Mechanical Bender.

There is no doubt that a really skilful
electrician, working with a hole in a bit
of wood, can make amazingly good and
effective bends in the tube. Indeed, it is
a system of bending used in a vast number
of jobs in progress. Itisnot afast method
of bending, though, and unless skilfully
done is not a particularly efficient method,
so that we ought seriously to consider
buying a mechanical bender. Now a
mechanical bender—a type of which is
illustrated herewith-—can cost us about
f6o—but it need not ; it can be purchased
for about £6 upwards.

I do not think that any description of the
mode of operation which I may make in
the text here can possibly help the reader
nearly so much as a glance at the illus-
tration, from which it can be quite easily
seen how the tube is clamped and brought
over a concave roller by means of another
concave roller of the same size, so that
during the actual process of bending the
tube itself, where it is being bent is held
in a former which will not permit the
tube to lose its cross-sectional shape:
Incidentally, however careful a man may
be when bending tubes through a hole
in a block of wood, there is bound to be a
slight, even if hardly perceptible, flattening

of the cross-section where he makes his
bend. This is clearly not making for
efficiency. A mechanical bender, how-
ever, produces a clean bend or set without
allowing the tube to lose its circular
cross-section.

Erecting the Tube in Position.

Well, we have made our bend and now
we have got to erect our tube into posttion.
We can’t tie it up with pieces of string,
so we have got to secure it to the wall in
some manner ; the way in which this is
done is by means of saddles with two
screws. But since we cannot put a screw
into a brick wall, we must either take a
cold chisel and hammer and knock out a
chunk of the wall and plug it with wood
—the old-fashioned method—or we must
take a hammer and steel jumper to jump a
small hole, only slightly larger than the
size of our screw, insert therein a Rawl-
plug, and make our saddle and tube a
fixture by screwing the saddle into the
wall thus plugged.

Kango Electric Hammer.

But here arises the question which I
referred to in my opening paragraph.
Although the hammer and jumper are
perfectly efficient and admirable tools,
and though there can be little question
that on small jobs it is a much simpler
and more economical matter to make the
holes in this way, yet there is a very
definite point at which pure mathematics
will prove that an electric hammer making
the holes at a far greater rate repays in
the time of the electrician the cost of the
hammer. In this connection I am illus-
trating the Kango hammer, which costs
£30, and which requires a certain amount

A UservuL MEeCHANICAL HAMMER.
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of skill in operating,
but not nearly so
much as one might
think.

Any number of
tools can be fitted
to this instrument,
which is not only
useful for Rawlplug-
ging purposes, but
canbe used forevery
sort of chipping,
chiseling and cutting. It can with great
advantage be used for cutting chases in
brick or concrete, for cutting holes in floors,
and in many ways be made to save labour
on electrical installation work. Themanu-
facturers actually list no fewer than 33
different tools for use with the hammer.

Draw-1x TaPEs aAVD
WiRrES

Mechanical Hammer,

1f the principle of the automatic hammer
is one which is justified by the size of the
job, but if the job or likelihood of jobs
does not seem to justify the outlay on an
electric hammer, there is for the elec-
trician a good compromise in the purely
mechanical hammer operated by turning
a crank handle which by means of cams
delivers a series of blows on the bit, at
the same time slowly rotating the bit to
ensure a perfect and neat circular hole.
Thirty shillings will buy not only the
apparatus, but a set of appropriate bits.

Inserting Wires into the Tube.

We have got the tube into position,
and we now wish to get our wires in. In
this paragraph I must confess that I
have to walk very warily, for I am going
to refer to that bogey of most consulting
engineers, the draw-in tape or draw-in
wire. This tool
inmost quarters
isregarded with
mingled horror
and fear on the
part of consult-
ing engineers, as
though it were
some Loch Ness
monster. Many
specifica-
tions for
electric wiring

CookEe’s Hore CUTTER,

will be found to contain a clause to the
effect that no draw-in wire must be used
in the introduction of cables into the
conduit. The reason for this is obvious.
It is that a draw-in wire can be badly
abused ; it can be used as a means of
getting into a tube more wires than the
tube should hold and as a means of draw-
ing wires into a tube which is so twisted
and bent and flattened that it should
contain no wires at all. For this reason
its use is forbidden in many specifications.
If, however, it is conscientiously and
wisely used, it is a very handy tool.

Tt consists of a wire or a steel tape which
has flexibility, but a certain amount of
rigidity. On to the end of this is fitted
a small runner
having two
little steel
wheels.  That
end of the wire
or tape which is
carrying this runner is inserted
into the end of the tube and pushed
forward, the wire or tape being fed in
behind it until, rolling along one or other
of its little wheels in turn, it emerges at
the other end of the tube. The cable to be
drawn in is then fastened to the free end
of the drawn-in wire which is still pro-
truding from the operator’s end of the
tube and the draw-in wire is pulled until
it has drawn in behind it the cable through
the tube. The cost of this draw-in wire is
a few shillings only.

SHADE RIiNG TooL

Cooke’s Cutters.

Cooke’s cutters should form a part of
most electricians’ equipment. This is an
implement for cutting a hole in a steel or
iron surface where ordinary drilling or
the use of a hammer is out of the question.
In wusing this tool, a small pilot hole is
first drilled in the plate, box, tank or
other object, after which a centre pin
is passed through the hole thus drilled
from back to front and the cutter engaged
with this pin by means of a thread. The
cutter is then screwed down by means of a
mill-headed screw until it bears upon the
surface of the plate and is then rotated
by means of a tommy bar, being per-
petually fed down on to the job by means
of the mill-headed screw. This tool
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necessary to lift tele-
phone from the hook.

Thus, for quile a
moderate cost, the user
of this type of tele- 5
phone obtains an
instrument which 1is
equal in  appearance
to that which would
be wused in a fully
automatic svstem the
cost of which might x
run into a thousand s
pounds or more,
whereas a To-line in- N
stallation of the inter-
dial system would
cost considerably less
than one hundred
rounds.

In short the system
gtves a ““ Rolls Royce ”  +4-way junction box
appearance for *‘ Baby
Austin”  cost.  This
mend it to many users.

Note that in the

feature will com-

Exceptional Speech Transmission Obtain-
able with One Dry Cell.

A special feature of this telephone is the
exceptional speech transmission obtainable
with one dry cell. For ringing purposes
two additional cells are usually required.
This constitutes the whole of the power;
that is to say, three cells only are neces-
sary, fitted in the central position.

Selecting Mechanism.

The selecting mechanism is of a robust
nature and consists of materials such as
used in the Standard Post Office dial, and
consequently long life is ensured in the
wear of these components.

Wiring Connections.
The wiring connections are standard
with everyday internal telephone practice.
A typical wiring diagram is shown in

Figs 3 and 4 —TyPICAL ARRANGEMENTS FOR
A 6-LINE AND IO-LINE SYSTEM.

junction boxes are used and in the latter one

Fig. 2, which illus-
trates a portion of a
Io-line system.
Notice that in this
case I3-core cable is
used, all the instru-
ments being connec-
ted in parallel either
by looping in or by
the use of junction
boxes at selected
points.

Figs. 3 and 4 show
typical arrangements
for a 10-line system
and a 6-line system
respectively. Notice
that in the first case
one 4-way junction
box is used, whilst in
the latter case two
3-way junction boxes
are employed. The
number and location of the junction boxes
depends entirely upon the relative po-
sition of the various stations.

In wiring up the instrument note that
the terminals TC and RC are bridged.

former two 3-way

No Difficulties in Installation.

Some electrical contractors may
hesitate to install an intercommunication
telephone in an office, works, or factory,
preferring to leave this to telephone ex-
perts. After examining this particular
system we have no hesitation in saying
that any electrical man who is familiar
with ordinary wiring practice should be
able to install and maintain this system.

We suggest that this is a project well
worth serious consideration by many of
our readers who may be in a position to
obtain telephone contracts of this type in
their immediate neighbourhood. The
makers of the system are prepared to give
every facility to reliable contractors who
write to “Shipton,” c¢/o the PracTICAL
ELECTRICAL ENGINEER, 8/11, Southampton
Street, Strand, W.C. 2.
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THE

CONSTRUCTION OF A MODERN

SILVER REFINERY

By C. C.

ILVER refining to-day is very largely
S conducted by means of aprlied
electrolytic  systems, and little
doubt now remains that they represent
the most efficient, rapid, and accurate
means of recovering the pure metal.

From an experimental point of view,
silver is a simple metal to deposit electro-
lytically, and the same holds good on the
large scale, but in consequence of the
great monetary value at stake, the deposi-
tion of the refined metal must be absolute.

The construction of the electrolytic
refinery does not call for any very special
skill, but the layout of the plant is usually
left in the hands of a first class electrical
engineer.

The whole plant in which the deposition
1s conducted seldom covers a floor space
of much more than a hundred square feet,
not including the current supply plant and
accessories.

Current Supply Plant.

As a general rule, the latter seldom
differ materially from the layout of a
fairly large plating shop. That is, the
construction of the electrical units, or
rather the fitting up of motor, bus bars,
panels, switch-gear, leads, and cables, is
carried out very much on the same lines
as for general electroplating practice.

Greater care is necessary, however, as
the electrolyte employed is composed of a
dilute solution of nitric acid, which is
always slightly decomposed as a result of
the action of the current.

Insulating Material Has to be Freely
Used.

The gases thus evolved readily make
short work of any exposed copper or other
metal parts, and insulating material has
to be used very freely. The building itself
is made of concrete, and is composed of
two storeys, the bottom floor housing the

DowNIE

generator, and the uprer floor containing
the electrolysis plant.

Floor and Walls Should be Coated with
Anti-corrosive Lining.

The floor and walls should be coated
with asbestos paint, or other anti-cor-
rosive lining, whilst provision is made to
remove all noxious gases by means of a
system of electric fans which continuously
draw currents of air out of the building.
The generator in the bottom flat is
practically sealed in, and no corrosive
gases can get near it.

The leads from the generator reach the
upper floor through a channel, and are
directly connected to the panel on which
are fitted the switches, ammeters, and
voltmeters, etc.

From thence the current is led along bus
bars, which are held in suspension by
wooden struts, and linked up to the
different deposition vats. In the plant
described, copper bus bars were used,
which it was thought was an error, since
aluminium bus bars are practically as
effective, and can largely resist the
corrosion of the nitric acid gases.

Construction of the Vats.

The refining of the silver is prosecuted
in a series of eight stoneware vats each of
which contains approximately 22 gallons
of electrolyte. The charge to be electro-
lysed consists of what is known as *‘ part-
ing plates.” (In the earlier stages of the
process, the various materials containing
silver and other precious metals are
smelted, from which the products obtained
are a rich lead alloy, a “matte” and
slag. The lead alloy is cleaned by skim-
ming which removes much of the copper
and other impurities, after which it is
transferred to a cupellation furnace which
removes the lead, etc., so that only the
“noble ” metals remain. These latter
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comprise silver, gold, platinum, and minute
quantities of the rarer metals.)

The Cathode.

The vats are furnished with a set of
graphite blocks which are lined along the
complete bottom and fitted together by
means of a special cement. This re-
presents the cathode for each vat.

The Anode.
The rich silver alloy from the cupella-
tion furnace is cast

the previous electrolysis) is rlaced on
top of the others.

How the Copper Rod is Held.

The cable from the bus bar is attached
to a copper rod specially cast with a
small flat circular plate at the immersed
end, and a lug at the further extremity.
In place of having parts which require
screwing into position, the coprer rod
with attached plate is simply held tightly
in position by means of a wooden bar

stretched across the

into anode moulds '\ tank. In this
(made of iron) and manner, the setting
the platesfrom F D F up of the units for
thence are fitted prosecuting the
into special open (o) I electrolysis is con-
box frames which % ducted verv rapidly.
are placed above A\é_ 46 When starting
the graphite bottom — L— afresh, with the
and represent the % green coloured

anode.
of the box frame
are made of wood,
whilst the bottom
is composed of aset
of thick glass rods,

Wl i

electrolyte, the cloth
c which acts as a
diaphragm is fixed
in pesition in the
wooden box. The

AN

24
s,

and the space be-
tween these rods

% four silver anodes
% are placed in the
space, a small anode

allows free access

remnant used to

to the flow of the
electrolyte. A cloth

connect the four
plates, the copper

10

bagis fitted as close-

rod and plate placed

ly as possible to the
bottom and walls

Plan

on top of the latter,
and Rforced under

of the box, and
immediately inside
this bag is the set of
silver plates repre-
senting the anode.
As the electrolysis proceeds, the gold
and platinum metals remain behind
in the form of a dark sludge in this
cloth bag.

rods.

How Current is Led from Bus Bars.
The current is led from the bus bars to
the graphite cathodes by means of a copper
plate situated below the blocks, and
sealed from the acid. The silver anodes,
usually four in number, are placed in
position on top of the glass rods in the
box, inside the bag, whilst a smaller
silver plate (usually one left over from

DESIGN FOR SILVER ELECTROLYSIS VATS
A, silver anode parting plates; B, graphite
cathode blocks; C, copper plate; D, copper rod;
E, wooden bar; F, wooden box frame ; G, glass

the wooden bar.

By attaching the
cable to the top of
the rod all con-
nections are made,
as the cathode connection to the carbon
blocks is a permanent one.

The whole operation only occupies a
few minutes.

Prior to electrolysing the silver plates,
they are fully assayed.

Some of these are richer in platinum and
palladium than others, and it is necessary
to number them and select four for each
tank, so that any excess does not interfere
with the progress of the electrolysis.

Acfion of the Current.
Each tank is only about half filled, the
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electrolyte in each case being only a
fraction of an inch above the level of
the plates. In this way, the active areas
between anode and cathode of the different
tanks is considerable. No useful purpose
can be served by increasing the volume
of the electrolyte, and as bank interest is
at stake, no waste of time could be
tolerated, and it 1s, therefore, necessarv
to connect additional tanks where more
electrolysis is required.

Two sets of four tanks are connected in
paraliel. Tke electrolysis proceeds with-
out hindrance until the silver anodes

have been corroded away, which usually-

occupies from two to three days.

The bus bars above the tanks have a
connecting bar (of copper) which is then
unbolted, so that one set of four tanks
may be disconnected. The wooden box
frames are then raised from these four
tanks, and the black gold mud scraped
from the cloths, which is then subjected
to a further refining process.

How the Silver Deposited on the Graphite
Blocks is Removed.

The silver which has been deposited on
the graphite blocks as a fine shining
crystalline deposit, is removed daily, with-
out interruption to the progress of the
electrolysis. This is done by scraping
out the white mass with wooden poles,
to which are attached leather shoes.
The open end of the tank, ie. that end
opposite where the wooden box frame is
situated, leaves ample space in which to
remove the silver deposit.

How Current is Applied.

Current efficiency, and also the aggre-
gate power consumed, do not come in
for the same scrutiny asin other electrolytic
plants, as the main feature from an
electrical standpoint is to recover the
silver deposit as rapidly as possible.
Current is applied at fifty amps. per square
foot. The resistance set up by different
silver plates does not vary very appreci-
ably, but an excess of impurities in the
electrolvte, after continued use, tends to
raise this, and may be noted by the
reading on the voltmeter.

In view of the value of the products,
comparatively little regard is paid to the

power consumed, but in the construction
of the plant, the maximum efficiency is
expected on the trial runs.

Best results are secured with a space
between anode and cathode of about
14in., and using a freshly made electrolyte.

Practical Details.

Most of the remaining points are more
of a chemical than an electrical nature, and
the construction of the refinery neces-
sitates a training in both sciences. The
operating of the plant does not require
the services of skilled labour, but the
various products have to be fully analysed.

The Electrolyte Solution.

The electrolyte consists of a 0.5 per cent.
solution of nitric acid, and the attendant
tests this daily in each tank to see that
this concentration is maintained. The
copper content of the solution tends to
rise as the acid content rises. Coprer is
determined dailv, and should not exceed
four yper cent. of the solution.

More than this amount of copper would
be injurious to the quality of the deposit,
but too little copper tends to allow the
silver to deposit in a too fluffy condition.
It is, therefore, necessaryv to add a small
amount of copper to the electrolyte in
some instances.

About Half Gallon of Electrolyte Should
be Removed Daily.

Silver in solution is also tested daily, and
should be maintained at three per cent.
Instead of working an electrolyle until it
is foul with impurities, and then disposing
of it, it is customary to remove about half a
gallon of the solution daily from each
tank.

Instead of replacing this with fresh
weak acid which would thus unduly
reduce the fixed three per cent. silver
content, a solution of silver nitrate is
added. This is made by dissolving some
200 ounces of silver deposit in about
2 gallons of dilute nitric acid, and adding
it proportionately to the different tanks.

A Summary of the Operations.
To sum up these operations,
attendant’s work is as follows :—
The electrolyte is tested daily_to see

the
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HOUSE WIRING EXTENSIONS
FITTING LIGHTING AND POWER POINTS IN A
GARAGE AND OUTHOUSE
By H. W. Jonnson
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Lavoutr oF CONDUIT IN GARAGE AND OUTHOUSE FOR LIGHTING PoINTS AND PLUG FOR
INsPECTION LAMP.

MODERN dwelling house should
have satisfactory provision made
for lighting and power points in

the garage and outhouse, and unless the
building contractor or the prospective
tenant is electrically minded, the electrician
is rarely instructed to fix the necessary
wiring and accessories for the necessary
points, when installing the house wiring.

The Requirements.

The garage should have a central light
fitting which has two-way switch control,
one switch being fixed at a convenient
point in the house and the other switch at
the entrance to the garage. Two plug
points should be fitted, one to supply an
inspection hand lamp, and the other to
give a power supply to the radiator.

The outhouse, which may be used for
washing, should have a central light
fitting which has two-way switch control
similar to the garage light fitting, also
two plug points to give a power supply to

a wash boiler and a washing machine
respectively.

The Supply for the Lighting.

The rules of the Institution of Electrica
Engineers state that before an addition i
made to an installation care should be
taken to ascertain whether the existing
wiring, switches, etc., affected by the
addition are of sufficient current-carrying
capacity for the augmented current whict
they may have to carry.

Generally the existing wiring, switches
etc., for the house-lighting points have
sufficient capacity to carry the smal
additional current occasioned by the
garage and outhouse lighting points.

The Supply for the Power.

The current which will be taken by the
power appliances will be considerable, and
it is almost certain that a new pair of
mains will have to be run from the main
switch in the house. In certain circum:
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Lighting Point @

Plug pont for
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Common terminals
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2Way switch
! at entrance

nearest to the
garage. The “ switch feed ”
connection is the “live”
terminal connection to the
switch and the “light feed ”
connection is the connection
of the wire from the main to

this point,

the ceiling rose. Between
the “light feed” and the
“ switch feed " exists the full
“ mains ”’ voltage.

The Material Required for the
Lighting.

2 inch diam. galvanised con-
duit. This size of conduit is
required on account of the
strapping wires connecting the
two-way switches in the house
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—

Double door entrance
to garage from drive

to those in the garage and the

outhouse.

3/.029 in. or 1/.044 VIR.C.M.A.
600 megohm grade cable.

2 in. inspection-type galvanised
conduit T’s.

ndu . . i
TO THE GARAGE AND QUTHOUSE LIGHTING AND PLUG POINTS. 4 in. galvanised conduit coup

Note that the lines indicating the wiring do not indicate

the actual conduit runs.

stances it will save considerable trouble
and disturbance to the structure of the
house, due to running this pair of mains,
by having a new service brought by the
Supply Company’s authority into the
garage.

If the house service is used, the capacity
of the existing main switch must be
ascertained, and if insufficient to carrv
the augmented current occasioned by the
power appliances, a new switch having the
correct current-carrying capacity will have
to be fixed.

Notifying the Supply Authority.

The Supply Company should be notified
of the proposed extension to the installa-
tion, and full details given to them of tle
nature and loading of the consuming
appliances to be used.

The Connections from the House Wiring
for the Lighting.

The terminal connections of the exten-
sion from the house wiring will be obtained
at the “light feed” connection of the
ceiling rose of a light point and ““ switch
feed 7’ connection of the switch controlling

ings.

1—6% in. X 3% in. rectangular
wooden pateras 1 in. deep.

5—3% in. circular wooden pateras T in. deep.

4—S P. Bakelite two-way switches

1—j5-ampere Wylex fused plug and socket.

2 in. conduit saddles.

2—H.O -type lampholders for lighting points.

2-—Porcelain ceiling roses.

14/.0072 in. workshop circular cored flexible
for lighting points.

Preparing for the Conduit Run from the
House Light Point.

The trap in the floor immediately
above the light point is opened, and the
floor board under which the wiring from
the light point to the switch runs, is
carefully removed. If the wiring is in
conduit there will be an inspection T at
the corner where the wiring drops from
the floor to the switch on the wall below.
The floor board from the trap to the wall,
through which the conduit to the garage
will pass, is also removed.

The height of the eaves of the garage
above the garage floor is measured, and if
this distance is greater than the height of
the floor in which the run of conduit will
be fixed, a 3-inch diameter hole is drilled
through the wall to give an outlet into
the garage for the conduit run. When
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this distance is less, then the hole will be
drilled through the wall from the room
below at such a height from the floor that

he hole gives an outlet into the garage, and
a channel is cut in the plaster £ inch wide
and £ inch deep from the hole to the floor
from which the conduit will pass.

Should the garage be detached from the
house, the conduit will pass through the
hole in the wall, and continue overhead
outside, and then pass through into the
garage through a hole which will have to
be drilled through the garage wall. A
hole is also drilled through the walls which
separate the garage from the outhouse, so
that the conduit may be continued from
the garage to the outhouse.
joists between the trap and the outlet hole
to the garage are slotted 2 inch deep and
% inch wide to accommodate the run of
conduit.

The position of the two-way switches in
the house which will control the garage
and outhouse lights is fixed, and a channel
2 inch deep and £ inch wide is cut in the
plaster on the wall from this position to
the outlet hole to the garage.

The Conduit Runs in the Garage and
Outhouse.

Fix the position of the lighting points
in the garage and outhouse and their
respective switch positions at the doors,
also the position of the plug point in the
garage, This position could be imme-
diately above the switch position, but

(HAMBER FLOOR OF HOUSE

Short prete of floor board

T Inspection fitting L Tiovers trap

)

House light ceiling =
rose removed ~ " ||

r

House switch
I removed

rated for
mains

Test lam
declare
voltage

The floor ~

Inspection T

77777, g

MeTHOD OF FIiNDING THE HOUSE LIGHT AXN]
SwitcH FEEDS WHICH ARE USED AS THE SUPPLY
TERMINALS FOR THE EXTENSION WIRING,

Tne lamp glows wiaen connected across th:
Light and switch feed,

should not be less than six feet above floo
level. The conduit runs to these position:
from the outlet hole in the garage are
marked off, and, where necessary for fixing
the conduit, the walls are drilled anc
plugged at intervals of about 4 feet.

The plugs should be rectangular ir
shape, 1} inches wide, # inch thick, anc
2% inches long. Two plugs should be
fitted at each of the switch positions and
the plug position, to give a secure fixing
for the patrasses.

Cutting, Screwing, and Bending the
Conduit.

When the
conduit 1is to
be fitted it will

3 have to be cut

to definite
lengths ; to be

Inspection T

screwed, in

o 0u%let hole to
Trep = orege order to make
=~ E e e— — joints with the
Existing run ) refing I Run of conduit to i 1 »
of condui ,\E)_usté?;’g light 2 way switches various 1nspec
: P fixed in house tion fittings,
: Run of conduil
fixed from existing GARAGE and to connect

GROUND FLOOR }
OF HOUSE

light point to garage etc.

ROOM IN HOUSE

Tue Conpuit Run FroM THE TRAP TO THE GARAGE.
The trap is opened by removing the short piece of floor board between the
A T inspection is fitted to the existing house conduit at the out-

two joists.
let to the house lighting point in the trap.

up with other
lengths of con-
duit, also to
be bent, when
it is desired to
change the
direction of run.

Garage Wall
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ENTERING CABLES INTO THE CONDUIT AT AN
InspeEcTION T FI1TTING.

SHOWING CABLES Passing THROUGH AN IN-

spECTION T FITTING.

Conduit should be cut with a metal
hack saw blade and all * burrs ”’ removed
from the inside edges after the cut is
made. A special die, which cuts electrical
threads, is fitted in a suitable stock and
is used for cutting threads on the conduit.
Do not screw the conduit for a greater
length than is necessary, and use a liberal
amount of oil lubrication when cutting
the threads. A 2-inch conduit die cuts
16 threads per inch.

Conduit is bent cold ; the seam of the
conduit should always be at right angles
to the direction of the bend. The bending
operation may be done by placing the
conduit over the knee at the point where
the bend is required, and a steady pressure
applied at the ends of the conduit.

It is better, of course, to use a special
conduit bender if one is available.

Running and Fixing the Conduit.

The wvarious parts of the run are
measured up, and the conduit cut to
these lengths and screwed where the
ends are to be joined together, or fitted
into the inspection T fittings.

The junction to the existing conduit
at the light point in the house is made by
fitting an inspection T on the conduit at
its outlet to the point. Before this may
be done the main switch will have tc be
turned off and the wiring at the ceiling
rose disconnected and drawn back into the
trap. The conduit is fixed to the walls,
etc.,, with saddles. An outlet coupling
should be fitted in the conduit run to

the two-way switch in the garage, where it
passes behind the pateras, to which the
inspection-lamp plug socket will be fixed.

The Wiring.

The 1/.044 in. V.I.R. cable which is
used for the wiring is to be obtained in
two colours, red and black, and the wiring
is considerably facilitated if both these
colours are used.

Measure up the following distances,
and cut off from the supply of cable lengths
equal to the measured distances, allowing
1 ft. on each length for connection to the
fittings and accessories.

(1) Red cable : House switch controlling
house light, to the house two-way switch
positions, controlling the garage and out-
house lights.

(2) Black cable : House light to lighting
plug in the garage.

(3) Red cable : Two-way switch position
in house to lighting plug in garage.

(4) Two red cables: Two-way switch
position in house to two-way switch in
garage. (These two cables are marked
at each end for identification.)

(5) Two red cables: Two-way switch
position in house to two-way switch in
outhouse. (These two cables are marked
at each end for identification.)

(6) Black cable: Lighting plug in
garage to central light in garage.
(7) Black cable: Central

garage to outhouse light.

(8) Red cable: Two-way switch in
garage to central light in garage.

(9) Red cable: Two-way switch in
outhouse to outhouse light.

Great care should be taken to avoid
“twists ” and ““ kinks” in the various
lengths of cable when taking them from
the coils. The method to adopt for taking
off the various lengths of cable to avoid

light in

Short length
D\ of red cable
X RN

2

NStrapping
krm%/’lgls

Tue TErRMINAL CONNECTIONS OF THE CABLES

TO THE Two Two-wAY SwITCHES, FIXED IN THE

House, CONTROLLING THE GARAGE AND OUT-
HOUSE LiGHTS.
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“ kinks ”’ and twists is to mount the coils
on a rotating drum, and pull the lengths
off the coils as required, or to roll the coils
across a clean dry floor until the required
lengths are run off.

Threading the Wiring into the Conduit.

The most convenient point in the con-
duit to commence with the wiring is at
the inspection T which is fitted in the
house floor adjacent to the garage wall.

At this point one end of each of the
cables 1, 2, 3, 4 (two) and 5 (two) are
entered into the conduit.

Cables 1 and 2 are threaded along the
main run towards the house switch and
light positions respectively, where the
supply for the wiring will be obtained.
Cable 1 will be guided from the floor run
of conduit to the wall run at the inspection
T fitted here, and so on to the switch.

Cables 3, 4, 5 and the remaining end
of cable 1 will be threaded down the
branch run of conduit to the two-way
switch positions in the house.

All the various ends are drawn out at
their respective positions for about 6 in.
to allow for their terminal connections.

The remaining ends of cables 2, 3, 4
and 5 are now threaded through to the
inspection T fitted at the outlet hole in
the garage, and at this point cables 5 are
threaded a.ong the garage run towards

the outhouse two-way switch
position, whilst cables 2, 3
and 4 are threaded along the
conduit run to the lighting
plug position. At this point
cables 4 and one end of cable
8 are threaded to the two-way
i I N garage switch position, which
_L‘CZ'C1 1s at the end of this run.
| From the lighting plug
: position in the garage, the
: remaining end of cable 8 and
! one end of cable 6 are
| threaded into the conduit
| and run towards the central
! light position in the garage.
Beyond the inspection T at
the outlet hole in the garage,
they will keep company with
cables 5 until the inspection
T is reached, where a short
run of conduit branches

SOCKETING
THE END OF
CoONDUIT
I NTO &
PATERAS.

Condurt to other
parts of house

i

House wiring
condutt ¢
light po:nt

House wiring condu
to switch point

T

CABLE 1 Is THREADED THROUGH
THE Existing RuN ofF House
ConpuliT TO THE HOUSE SwITCH
PosiTioNn FOrR CONNECTION TO THE
House Switca FEED.

off to the light position. At this point
one end of cable 7 is threaded into this
branch and run along with cables 8 and 6
to the light position.

The remaining end of cable 7 is threaded
into the conduit at this inspection T, and
run along with cables 5, until they reach
the inspection T in the outhouse. Here
cables 5 and one end of cable g are threaded
down the run of conduit to the two-way
switch position in the outhouse, and the
remaimmng end of cable g and cable 7
threaded to the outhouse light position.
The whole of the wiring is now threaded
into the conduit and all the covers of
the inspection T’s may be replaced.

Fixing the Patrasses.

The patrasses are marked off and drilled,
for the fixing and cable holes on their
faces, and the conduit entry holes at their
sides. A 6%-in. by 31-in. pateras will be
used at the two-way switch position in
the house. At this position two two-way
switches are to be fixed. The ends of the
cables are drawn through the holes in the
faces of the patrasses and the ends of the
conduit socketed into the holes in the
sides of the patrasses. A % in. diameter
hole is drilled rather more than half-way
through the side of the paterasandthehole
finally completed through the side with a
2-in. twist drill. The end of the conduit
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is then socketed into the hole. The ledge of
wood against which the end of the conduit
butts forms a bush and protects the in-
sulation of the cables from being damaged
by the edges of the conduit. The patrasses
are now firmly fixed in position with
suitable wood screws.

‘¢ Looping-in >’ the Ends of the Cables.

The ends of the various cables are cut
off to a suitable length to allow of their
connection to the accessories, and, in
addition, a little slack wire, which may be
pushed behind the patrasses when the
connections are made,

The insulation is now stripped off from
the end of each cable for about 1 in. and
the bared ends cleaned where necessary.

The ends are now  looped ” together
where necessary as indicated in the
wiring diagram :—

At the house switch, end of cable 1 to house
lighting switch feed.

At the house light, end of cable 2 to house
lighting light feed.

At the house two-way switch positions con-
trolling garage and outhouse lights, end of
cable 3, to a short piece of red cable, which is
used as a feed of the second two-way switch,
and the end of cable 1, three ends are joined.

At the garage lighting plug, end of cable 2
to end of cable 6.

At the garage central lLight fitting, end of
cable 6 to end of cable 7.

The wvarious ends must be carefully
twisted together so as to make a good
“ loop-in "’ connection.

If the colours of the various cables have
been adhered to, the identification of the
various ends for “looping-in’’ will be
a comparatively simple matter.

Connecting and Fixing the Accessories
and Fittings to the Wiring.

The covers are removed from the various
accessories, and their terminal screws
screwed back to allow of free entry of the
bared cables into the terminal holes.

The bared ends must be pushed through
the holes so that no bare wires are visible
at the back of the accessories. The
terminal screws are tightened up to have
a good grip on the wires, and any excess
lengths of the wires which project beyond
the front of the terminals are cut off
flush.

Particular care must be observed when
making the two-way switch connections.

At the house two-way switch position
the common terminal of the two-way
switch controlling the central garage light
is connected to the “ looped-in " ends of
cables 1 and 3 and the short piece of red
cable. The two strapping terminals of
this switch are connected to the ends of
cables 4, which have been marked. The
common terminal of the two-way switch
controlling the outhouse light is connected
to the remaining end of the short piece of
red cable, whilst the two strapping ter-
minals are connected to the marked ends
of cables 5.

At the garage two-way switch the com-
mon terminal is connected to the end of
cable 8, and the two strapping terminals
are connected to the ends of cables 4.

At the two-way switch in the outhouse
the common terminal is connected to the
end of cable g, and the two strapping
terminals are connected to the ends of
cables 5.

Make sure the main switch is turned off
before the supply connections at the house
switch, and light feeds, are made to the
ends of cables T and 2 respectively.
The lampholder for the garage light is
connected to the ceiling rose with a length
of workshop flexible wire.

Inspection and Testing of the Extension
to the Wiring.

The supply company must be communi-
cated with when all the connections are
made and the lamps fitted in their posi-
tions. Their inspector will make an
inspection of the work which has been
done, and an insulation resistance test
of the wiring. If the work done and the
test obtained is satisfactory the current
may then be switched on.

WIRING FOR THE POWER PLUGS.

This part of the work is in reality not an
extension to the existing wiring, but an
entirely new installation, and must be
treated as such.

There are two ways of getting a power
supply into the garage and outhouse.

The first method is to run a pair of cables
in conduit under the ground floor of the
house, from the main fuses in the house
to a distribution board, which will be fixed
in a suitable position in the garage or

w
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GROUND FLOOR

Garage
Floor

TrE RUuN oF CoNDUIT FROM THE HoUusE MAIN FUSES TO THE GARAGE FOR THE POWER SUrpLyY CABLES

outhouse. The second method is to
request the supply company to run a pair
of service cables from their street mains
into the garage or outhouse. This method
will generally necessitate the fixing of an
extra meter, a main double-pole switch
and main fuses in addition to a distribution
board.

The distribution board will supply the
various plugs with current. A circuit for
each plug supplied is run from the various
pairs of fuses on the distribution board.

The first method suggested is possibly
the less expensive, and will not create an
excessive amount of labour, or serious
interference with the structure of the
building, when the mains are run under
the ground floor.

/: 7 House Main

Switch and Fuses

3

——To house lighting and power installation

The Size of Cable Required.

The current required by which each of the
appliances which are to be used is found from
their loading particulars, and the total
current for all can then be determined. A
cablelargeenough to carry this total current
is then selected for the mains, which will
be run from the house main fuses to the
distribution board in the garage or out-
house.

Yor example, if a total current of 23
amperes is required, then a %/.044-in.
cable will be required for the mains.

The Circuit Cables.

Each plug to be supplied will have a
pair of cables run to it from the distribu-
tion Doard, and the cables connected

i Distributing

Y 044"Mains to garage

) Board in garage

Earthed .__,=; ! S =Y

to conduit

WIRING DiaAGrRAM FOR THE PowgER Pruas
IN GARAGE AND QUTHOUSE.

Earth pin of

En'ylex plug

led—Earth wire of 3 core flexible

10 Ampere
wylex plug
socket with

earthing connection Power Appliance

AN
Earth’ terminal on case
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to a pair of fuses which will protect the
circuit. For example, the cables must
be large enough to carry the current which
the appliance connected to that plug will
take.

A radiator for the garage taking 10
amperes will require a ro-ampere Wylex
plug or some other form of switch plug,
which will be connected to the distributing
board with a pair of 3/.036-in. cables.

The Conduit Runs.

Holes should be cut through the ground
floor, at a point immediately below the
main house fuses, and a point at the house
wall adjacent to the garage, also a hole
through the house wall adjacent to the
garage, just above the hole through the
ground floor. The diameter of these holes
will depend upon the conduit; if the mains
are 7/.044 in. cable, then 2-in. diameter
conduit will be required.

The position of the distributing board is
fixed; a good position would be about
6 ft. immediately above the outlet hole
in the garage.

The conduit runs from the distributing
board to the plug positions are marked out,
and the walls along the lines of run
plugged at intervals for saddles which
will secure the conduit to the wall; 3-in.
diameter conduit will be suitable for the
plug circuits from the distributing board.
The plug positions must not be less than
6 ft. above the floor.

Fixing the Conduit.

Admission under the house floor may
be obtained through a ““trap” which is
made by cutting three adjacent floor
boards between a convenient pair of floor
joists. The conduit is secured to the
underneath, surfaces of the joists, holes
being cut through the dividing walls
under the floor, where it is necessary to
continue the run from the outlet hole in
the floor underneath the main fuses,
to the outlet hole in the floor adjacent
to the house wall; here the conduit comes
up through the floor in readiness for pass-
ing through the outlet hole into the garage.
Inspection elbows will be fitted at each of
these points.

The Wiring.

The various runs are measured up, and

the cables cut off to the required lengths ;

they are then threaded into the conduit
runs in a similar manner to those which
were threaded for the lighting extension.

Connecting the Distributing Board and
Plugs to the Wiring.

The distributing board is fixed in
position, and the ends of the conduit
runs secured into the sides of the iron case
with suitable lock nuts; the ends of the
conduit which pass inside the case must be
fitted with hard rubber bushes. The
ends of the mains are connected to the
bus bars with sweating sockets, and each
pair of circuit cases connected to a pair
of fuses which are opposite to each other.

At each of the plug positions, a socket
is connected to the wiring; the end of a
short third wire at each position is con-
nected to the earth terminal of the socket,
the other end of this wire being secured
to the conduit, which has been cleaned at
this point, with an earthing clip.

The Connection to the Main House Fuses.

Communicate with the supply company
and request them to take out their fuses.
The main switch and fuses are then
replaced with new ones which will safely
carry the augmented current occasioned
by the new power load.

The ends of the mains are then looped
into the main fuse terminals.

Connecting the Plugs to the Appliances.

The various power appliances are con-
nected to the plugs with suitable lengths
of three-core flexible. Make sure that the
earthing wires of these flexibles are con-
nected to the correct terminals of the plug
and the appliance.

If the distributing board is iron cased,
the caseis connected to the water main with
a 7/.044 wire; make the connection to the
case with a sweating socket, and the
connection to the water main with an
earthing clip. If the distributing board
case is made of wood or non-conducting
material, the conduit must be earthed to
the water main.

Inspection and Testing.

There must be an inspection of the work
done and an insulation resistance test of
the wiring and appliances by the Supply
Company’s inspector before the current
is switched on.
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STARTORS FOR THREE-PHASE INDUCTION

MOTORYS

By J. V. Brirramy, B.Sc., AM.ILEE, AM.[.Mzecu.E.

some apparatus is neces-

sary for use in starting
up an induction motor in order
to prevent the starting current
from reaching too high a value.
If a motor is switched straight
on to the line, the starting
current, immediately it is
switched on, will be from three
to six times the mnormal
current taken by the motor on
full load. This is not a serious
matter with a small motor
developing 1 or 2 h.p., as the
normal full load current is
only a few amperes.

l :XCEPT for small motors,

When Starting Gear is Neces-
sary.
With larger motors, however,

SUPPLY

84 o~"00000000 o &0
¢y o=~"00000000 o co

THE THREE WINDINGS
OF THE STATOR.

(o)
Fig 1 —(a) THE THREE
SEPARATE WINDINGS

OF THE STATOR OF A
SQUIRREL-CAGE INDUC-
TION MOTOR,

The methods of con-
necting tle winding
terminals  with  the
three supply lines for
starting and running
are illustrated in

Figs. 1 (b)and 1 (¢)

motor is started without any
load at all or with very little
load, such as a line shaft ; this
is, of course, the easiest case to
deal with. Next we get the
motor which has to start up
against a portion of the load
and finally the motor which
must start up against full load.

STAR-DELTA METHOD OF
STARTING FOR SQUIRREL-
CAGE MOTOR.

For a drive which can Ee
started up light or with very
little load, a squirrel-cage motor
is used, and is started up by the
star-delta method.  Referring
to Fig. 1, the stator of the
squirrel-cage motor consists of
three windings brought out

this sudden demand for current

would upset the supply system, and thus
a supply authority usually fixes a limit to
the size of motor which can be switched
straight on to the supply. This limit
varies from 2 h.p. to 1o h.p., but it can
be assumed that any motor above 10 h.p.
must definitely have proper starting

apparatus.
p SUPPLY Meth.OdS Of Sta!‘t-
Ly Lo Lz ing,
M The nature of
this starting gear
depends on the
type of motor
employed and the
actual service
which it renders.
This latter point
refers particularly
to the load against
which the motor
has to start. In
some cases the

Ag
Bl STAR

O (POINT
Co

By Cy

CONNECTIONS IN STAR OR Y.

(b)
Fig. 1. — (b) “StAaR”
CONNECTIONS FOR
STARTING SQUIRREL-
CAGE MOTOR,

to six terminals, as shown in
Fig. 1 (4). The three-phase supply will
have three supply wires, as indicated by
L,,L;and L,.

These three windings can be connected
up to the supply either in star or in delia,
Figs. 1 (b) and 1 (¢), and when running
the machine is arranged in delta, as in (c).
If, however, the motor is connected in star
instead of delta, SUPPLY
it will only take Lt L2
one-third as much
current in start-
ing. This fact is
made use of to
give us a starting
position, and the 3
connections will B 8o
be as shown in CONNECTIONS N DELTA (A)oR
the theoretical MES:'
diagram (b). The @ §
actual manner in 1(;15,’& me (;)1 ON]zEL;‘:)R
which the three

T “C RUNNING SQUIRREL-
windings shown in €AGE MOTOR,

Lz
AR Co
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sketch (4) can Ly lu.z L3 A1 This forms the
be arranged to A1 delta connec-
form either () L,!; cﬂr Lz[:] Bﬂ:; ah A L Ao tion, as will be
or (¢) should be 5 seen by tracing
thoroughly STARTING out the con-
understood. L nections.

The letters A,, 50[}“! Aoé Cotd BRRRC The actual
B,, C,, and A,, i § terminals on the
B,, C,, will en- Co motor may be
able the con- (GH) marked in

nections to be
followed.

Actual Connections for Starting.

The actual startors used in practice
generally have nine terminals, as shown in
Fig. 1 (d), which shows the connections in
the starting position. It will be seen that
there are three line terminals, L,, L, and
L;, to which the supply is connected and six
motor terminals (one to each end of each
of the three windings). For starting, the

Fig. 1.—(d) STAR-DELTA STARTOR IN STARTING POSITION.

various ways,
but that shown
in diagram (f) is the usual arrangement,
and this diagram gives the actual con-
nections to the motor without showing
the switching connections inside the
startor. There are thus six wires to be
run between the startor and the motor
for a star-delta startor.

With a squirrel-cage motor there are no
connections whatever to the rotor, and
the connections shown in diagram (f) are

star-point is ob- all that are

tained by short- H lLZ I s A M necessary.

circuiting the | | I 1 11, %0

three contacts 1¢ 24] 1[:] w4

A, B, and C, g, AUTO-TRANS-

while one of the RUNNING 8 FN?EI}%VIIO% R

line wires iscon- g, Ao cod I - )

nected to each J ] @ Use of an Auto-

of the terminals ‘ N o transformer

A, Byand C.. If for Starting
’ ; @ .

?;e Cﬁinecgggz Fi1g 1.—(¢) STAR-DELTA STARTOR IN RUNNING POSITION. lsvg:};l::?l-cage

windings on the right of sketch (4, are
now traced out, it will be found that
these windings are in the form shown in
sketch (b), 1.e., in star.

Running Position.

For the running position when the
motor is up to speed, the windings have
to be in delta, and this is obtained as

Another method of starting up a
squirrel-cage motor is that making use of
an auto-transformer. The principle of the
auto-transformer will be seen by reference
to Fig. 2 (), which shows a single-phase
winding, If the full supply voltage is
connected across the whole of the winding,
then any fraction of this voltage can be
obtained by tapping off at different points

drawn in dia-
gram{e). To
form this delta
connection the
points AC,,
B,A, and C,B,
are made into
three common
points, and one
line of the
supply con-
nected to each.

SUPPLY

_‘-1—lj.'1 c15] '-241 Bﬂl_'l Ls0) A1£ s

Ao[B

ao?

CoT
|

ACTUAL CONNECT%’;S TO MOTOR.

—

STARTOR TO SQUIRREL-CAGE MOTOR.

“1¢ 1,—(f) ActraL CONNECTIONS FROM STAR-DELTA

as shown. In
the diagram
there are three
tapping points
which  would
give approxi-
mately 60, 70
and 8o per cent,
of the full
voltage.

By using an
auto-trans-
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former it is possible to apply

IA SUPPLY 400 V.

| tion disconnects the three con-

a reduced voltage to the
motor for starting and thus
limit the starting current by
this means. If the supply is
400 volts, this can be reduced
to 230 or 240 volts for start-
ing, as shown in sketch (a).
The provision of two or three
tappings allows an adjustment
to be made, so that if 6o per
cent. of the full voltage does
not provide sufficient starting
torque the tapping can be
altered to 70 per cent., or, if
necessary, to 8o per cent.
Once this setting is found
suitable, it is fixed at that
point, and is not variable without opening
the case and remaking the connections.

The theoretical diagrams for the starting
and running positions for a three-phase
auto-transformer startor are given in
Figs. 2 () and (¢). The motor windings
are permanently arranged in delta for
ordinary voltages and the three leads are
taken either to the tappoings on the trans-
former for starting or direct to the supply
for the running position.

The actual manner in which these con-
nections are obtained in an actual startor

Fig

can  be

2,—{a) PRINCIPLE
OF THE AUTO-TRANS-
FORMER.
Showing single-phase
winding Any fraction ot
tull voltage of supply
obtained by
tapping off at different

points, as shown.

tacts forming the star-point of
the transformer and puts the
motor connections direct on
to the supply. The contact D
is merely a dummy in this
arrangement.

Method of Connecfing wup
Auto-transformer.

The actual connecting up of
a startor of this type is fairly
simple, since it is only neces-
sary to connect up the supply
to the line termials L,, L,
and L, and the motor leads to
M,;, M, and M;. There will thus
be only three leads between
the motor and the startor when using the
auto-transformer method of starting.

STARTING SLIP-RING MOTOR.

For a motor which is permanently con-
nected to its load and which will have to
start up against full load, an induction
motor will have to be of the wound-rotor
type generally referred to as a slip-ring
motor. In this type of motor the rotor
winding is brought out to three slip-rings,
which are mounted on the rotor shaft.
These slip-rings are for the purpose of

is given in Figs. 2 (4) and (¢). Referring inserting resistance in the rotor circuit
to diagram (d), which SUPPLY « SUPPLY for starting purposes.
shows the starting posi- i, |1, |z ¥ L4 [tz |ts
tion, it will be seen that S Resistances Inserted in
the startor is actually a 2 Rotor Cireuit for
formof four-pole change- ¢ 32 3% & 5= oo o3 Starting Purposes.
over switch. In this T En Bl © E This resistance, which
arrangement it is con- 2 is put in the rotor circuit,
nected to the left for DEAN prevents the starting
starting and then thrown L 3 current  from  being
over to the right for X [ 2 [ %s Xl X X excessive and enables the
running. motor to start against a
The star-point of the Mo Mg heavy load.
auto - transformer is The diagram of con-
formed by joining X, nections for this type of
X, and X, and this is MOTOR MOTOR motor is given in Fig. 3,
done by the Dbottom My Ms My Mz and the method of start-
blade of the switch. For  (b) starTiNG. (¢) RUNNING. ing is shown diagramma-

starting, the other three
contacts join the motor
connections M;, M, and
M, to the tappings T,,
T, and T,. The change-
over to the running posi-

THREE-PHASE

THREE-PHASE

Fig 2 —{b) THEORETICAL DIAGRAM OF
AUuTO-TRANSFORMER
IN STARTING POSITION.

Fig. 2.—(c) THEORETICAL DIAGRAM OF
AUTO-TRANSFORMER
IN RUNNING PosIition.

tically at (), (b), {c) and
(d). Ib sketch (a) it will
be seen that th= supply
is taken direct to the
stator winding, and, as
far as actual starting



March

THE PRACTICAL ELECTRICAL ENGINEER

317

gearing is concerned, there is no control
in the circuit except the main control
switch, which is not shown in the first
four diagrams.

The slip-rings are connected by means
of leads from the brushes to three variable
resistances which are “ starred ” at one
common point, as indicated. For starting
purposes the startor must be in the position
giving all the resistance in circuit, as in
sketch (). As the motor speeds up the
resistances are gradually cut, and an

b gz Jis
9

be short-circuited. This is done by a lever
on the end of the motor shaft, and this
state of affairs is indicated by sketch (d).
The provision of this brush-lifting gear
has the advantages of avoiding brush
friction, which results in wear of brushes
and slip-rings, and of doing away with the
losses in the leads to the rotor resistances.
Where this refinement is not provided, the
connections are left as shown in (c).

Actual Connections.
The actual connections which
are required in practice are

X4 T

very similar to those given in

X2 Ty

L2

(d) STARTING POSITION,

Fig. 2.~—(d) CONNECTIONS TO ACTUAL AUTO-TRANSFORMER

STARTOR—STARTING POSITION,

SUPPLY
L1 JLl2

Jt2 JLz

the theoretical diagrams, and a
fuller wiring diagram is given
in Fig. 3 (¢). The stator is
connected to the supply by
means of the main stator
)\ switch, which will have the
mdvy necessary overload and no volt
coils. The rotor is connected
by means of the slip-rings to
the rotor stator, which consists
of the resistances described
above.

Faceplate Type of Rotor Startor
The rotor startor drawn in

1 J )

X
B4 tl My )
Ly
x L

(e) RUNNING POSITION,

Fig. 2.—(¢) CONNECTIONS TO ACTUAL AUTO-TRANSFORMER

STARTOR—RUNNING POSITION,

intermediate step is shown in sketch (b).
Finally, as the motor reaches full speed
the last steps of the resistances are cut out
and the slip-rings are then practically
short-circuited, except for the resistance
of the leads from the brushes to the rotor
resistances.

Running Position.

The motor is then in the running
position, as shown in sketch (c). In the
case of motors which run for fairly long
periods, it is often usual to arrange for the
brushes to be lifted and the slip-rings to

. i
C1 L1 M
AUTO-TRANSFORMER L3 ¢
5 T—%' ‘
Mz y

this diagram is that known as
a faceplate type, and six posi-
tions are shown. The process
of starting, consists of setting
the rotor startor to the start
position (that shown in full in
the diagram) and then closing
the stator switch. The rotor
startor is then moved in a
clockwise direction until the
running position is reached
(as shown dotted).

The actual connections will thus con-
sist of three stator leads, M;, M, and M,,
from the stator switch to the stator
terminals and three rotor leads from the
slip-ring terminals, R;, R, and R;, to the
three terminals, on the rotor startor.
Whatever type of rotor startor is used, the
connections will be essentially the same,
and there should be no difficulty in tracing
the terminal connections out.

Reference has been made to the fact
that the rotor startor must be set in the
““start "’ position before the main stator

My
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SUPPLY
L Jtz |tz

gives a very steady
start is the *“ liquid”’

M2

PULLEY

type in which the
resistance takes the
form of a solution
of common soda n
water. The resist-
ance is gradually

SUPPLY

decreased by lower-
ing plates into the

SUPPLY liquid until finally

L |2 |3

%
\§

RINGS

the liquid is short-
circuited in the run-
ning position. This
form 1is, however,
rather bulky and,
owing to the gassing

©)

Fig. 3 —STARTING OF SLIP-RING MOTORS,

of the liquid, is not
@) suitable for all pur-
poses.

Theoretical diagrams of connections : (@) starting position, (b) intermediate

position, (¢) running position, (d) with brushes lifted and rings short-

circuited.

switch is closed. It will be readily under-
stood that this is essential in order to
prevent this excessive starting current
which we have to avoid.

Interlocking.

In all modern gear this is made more or
less foolproof by interlocking—either
mechanical or electrical. This interlocking
censists of an arraugement whereby the
stator switch cannot ke clcsed unless the
rotor startor is in the ‘‘ start " position.

Cutting Out Resistance Gradually.

In the better types of startors for three-
phase slip-ring motors, the actual motion
of the contacts which shut out the sections
of resistance in the rotor circuit is worked
by a worm gear or other form of ““slow-
motion.” This is in order to pre-

Emergency  Stop-
ping of Motors.
Emergency pushes can be installed at as
many points as required in order to stop
the motor in case evervthing is notin
order. The pressing of one of these stop-
pushes releases the starting handle in the
case of a squirrel-cage motor, and oye.s
the main stator switch in the case of a
slip-ring motor. Thus in case of emergency
the operator dces not have to walk across
the room to stop the macline. These
stop-pushes short-circuit the no-volt ccil
on the startor, thus allowing the handle to
return automatically to the *“ off ”” position.

Automatic Control.

It will be seen from the diagrams that
have been given here that startors for
three-phase motors can be suitably adapted
to automatic control.

vent the resistance being cut out
0 quickly, which would cause
excessive starting current. This
process of cutting out the resistance
in the rotor circuit of the motor
must be done gradually. Modern
startors are generally designed so
that with ordinary care a smooth
start can be obtained without any
special skill.

ROTOR LEADS,, L Lo L3
ROTOR STARTOR //; 5,6 (¢ D srator
| .l,'41 WD SWITCH
Ri}ro|R: —=—STATOR
q <L CEaDs
B PULLEY
SLIP RINGS 1] |S

The Liquid Rotor Startor.
A form of rotor startor which

Fig. 3.—(e) ActuaL CONNECTIONS TO STARTING GEAR OF

SLIP-RING MOTOR.
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HINTS AND TIPS FOR THE PRACTICAL MAN

Readers are invited to send brief paragraphs for inclusion in this section.
All contributions will be paid for at our usual rates

METHOD OF INSERTING TEST AM-
METER IN 3-PHASE MOTOR CIRCUITS
WITHOUT STOPPING MOTOR.

Connect ammeter of suitable range
across a spare fuse bridge (omitting the
fuse wire) and, as quickly as possible draw
one of the motor fuses and insert fuse
bridge with ammeter in its place; readings
can then be taken at leisure. As any
3-phase motor will run single-phase on the
two remaining fuses at practically the

same speed and at roughly 4/3 times the
current per line, this method is quite
feasible and very useful to maintenance
engineers where no ammeters are per-
manently connected in motor circuit.

POINTS IN CABLE ERECTION.

Great care should be taken in the
bending of cables as too sharp a bend will
result in the over-stressing of the insula-
tion on the outside of the bend. For paper
and cambric insulated cables the minimum
radius of bend should be about 12 times
the diameter of the cable, but this should
be increased whenever possible.  For
rubber insulated cables the minimum
radius of bend should be six times the
diameter.

Terminating.

All paper and cambric insulated cables
should have the ends sealed with either
compound or oil to prevent leakage of the
oil from the cable and moisture entering
the insulation. Wax is sometimes used
for telephone cables.

Lead-covered, rubber-insulated cables
are usually terminated by a clamp gland
or a lead wool packing gland to ensure a
good contact with the lead sheath of the
cable. Plain rubber cables should be taken
through an insulating bush.

Wire armouring and steel-tape armour-
ing should be clamped to the gland in

such a manner that a continuous earth is
established, and the weight of the cable is
taken by the armouring.

For single core cables with a lead sheath,
it is usual to insulate one end of the cable
by means of an insulated gland, so as to
prevent any circulating currents in the lead
sheath.

Racking.

When cables have a compounded over-
all serving, it is advisable, where these
cables enter or are racked in a warm
building, to remove the serving so that
any dripping of the compound is pre-
vented. This also prevents the accumula-
tion of dust on the cable.

All plain lead-covered cables should be
wrapped round once with lead strip at
each clamping point. This prevents the
cable clamp damaging the cable.

When cables have a heavy current to
carry, the cable racks and fittings should
be made of a non-magnetic material so
as to prevent any complete magnetic
circuit round the cable.

Measuring.

When measuring a length of cable,
make sure that a good length is allowed for,
at each end of the cable for jointing pur-
poses. If possible, have the required run
of cable racked before cutting from the
drum, thus preventing any waste due to
an inadequate length being cut.

WHEN WIRING UP A MOTOR.

To obtain good continuity right through
when wiring up a motor, it is a good idea
to solder a nipple on either end of the
flexible tube and fix to the motor by lock-
nuts either side of the box, then screw
the nipple of the other end into a coupling
which would be on the conduit and tighten
the joint with a further locknut.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to ** The Practical Elecirical Engineer,”” 8-11, Southampton Street, Strand, W.C. 2.
Envelopes to be marked *° Problem > in the top left-hand corner. Replies to questions
are also invited and all replies published will be paid for at our wusual rates

THIS MONTH’S NEW QUESTIONS

An Interesting Problem on Electrically
Driven Tools.

I have under my coitvol a small frequency
changer supplying a number of portable
Hi-cycle grinders. b .

Theinputisat 440v., 3-phase, 50 cycles and
thz ontput is at 125 v., 3-phase, 198 cycles.
The speed of the set is 3,000 r.p.m. and I
have checked this, also the input voltage.
As I have not an instrument capable of
measuring curvent and voltage at 198 cycles,
I am wunable to check the output voltage,
which should be 125 v., and the curvent
consumption of the tools.

The tools are supposed to have a free load
speed of some 4,000 v.p.m., the full load
speed being in the region of 3,900 7.p.m.
On checking for speed at the tool, I find that
each tool runs on free load at only 2,000
r.p.m. What is the trouble ?

W, T. McMiLLan.

Powers of Local Supply Authority.

Can a local supply authority withhold a
supply of electricity because a switch has
been looped on the wrong side, i.e., you have
to switch on in one voom fo get a light in the
next 7 Also can they withhold it becaiise
the live wire has been connected to the dead
side of a switch plug?

ELecTRICIAN (Scunthorpe).

How to Tell the Phases of A.C.

Will you kindly inform wme if ihere is a
sumple wav of telling the phases of A.C.
Should theve be no marks on the wires so as
to be able to connect an A.C. motor?  Also
could you please inform me how to wire up
a warning lamp on a iravelling crane,
Sitted with three trolley wires on the traverse
so that a ved light will show when the curvent
1s switched on.

A. G. Ryarr (Erdington).

REPLIES TO PREVIOUS QUESTIONS

Rewinding a 220-volt Motor.

I have a small D.C. wmotor which was
wound for 220 v. D.C. What I want to
know 1s the gauge and number of turns,
or weight of wire, to rewind it to rum off
a 6-volt accumulator. The skelch gives the
actual sizes of
Jield magnet, and
armature.

A. Moss.
(Hyde.)

"
4 Hales\

Before stripping the armature, make a
careful note of the commutator connec-
tions, so that you may readily connect up
again when rewound with the thicker wire,

The armature winding consists of 8 coils
of 24 SW.G. double silk-covered wire.
Each coil will have 32 turns. The slots
are first lined with a single layer of
empire cloth, this insulation being sufficient
for the low wvoltage. The commutator
probably has 16 segments and in order to
avoid a duplex winding, the segments are
bridged together in pairs so as to make
an 8-part commutator,

Wind the armature coils in the following
order :—
Wind round slots 1 and 6, then 6 and 3,
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3and §, 8 and 5, 5 and 2, z and 7, 7 and 4,
finally, 4 and 1. Rather less than
2 ounces of wire is required.

The field winding consists of two coils
of 130 turns each, of 20 S.W.G. enamel
covered wire. Wind the coils on a
wooden former, the size of which can
readily be determined
from one of the old
high voltage coils.
Half a pound of wire
is required for the
fields.

Connect the two field coils in series
with one another and in series with the
armature as shown above,

H. E. J. BUTLER.

A Three-phase Induction Motor Query.

I have a question vegarding a three-phase
induction motor of the ndustrial type, with
wound rotors and shori-circuniing gear.
If the “ stalor” winding of one phase
of such a motor developed an *“ earth,” and
the supply system was three-phase insulated,
what would be the effect on motor when the
“votor” was short-circuited by means of
s short-circuiting ving, which is always
filted on motor shaft and mot insiulaied
thevefrom, which can therefore be  com-
sidered as *‘ earthed’” ?

Inpucto (Middlesbrough).

The connections of a three-phase slipring
motor, running with its rotor short-
circuited by an earthed shorting ring,
and of the generator feeding it are shown
in Fig. 1. For the sake of clearness, all
switchgear and other apparatus connected
to the generator has been neglected.

Motor Generator or
Stator Transformer

[
Motor Rotor

rl T g e

When the fault condition mentioned in
the question occurs the connections will
be as shown in the second diagram, and it
will be seen that an earth on one phase
only cannot produce any harmful results,
unless some other point on the primary
(stator) commections is also earthed. The
mere fact of the rotor windings being
earthed through their connections to the
sliprings and the short-circuiting ring

(24

does not affect the matter at all, because
the rotor windings are insulated from the
stator windings and the current in the
rotor is due to transformer action from the
stator, and not to direct connection with
the stator voltage. It will therefore be
clear that an earth on the stator windings
does not close any circuit between stator
and rotor, and that unless such a circuit
is made a harmful current cannot flow.
It must be clearly understood that by
circuit we mean a closed connection, in the
sense that if we start from any point on the
stator windings we can trace out a com-
plete closed loop of connections, via the
earth fault and the rotor windings, arriving
back at the starting point without crossing
any airspace or insulation other than at the
fault. This can be seen from the second
diagram below.

Larth Fault on
= Motor Stator
4

No path for fault current
through “earth”

“The danger of a stator earth fault lies
in the fact that it is the common practice
to earth the ‘‘neutral point” or “star
point 7 of the generator or transformer.
This earthed neutral is in effect the second
earthed point in the faulty system of
primary connections, so that a fault
current flows, blowing the fuse on the
faulty motor phase, or opening the stator
circuit breaker, or if neither of these safe-
guards are present, burning out a portion
of the motor windings. The third diagram
shows the faulty motor connections in
conjunction with an earthed neutral supply
and it must be remembered that this

@ Fault current path shown thus

earthing of the neutral is carried out at
power station or substation, so that what
is apparently an all-insulated three-phase
system at the factory is really an earthed
neutral system.

Hence the danger of a

Larthed
Neutral

13

stator earth,”
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which is due to the intentional earthing
of the supply system. No danger arises
from the fact that the rotor is earthed.

R R
Current Limiting Resistance.

I should be much obliged if you would
answer the following query. The ampli-
Jying system of a public address travelling
van relied on a wmotor-generator set for its
operation. The motor had to operate with
a P.D. of 25 volts D.C., and when run up
to speed took Iz amperes.

As the pressure ai our lermimals was
210 wvolts D.C., what should have been the
resistance, and what should have been the
stze of the wire to prevent any serious over-
heating due fo the current of 12 amperes P—

J R.L. W,

It is assumed that a starter is used in
conjunction with the motor and only a
series resistance is required. The value
of this resistance is obtained from Ohm’s

Law, which states that R == where R is

I
the wvalue of the resistance required,
E the volts to be dropped across the
resistance, and, in this case, equal to
210 — 25 == 185 volts, and I the current
carried.

The value of the resistance thus obtained
Is 15.4 ohms. A suitable resistance wire
to be used in this case would be Ferry,
which has a high specific resistance com-
bined with a negligible temperature co-
efficient. This means that as the wire
warms up the resistance does not appre-
ciably alter in value. This is an important
point.

To obtain a low temperature rise
11 SW.G. is suggested, and the length
required would be 700 ft. This would be
wound on a former I-in. diameter and
opened out into spirals of suitable length
bearing in mind the space available in the
car. H. E. HuTIER

The voltage drop necessary across the
series resistance will be the difference
between the supply pressure, 210 volts
D.C.,, and the motor P.D., 25 volts D.C.
This is 185 volts.

From Ohm’s Law resistance equals
volts divided by current, it is seen that,

185

R =1 = 15.4 ohms,

from 180 fo 500 metres.

““ Eureka "’ resistance wire, which has a
very low temperature coefficient, could
beused. The following data are taken from
the maker’s catalogue.

Gauge .. .. .. 13

Diameter in 1nches 0 092
Hhms per foot 0 0341
Ohms per 1b. 1.32

Approx current in amps wlth

100° C. rise .. . 12

From these figures it may be calculated
that 450 ft. of wire weighing 11.7 1b. would
be necessary.

Tros. G. Fraxcis, B.Sc.,, AMILEE.

As the motor required 25 volts and was
going to be fed from a zro-volt supply,
the voltage to drop will be 210 — 25 = 185
volts. Therefore, as current taken by
motor was I2 amps., the value of the
resistance will be

185
Eo e 15.4 ohms approx.

If the temperature tise is to be kept
below 200° C., the resistance will have to
be wound with approx. 115 yards of
14 SW.G. “ Eureka ” wire on a suitable
former, J. S. Mason

[In view of our correspondents’ diver-
gent views as to the best size and material
of resistance wire to use, we recommend
J. R. L. W. to adopt Mr. Francis’ figures
which will give reliability combined with
moderate cost.]

Tuning Coils for the New Wavelengths.

I am about to constritct a pair of wiveless
luning cotls from the article in your March,
1933, issue. The lower waveband winding
gwen in this article is to cover from 230 fo
550 metres, but I find that under the new
conditions i would be better if this covered
The size of former
I am using 15 1% tn. overall diameter. Wil
you please let me have winding table for
these cotls to cover new wavebands.

R. G. GiLks. (Leamington Spa.)

The modified table on the next page
applies to coils made according to the
article referred to above. This new specifi-
cation, however, is for coils tuning from
approximately 180 to 480 metres and 8oo
to 1,900 metres respectively on the two
wavebands when used in conjunction with
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a good .0005 mfd. variable condenser of
low minimum capacity.

It should be stressed that the tuning
ranges will considerably be restricted if
the condenser has a minimum capacity in
excess of some 30 m.mfd., since the ratio
of maximum to minimum capacity will
then be reduced. The ranges mentioned
can be widened slightly by employing a
condenser of lower minimum than 30
m.mfd., but there are few such com-
ponents on the market.

Diameter of tormer | 141n. | 14, 21in 2} | 3m
Winding A—
No. of turns .. 75 68 47 41 38
Gauge ot wire . 32’s 32's 30's 30’s L)
Length ot winding| sm. | }/in, | 111n 41, .
Winding B—
No. of turns .. 90 84 75 69 60
Gauge of wire . 36's 36’s 36’s 36’s 36’s
Winding C— |
No. of turns . 225 195 153 |7 138 | 120
Gauge ot wie . 36's 36’s 36’s 30’s ’ 36's

Coils made according to the above
specification will meet with the require-
ments of the Lucerne Wave-Plan which
came into force on January 16th of this
year. FrRANK PRESTOX.

Starting a Small A.C. Motor.

I have a small A.C. motor made by
Vickers, Sons & Maxim. The stator has a
solid voke about3 ins. diameter. There are
six pole pieces, giving a bore of T in. The
votor consists of a Mallese cross arrange-
ment, being built up of (copper plated) iron
laminations. I have been informed that
the machine is for 220 volts, 50 cycles,
single phase.

I wish to know how fo start this machine.
The motor appears to belong to some gun
indicating gear, as iis makers are connected
with such work, and 1t has geaving attached
to give about a 50-I reduction. A diagram
of starting and running connections would
be appreciated. The six coils have two
leads each, and ave of approximately the
same size and wound with approximately
the same gauge wive.

H. O. C. (Devon.)

Your correspondent is in error in
describing his instrument as an A.C. motor.
The instrument is part of the receiver of a
“{ollow the popinter ” range transmitter

as used in the Navy and Garrisons. In
use as above one lead from each coil goes
to a common terminal, the other leads
being connected to a type of commutator
operated by hand. Each contact causes
the rotor to revolve one-sixth of revolution.
I have successfully converted one of
these instruments to run as an A.C. motor.
Coils should be connected in series, so
that adjacent coils are opposite polarity.
The four-pole rotor should be scrapred
and a new one fitted, built up of “ stalloy
or soft iron discs to the same width and
diameter as original. It will be necessary
to reduce the size of bearing spindle to

3

37
To start as a motor, it is necessary to

give spindle a smart twist, or by winding
a piece of cord after the style of a spinning
top. Very little power is develored, and
it is doubtful if it could be put to any
practical use. W. H. R.

This moter is not, as your correspondent
supposes, a 220-volt. It is a 20-z24-volt
Vickers step-by-step range receiving
motor, used in older ships of the Navy,
but now practically obsolete. The motor
has to be used in conjunction with a hand-
operated ‘
transmitter,
for which Tam
enclosing the 2
diagrams,
both pictorial
and diagram-
matic, these, T
think, making
the operation
quite plain.

The coilsare
the same size - —
as  H.0.C. 0 e roeted fron hardls
mentions, and 75" L
are joined in
pairs in series,
a common
return for the
threepairs,
but a separate
supply to
each.

That I think is all the explanation there
is, the remainder of the information can be
obtained from the diagrams.

C. W. NEeIGHBOUR, A.B.L.T.O.

Motor
Generator

One revolution of transmitter moves
armature 90° in 15° steps.
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Electrolytic Battery Charger.

I should be obliged if vou woula let me
know whether the following change in the
design of the elecirolytic battery charger

X Lead
@——O 7'af7§a/um

\r Lead

described in the [ume issue would have anv
effect on the working or output. The modified
scheme vesults in the saving of one strip of
tantalum and resulls in a considerable
saving in cost. C. N. MARsTON. (Halifax.)

Unfortunately, your natural desire for
economy of tantalum would have disas-
trous results in the circuit which you have
drawn. In acentre-tapped transformer, the
maximum potehitial difference is developed
across the extreme ends of the winding,
assuming that both are wound in the same
direction. Now, as lead has no rectifying
properties, it would allow current to flow
in both directions from one lead plate to
the other alternately.

This is not possible under the circuit
illustrated and reproduced in your diagram
marked ° original scheme.”  Here, the
current is forced along the centre tap
because a tantalum to tantalum conduc-
tivity is not possible without excessive
voltage.

If you wish to use one strip of tantalum
only, this can be done by employing the
charger as a single wave rectifier, which
gives us the original scheme less the second
tantalum electrode.

WELLINGS W. WHIFFIN,

230
50~

Adding a Screened-grid Valve to a Two-
valve Set.

What is the best way to add a screemed

grid valve to a two-valve tramsportable set

HT+12075%
%,‘[' 001 mfd or225 g
¥ < G -
§"‘ 15 =4 pu
: Wit = gid Tmfd
i > T HT~
.7~
: LT+

(detector-pentode) 7 I enclose a sketch
of the circust incorporated in the set. 1
should like to be able to add this valve with-
out awy alieraiion lo the circuit as it is now
if possible, as the set works very well, in
Jact, better than some three or four valve sets.
The high tension supply for the set 1s
fed from an eliminator ; low tension
from a 2-volt accumulator. I should also
like to know the most suitable voltages to
apply to this screened-grid valve.
W. Harr. (NW. 1)

The circuit given below is very suitable
to add to the two-valve set above, and
requires no alterations to the existing
receiver.

It may be made up either as a separate
unit or built into the present receiver,
depending on the room available. The
components required are :—

(i) Band pass coil unit.
(i) Double-gang .0005 variable con-
denser.

) Screen-grid H.F. choke.

v) 1 mfd. non.-ind. condenser.
0.1 mfd. non.-ind. condenser.

(ix) Four-pin valve holder.
New Aerva/ HT+150V

Connection
0001 4
mfd  H.EC.
600 w 0091
HI+60~+80

/7 -% = Imfd

L7
£ 00w [—L-T*

3
70 Grid Bias
=7-8 volts

The point (a) on the circuit diagram
should be connected via a ,000r mid.
fixed condenser to the detector circuit at
the point (b). Thus, if (a) is connected
to the moving vanes of the existing
.000I variable condenser, and this con-
denser is kept at a maximum capacity,
the same result will be effected.

The voltages applied to the valve should
be screen 60-80 volts, plate 150 volts.
This circuit will give excellent results and
provide ample_ selectivity for present
conditions. ARTHUR T. BURROWS.
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Our Works Visit.

We must confess that when we announced
in our March issue that a Works Visit was
being arranged for the morning of Saturday,
March 24th, we wondered how many of our
readers in the London area would be able
and willing to devote the whole of Saturday
morning to attending. The response was
most gratifying, and we found it a very
interesting experience to meet some of the
men in the Electrical Industry who support
this publication.

The name of Evershed & Vignoles was a
guarantee that there would be a great deal
of technical interest in the projected visit,
but we were surprised at the variety of work
done in this well-equipped factory, which it
may be remarked has its own power station
on the premises.

An Opportunity for an Electrical Power
Consuitant ?

We did not inquire too closely as to the
reason for the existence of this private
generating station in the heart of a busy
industrial district, but we think that there
might be scope here for a super salesman from
the E.D.A. or the local Electricity Supply
Undertaking or au Electrical Power Con-
sultant, to persuade Messrs. Eversheds to
purchase their power in bulk on favourable
terms. This is purely an expression of
editorial opinion and we trust that it will
not cause embarrassment to the people
concerned.

The general impression gained from this
Works Visit was Thighly satisfactory.
Thoroughness and good workmanship was

evident in every department we visited,
and junior workers engaged on repetition
work had not that driven appearance which
one sometimes sees in the course of these
visits. Everyone seems to enjoy their
work.

Altogether a pleasant and

well-spent
Saturday morning,

Selling Light by the Million Units.

The above is the striking title of a leaflet
issued by the E.L.M.A. Itrefers to a lecture
recently given by Mr. W. J. Jones to the
members of the Institute of Engineers-in-
Charge. The audience consisted of those
engineers directly responsible for the light-
ing of such institutions as the Royal
Exchange, large hospitals, infirmaries, public
buildings and factories of every kind.

These are key-men of the utmost import-
ance to the lighting industry, for they
represent consumers of the million-units-
per-annum class.

We compliment the author of the leaflet
on his journalistic flair,

Light and Health.

An adequate appreciation by the medical
profession of the hygienic value of good
lighting is a factor of equal significance to
the lighting industry, in increased business,
and to the general public, in increased
health. It is, therefore, cheering news to
hear that the London School of Hygiene
and Tropical Medicine and the Medical
Officers of Health Association have both
taken advantage of the facilities offered by
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the Lighting Service Bureau for the study
of lighting problems in relation to health.

A study is made by these bodies at the
Bureau of modern views of lighting and vision
and emphasis is laid on the importance, on
health grounds, of improved lighting parti-
cularly in relation to slums, schools and
public buildings. It is within the powers of
a medical officer to condemn inadequate
lighting, and this valuable propaganda
should tend to raise the standards of lighting
where they are at present particularly low.
The consequent potential gain to contractors
in wiring and equipment business and to the
supply authorities in increased load are evi-
dent.

Immersion Heaters—Another Opportunity.

It has for some time been recognised that
the use of electric immersion heaters in hot
water storage tanks provides a very useful
load for an Electricity Supply Undertaking,
more particularly in that these heaters
improve the load factor of an Undertaking,
and so facilitate low tarifis. In the next
two or three years a great number of immer-
sion heaters will be installed. Therefore,
we are glad to include in this issue an article
by Mr. E. Chisholm explaining in detail the
approved method of installing. Our con-
tributor points out that many Electric Supply
Companies carry out the work at a very low
cost, and it is noticeable that their electrician
is not expected to do the plumbing and the
plumber is not expected to wire up the
element. It may be remarked, however,
that in at least one important Undertaking,
the whole of the work is carried out by
plumber electricians, i.e., men who are
qualified both as plumbers and as electricians.
In the circumstances, we have given full
details of both sides of the work.

The public will be requiring immersion
heaters installed in large numbers in the
near future. There is business waiting for
the firms and the men who can supply this
want.

From the Public’s Point of View.

The two-part tariff prepayment meter
which has just been put on the market by
Messrs. Chamberlain & Hookham, Ltd.,
has much to commend it. One of its chief
features is that it enables consumers who
have got into arrears to obtain a further
supply of current before the accumulated
arrears have been paid off. Another in-
stance of good psychology!

Utilisation of Electricity.
Other articles in this issue of interest in

connection with the utilisation side of the
industry are ‘“ Testing a Completed Wiring
Installation,”” ‘ Care of A.C. Contactor
Control Equipment "’ and ‘‘ Reversing Elec-
tric Motors.”” Sub-station engineers will be
particularly interested in the article begin-
ning on page 401, which gives practical notes
on the Care of Rotary Converters.

Questions and Answers.

Each month we notice increasing interest
in tnis section of the magazine. If all
questions were published, it would be possible
to fill two or three times as many pages as
are at present occupied by them. Amongst
the letters received this month was one from
a reader in Reykjavik. Another was from a
reader in South Australia. All letters,
whether published or not, receive careful
attention, but we must ask readers to forgive
a certain amount of delay in replying to
queries, especially when the matters have
to be referred to experts.

The Croydon Wireless Beacon.

In conformity with our practice of keeping
readers in touch with developments in all
branches of electrical engineering, we are
publishing this month an interesting article
explaining the operation of the Directional
Wireless Apparatus which is now in use at
Croydon, in guiding pilots who wish to land
under conditions of poor visibility, owing to
mist or fog. This innovation has removed
one of the chief hazards associated with
commercial flying.

Is it Possible to Sell Electric Fires in Summer 2

We have heard the opinion expressed that
it is no use trying to sell electric fires during
summer months. On first thoughts this
appears to be a perfectly reasonable state-
ment, but is it ?

One of the great advantages of the electric
fire is its convenience in that it can be
switched on or off at a moment’s notice.

If electric fires have any disadvantage
it is that they cannot compete with a coal
fire for economy if they have to be used from
early morning to late at night. Therefore,
it would seem that conditions during summes
are at least as favourable to the sales o:
electric fires as in winter. In warm weathe:
it may be only necessary to heat a room fo
two or three hours a day. To light a coa
fire under these conditions is extravagan
and troublesome. The electric fire is just
the thing.

We should be glad to hear from reader:
who are interested in this.
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The reeds
are virtu-
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forks whose
size and
shapemake
them vi-
brate only
at a given
frequency
per second
—thelarger
the fork,
for in-
stance, the
slower will
be its

. HEADPHONE
. JACK

beacon. A
special  “ reed
bias”’ control
is, however, fit-
ted which ad-
justs the reeds
so that the
aircraft  each
fly a little to
the right of
the track, thus
clearing each
other.

How the Pilot’s
Reeds Work.

Fig. 6.—How LiNgs oF EquaL
STRENGTH ARE DMEa-
SURED.
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WHICH AN ‘‘ INVERTED L *’ AERIAL IS SPECIALLY
EFFECTIVE.

natural speed of vibration, the smaller it
is the faster being its natural period of
vibration.

The two periods of vibration which
have been chosen for the pilot’s reeds
have for electrical and mechanical con-
venience a difference of only 22 vibrations
per second, one reed vibrating at about
65 per second and the other (the right
reed) at about 87 per second.

Fig. 4 shows how the reeds are elec-
trically maintained in vibration and how
each reed picks out the vibrations to which
it is sympathetic. Near each reed is a
magnet through the windings of which
flows a current which is composed of two
modulated components, one of 87 and the
other of 65 vibrations per second. The
size and design of each reed prevents
that particular reed taking any interest
in the period of modulation to which
it is not mechanically tuned. The 87
cycle reed is, for instance, not affected
by the 65 cycle output from the aircraft
receiver nor is the 65 cycle reed affected
by the 87 cycle modulation from the
receiver.

The two magnet coils are, therefore,
in series and they both carry 87 and 65
cycle currents, the reeds automatically
sorting out the frequency to which they
are mechanically tuned.

How the Radio Beacon Transmitter Works.
The radio beacon itself is an ingenious

combination of two focused wireless
beams carefully arranged to be of equal
strength and the double modulation of
those two beams, at about 65 and 87
cycles per second.

One of the two focused elongated beams
of signal intensity is modulated at 65
cycles per second and the other at 87
cycles per second, both are on the same
wavelength, so that the receiver on the
aircraft has to receive one wavelength
only. Fig. 3 shows the area covered by
the two beams of signal strength with
special reference to the shaded portion
which is the area where the two rays are
of equal intensity (only a few yards wide
at the edge of the aerodrome!).

It will be seen that the shaded portion
is actually composed of the over-lap of
the two separately focused beams, one
modulated at 87 cycles per second, and
the other at 65 cycles per second. This
is the correct track of the beacon.

The radio receiver in an aircraft flying
in this area therefore, receives both
the 65 and 87 cycle modulated waves at
equal intensity, thus vibrating the reeds
on the pilot’s dial equally, telling him he
is on the correct track. If he is on the
right of the track, his receiver aerial is
in the signal area of the signals being
modulated at 87 cycles per second, so
that the output from his receiver will
consist chiefly of 87 cycle pulses, so that
the right-hand reed on the pilot’s dial

MAX. NO SIGNAL
SIGNAL  _--—~~< N LTSN
g AN Ve \\
s N s
// N \\
/ Y/ \
~ !
k\ ; f
AN s
\\ 4
S’ Y TNSee- “ MAX.
SIGNAL
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Figs. 8A and 88 —SHOWING THE VERY MARKED
‘“ FIGURE oF 8 7 DIRECTIONAL PROPERTIES OF
THE FrRAME orR LooP AERIAL.
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GULAR TRANSMITTER AERIALS.

will vibrate more vigorously. If the
aircraft is on the left of the track, i.e.,
in that area covered by the ray modulated
at 65 cycles per second, the reverse will
be the case and the pilot will ease his
rudder to the right to bring himself back
into the track again where the signals from
the two rays are equal and overlap each
other.

How Wireless Transmissions are
“ Focused.”’

Every aerial, with the exception of a
purely vertical aerial, has in the hori-
zontal plane some special direction in
which it is most interested, that is to say,
its signals are stronger over a given area
in particular directions.

A purely vertical aerial theoretically
radiates a signal strength equally round
the situation of the aerial (Fig. 5), except
for certain aberrations caused by pecu-
liarities of the countryside, and other
considerations of a like nature.

How Lines of Equal Signal Strength are
Measured.

One method which is employed is to
move slowly outwards in a car cartying a
calibrated receiver on certain compass
bearings measuring periodically the signal

T1GURE oOF 8"’ EFFECT
Cax BE PRODUCED BY AN ARRANGEMENT OF Two TRIAN-

radiated from the aerial.
All  points of equal signal
strength are noted and are then
plotted out on a map and con-
nected together. Fig. 6 shows
the scheme. The car is shown
moving out from the transmitter
in a north-easterly direction
measuring as it goes, and four
lines of equal signal strength
~ are shown which combine to
\ form a sort of contour map of
\  the transmission, the lines repre-
senting equal signal strengths
instead of height above sea level.
It will be noted that there is
/aslight kink in the north-westerly
S direction which might be caused
e by peculiarities of the country-
side, such as hills or wooded
country or even the electrical
“shadow ” of one of the masts
of the transmitter.

Other Kinds of Aerial.

The fact that it is possible in this way
to map out strengths of signal from a
transmitter enabled the designers of the
Croydon Beacon to produce aerials which
would transmit in certain directions only.
Figs. 74 and 7B show, for instance, the
direction in which an “inverted L7

CONDENSER
BOX

X R RRRRS

R

XXX

XX

XX

SEARCH
CoIL E

Fig. 10.—How THE Two TRIANGULAR LooPS
FixED AT RIGHT ANGLES To ONE ANOTHER CAN
BE COUPLED TO A SWINGING ‘‘ SEARCH COIL.
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aerial such as
is used by most
listeners 1is
specially effec-

WH

tive. Notice
how it tends
to be more TRANS- TRANS-
efficient in a MITTER M MITTER

direction point-
ing away from
the end of the

[

-

. . g 877
aerial which is MOBDULATION
not attached to PULSES

87v
GENERATORS. CONVERTOR

the lead-in wire.

Figs. 8a and
8B are specially
important with
regard to the
Croydon Bea-
con. Theyshow
the very
marked * figure
of 8" directional properties of the frame or
“loop 7 aerial, such as is used in portable
receivers and they demonstrate clearly
why a portable set has to be twisted round
on its turntable to get the loudest signals
from a distant station.

Within practical
limits, what is true

MASTER OSCILLATOR
WAVELENGTH CONTROL
VALVE . KEEPING BOTH
TRANSMITTERS"ON WAVE"

RoTaTABLE COUPLING '‘ TRACK

ble

ure.

the Croydon Beacon itself (Fig. 1},
notice that the loops of signal
strength shown for the beacon
in Fig. 3 are very similar to those

shown in Fig.

9, except that they

have been focused outwards and
considerably elongated.

How the Wireless Beam can be
Moved Round Electrically.

If it were
to swing the

physically possible
whole aerial and

mast, shown in Fig. 1, the equip-
ment could be made to receive
or transmit in any direction.

GONIOMETER HANDLE.

ICH SWINGS THE

COUPLING COILS
A\BETWEEN THE AERIALS

KEEPING SPEED OF
GENERATORS

ABSOLUTELY CONSTANT

65 FORK
MODUL ATION
PULSES

SPECIAL AC.
FIELD WINDING

65v MOTOR

Fig 12— THE AcrtuaL LooP TUNING INDUCTANCES AND

Swinging’’ CoILs.

to swing a

Fig. 10

of a recelver is true
of a transmitter and
a double figure of 8
effect can be produ-
ced by an arrange-
ment of two trian-

851\,

gular  transmitter
aerials, shown in
Figs. gA and ¢B,and
in the photograph of

SrLir RINGS.

Fig. 13—REED TUNED TO 43 CYCLES PER
SECOND, VIBRATING IN SYMPATHY WITH 43-
CycLE PULSES FROM MAGNET CoiLs FED FROM

small tuning
instead of the complete aerial struct-
shows
triangular loops fixed at right angles to
one another in Fig. 6 can be coupled to a
swinging “ search ”’ coil.

This is clear-

Iy not very
practical, any-
how from a

transmitting
point of view,
although  ex-
perimental ro-
tating  trans-
mitting beacons
are being used
which are, how-
ever, outside
the scope of
these present
notes. A very
neat electrical
trick has been
developed by
Bellini, Adcock
and others to
make it possi-
coil
two

how the

How the ¢ Search”’
Coil Works.

Thinking for the
moment of the
arrangement as a
receiver and bear-
ing in mind Fig.
8B, if the signal is
coming in on say
a north and south
line, the current
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will be strongest in coils “N” and “S”
—if on an east and west line in coils
“E” and “W.”

Taking the case of the “E”—"W?7
signal, when the search coil is turned until
signals are strongest, it will be found to be
parallel with the “ E ”—“ W " coils.

The coil is shown in Fig. 11 in a position
where it is picking up half from one pair
of coils and half from the other pair of
coils, that is to say, that the signal is
arriving on a north and east bearing and
inducing currents into both aerials and
their coils. The angular position of the
coil, therefore, registers the angle or
“ bearing ”’ on which the signal is arriving,
or in the case of a transmitter, is being
sent out. Notice that the direction can be
either north-east and/or south-west.

This, however, does not matter when
two or, better still, three directional
receiving stations are used to plot the
position of a ship or aircraft.

How Directional Aerials Can Be Com-
bined.

This can be done by combining the wave
directions of two or more different types
of aerial and varying the power relations
and electrical coupling between them.

How Combined Polar Diagrams Are Used
in the Croydon Beacon.

As we have seen in Fig. 3 the
Croydon Beacon signal areas have by
careful arrangement of the aerials been so
elongated and narrowed down that the
Beacon is effective as far away as
Dungeness!

How the Croydon Beacon Transmitter is
Arranged.

The Croydon Homing Beacon is actually
a combination of two transmitters each
sending out an elongated ‘‘ figure of 8 ”
signal from their respective triangular
aerials.

Fig. 11 shows the connections at the

] 1
CONTACT HC2"9m = =3
3
i
i

FORK
CONTACTS

CONTACT *

Fig. 15.—THE IDEAL CONDITION FOR THE FORK CIRCUIT.
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ﬁ
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Fig. 14—THE Fork CIRCUIT.

Croydon transmitter of the two loop aerials,
It will be noticed that in addition to the
tuning inductances, L1 and Lz, each loop
is further tuned by two condensers
situated in oil containers at the top of the
mast and electrically in the apex of each
loop. The swinging coupling coils are
mounted on a common shaft to which is
attached the ‘‘ goniometer 7’ or ““ angle”
control.

The actual loop tuning inductances and
rotatable coupling “track swinging”’ coils
are shown in Fig. 12.

How Both the Croydon Transmissions
Are Kept Accurately on the Same
Wavelength.

It is most important that the wave-
length of both the two loop transmitters
of the Croydon Beacon are kept iden-
tically the same. Since a common receiver
is used on the aircraft, if one loop went
slightly off tune the effect would be to
weaken its signal relative to the other in
the aircraft indicator device. The result
would be that even if the aircraft was cor-
rectly on the track one reed on the pilot’s
dial would vibrate less than the other.

For this reason the two separate
transmitters are both controlled by the
same master or ‘ wavelength control
valve.”

The Importance of Accurate
Modulation.

Even if the wavelength of
the two transmitters is kept
exact, unless the modulation
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at either 65 or 87 cycles per
second is not kept accurately, the pilot
would still get a false reading on his dial
reeds. The Croydon Beacon has a
special arrangement to keep the 65 and
87 cycles modulation absolutely correct.

The Marconi Company took no risks in
this matter and installed a separate
rotary alternating current generator of
the correct frequency for each loop
transmitter. These are mechanically
coupled together and to the driving
motor convertor.

The speed of the motor driving the two
modulation alternators must be kept
correct within very fine limits, otherwise
the modulation frequencies of the two
loops will vary.

How the Beacon Transmitter Modulation
is Controlled by a Tuning Fork.

The motor driving the two alternators
is not a simple D.C. motor—it might be
more accurately described as a D.C.
rotary convertor which, in addition to
driving two separate alternators, actually
generates alternating current itself which
is tapped off two special slip rings
mounted on the same shaft.

It is this A.C. output which is used to
keep the speed of the D.C. motor constant
with the assistance of a mechanically
tuned vibrating fork.

How the Modulation Confrol Fork Operates.

Fig. 13 shows the theoretical arrange-
ment of the fork. This fork or reed
operates in a similar manner to those
installed on the aircraft, that is to say, it
vibrates only at the speed which is
determined by its physical dimensions and
character. Such a fork can be agitated
in two ways. One method is by an electrical
blow such as the pull of a magnet ; if the

magnet pulses are timed to correspond with
the natural period of the fork or reed, its
vibrations will be encouraged and it will
be maintaned in vibration, the dimen-
sional amplitude of which will be deter-
mined by the strength of the magnet
pulses. Alternatively the fork can be
kept agitating by connecting it as a
simple vibrator by means of a contact on
the fork and using D.C.

The dotted portion of Fig. 14 is the
D.C. fork exciter circuit, and it will be seen
that with the contact (C1) and the magnet
it is that of a simple electric bell.

The Fork as an Inverted Rectifier.

There are three contacts on the
Croydon Beacon modulation stabiliser
fork. As we have seen, one (Cx) is that
which keeps it in vibration, C2 and C3 are
concerned with the stabilisation circuit.
InFig. 14is shownan auxiliaryfield winding
for the D.C. end of the convertor driving
the modulation alternators. If no current
flows in this winding it will not affect the
speed of the machine—if current flows one
way it will speed the machine up and if
the other way it will slow it down. The
ideal condition is no current in this special
winding. This condition is shown in
Fig. 15.

The fork is in effect an inverted full
wave rectifier which, when operating
correctly, cuts off the -+ and — pulses from
the alternator instead of passing current.

If, however, the speed of the rotary
convertor alters, the A.C. output from
its slip rings becomes out of synchronism
with the mechanically fixed frequency of
the fork, which, instead of stopping current
flow, now allows it to flow in one direction
or the other, depending on whether the
frequency of the A.C. from the slip rings
is ahead of or behind the mechanically
fixed fork frequency.



THE PRACTICAL ELECTRICAL ENGINEER

383

TESTING A COMPLETED WIRING
INSTALLATION

By D. Winton Taoree, AM.LE.E.

HE only real test of an electric-
wiring installation after it has been
erected into position, is the test of

a long and trouble-free life. Any tests
which we can apply before the installation
is put into service, though they may serve
to show up and identify certain specific
faults, cannot, however good the result,
give an unqualified clean bill of health.
It is most important to remember this
fact. ““It can’t be wrong, it’s just been
tested "—a phrase which is not infre-
quently heard—is, in fact, quite a worth-
less statement.

Regulations for the Testing of a Completed
Wiring Installation.

The testing of a completed wiring in-
stallation is the subject of a special
section of the Regulations for the Electrical
Equipment of Buildings (Sec. 127), and in
this Section the Regulations lay down the
following tests :—

“ The insulation vesistance shall be
measured by applying between earth and the
whole system of conductors or any section
thereof, with all fuses in place and all
switches on, a direct current pressure of not

means that a pressure of about 500 volts
must be applied in order to satisfy this
Section.

“ The insulation vesistance of an in-
stallation measured as above shall not be
less tn megohms than 25 divided by the
number of poinis on the circuits, provided
that any installation shall not be required
to have an installation resistance greater
than I megohm ; lighting circuits shall be
tested with all lamps 1n place, except in the
case of earthed concentric wiving systems ;
and heating and power civcuits, with or with-
out lighting points, may be tested, if desived,
with the heating and power appliances
disconnected from the circuits, but with the
lamps (if any) in place. The insulation
vesistance between the case or framework
and every live part of each individual
dynamo, wmotor, heater, arc lamp, conirol
gear ov other appliance shall wot be less
than that specified 1in the appropriate
British Standard Specification, or where
theve is no such specification, shall not be
less than half a megohm.”

When Measuring Insulation Resistance
Between Conductors and Earth.

less than twice the working pressure. Where The first point to notice is that when

the supply is derived S

from " a_ three-wire = fera Sheath

(alternating or divect EEREEEERERERRRERL ~— [nsulation

cmrent)orbpolyphase PEREE IR EREEERES; Conduch
T — — — -—Lonaucror

system the neutral of 7 .

which ts‘conne.cted f R ERRIRRRRRRREY

to earth either direct —Metal Sheath

or through added A\

resistance, the work- 3

ing pressure shall be
deemed to be that
which 1is maintained
between the outer
phase conductors and
the neutral.”

To all intents and
purposes,

4

/ Testing sef applying

pressure of 500 Volts

~—— between Conductor

and Sheath (or Earth)

TaE PRINCIPLE OF INSULATION TESTING.
Arrows indicate the path of testing current.
L indicate minute leakage currents which, collectively, indicate the total
this 1leakage of current and hence the resistance of the insulation.

Small arrows in insulation
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Bell

For instance, it sometimes
happens that a lamp contact
develops a fault to the cap and
from there to the lampholder.
If this lampholder were on a
bracket fitting connected as it

Batteries

should be to earth, then a test
L taken without the lamp in

X =

Alrernative connection /
using a confinuify rester
shown dofted. inthis case
no Bell or Bafteries are
réquired

Condurf

|

Permanent

Farth connection

position would show no fault,
while if the lamp were in
position the fault would be
identified at the outset.

Calculations.

With regard to the actual
calculations it can be seen from
this Regulation that any instal-
lation having not more than

Cold 25 points can be considered to
Water have passed its test if a reading
pipe = of tmegohmisobtained. Inthe

case of an installation having
100 points, 250,000 ohms would
satisfy the test. In point of
fact, these values demanded by
the Regulations for the Elec-
trical Equipment of Buildings
are very easy standards to
achieve. Most engineers, if they
secured a test reading of 250,000
ohms on a 100-point installation
would not be satisfied unless

THE PRINCIPLE OF CONTINUITY TESTING.

A fault developing 1n the wiring system may possibly
cause the live conductor to come into contact with the
metal sheath. There should, therefore, be perfect elec-
trical continuity between each section of sheathing and
between the metal frames of all accessories and the sheath.
This can be tested either with a 4-volt battery in series
with the conduit under test and a bell taking atleast 2 amps.
for its operation. If connected up as shown and the bell
rings, then the resistance of the conduit under test 1s not

some special circumstances ac-
counted for this.

Effect of Dampness on Accurate
Insulation Testing.
This brings us to what is
really one of the chief difficulties
of accurate insulation testing.

greater than 2 ohms.
can be used as shown dotted.

the insulation resistance between the
conductors and earth is being measured,
all fuses must be in place and all switches
on, and where lighting circuits are being
tested, all lamps must be in position.
The purpose of this is to bring into the
circuit every conceivable conductor, so
that the test actually taken is a test not
only of part of the installation, but every-
thing which ultimately will be in service,
with the permitted exception of portable
appliances.

Alternatively, a continuity tester

Damp is one of the chief
enemies of insulation. Damp at
the same time is one of the
most noticeable features of the interiors
of new buildings in course of erection.
Since a very large number of wiring
tests are applied to installations which
have just been completed in a building
which itself has just been erected,
they are applied to an installation which is
surrounded with imperfectly dried fabric
in a building which has had no heating.
If the test is satisfactory under such
conditions it may be confidently assumed
that a test taken, say, six months later,



May

THE PRACTICAL ELECTRICAL ENGINEER

385

will be even better. For this reason, if
the test does not come up to the required
value, but is not far below it, it is sometimes
possible to arrange with the supply under-
taking to allow the building to dry out a
little before taking another test.

It is extremely desirable that, quite
apart from the statutory test applied by
the supply undertaking, the electrical
engineer responsible should take a further
insulation test after an installation has
been in service for, say, six months.
Faults may develop which, for some reason
or another, were not apparent at the initial
test, and apart from other considerations,
a second test of this sort saves money in
the long run, since it establishes as soon
as possible any faults which may be on
the system.

Indeed, the Regulations for the Electri-
cal Equipment of Buildings in a Note
state :

“ The following tests,” those referred to
above, ‘“ are intended to insure that the
installation is i1n a
satisfactory state at
the Hme of com-
pletion.  The value
of systematically in-
specting and testing
apparatus and cir-
cuits cannot be too
strongly wurged, and
such periodical tests
are essentral if the
installation is to be
maintained in a
sound condition and
undue deterioration
thereof detected . . .’

Swifch wire in
each case /s

not brought——

under /‘es/' \

bered, must be in position and all switches
closed, but this requires a little qualifica-
tion. If the supply has not yet been
connected this injunction can be obeyed
to the letter.

Isolating Supply from System While Test
is in Progress.

If, however, the supply is already
connected, it must be in some way isolated
from the system while the test is in pro-
gress, and for this purpose the only
practical method of applying the test is
to remove the two main fuses, and to test
the installation from these fuse terminals
on the installation or dead side. One
terminal of the testing set is connected to
the two main conductors (in the case of a
three-phase system, three main con-
ductors) collectively, and the other ter-
minal is connected to some known earth,
such as a water-pipe. If the test so
secured is good, that is to say, is above
the minimum insulation resistance per-

L
3 Lamp removed

— /  Swifch open
N
/

o :9 Lamp removed

/ Switch open

Now let us just con- ?
sider the actual B
principles involved
in taking an insu- |
lation test.

—

Test Between all

Conductors and
Earth. .

The first and most *
important test is
between all the

conductors and
earth. Fuses, it

should be remem- not brought into the test.

o

Cold Water pipe

P

Tue INCORRECT METHOD OF MAKING AN INSULATION TEST.
Since the switches are open and lamps are removed the switch wires are
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Lamlas

=
y Switches
Q

&o

Fuse boards

Main Fuses oul
and Main Swifch—""
open

e

spall W

Sub Distribution

r 0Ol Fuse board
B o iy G

manner (though
it should be noted
that there are
Very many com-
binations which
willgive the same
result) is to re-
move one pair of
fuses from the
main distribu-
tion board. If
the test is taken
and the fault
remains on, then
a second pair
should be re-
moved, and so on
until the fault
clears and the
test comes up to
standard. It
will then be
apparent that the
last fuses to be
removed before
the fault was
cleared are those
controlling the
circuit in which
the fault Les;
that is, assuming

Q Q10 O

L8](8]6—

Main
Distribution

H L

Cold Waler——+
pipe

THE TEsT BETWEEN ALL CONDUCTORS AND EARTH.
In the case of an installation to which the supply has already been connected,
the main fuses should be removed and the main switch opened.

mitted, no further steps need be taken
in this connection, though it is wise,
and recommended by the Regulations for
the Electrical Equipment of Buildings, to
take a further test between the conductors,
that is to say, having one terminal of the
testing set connected with one main
conductor, and the other terminal with
the other main conductor.

How to Find Where a Fault Lies.

If the test on the first occasion—that
between the bunched conductors and
earth—is not up to the required standard,
it is necessary to start the process of
elimination which ultimately will identify
the sub-circuit in which the fault lies,
and further, in which part of that sub-
circuit it ies. For this purpose, the simplest

that the previous
removal of pairs
of fuses did not
materially affect
the test (beyond

the slightly increased resistance which
will automatically result from throwing off
circuits), for one has always to bear in
mind the possibility of more than one
fault on more than one circuit. .

An alternative method, after the initial
test on the whole system has shown a
fault, is to remove all the fuses from the
main distribution board and to connect
up each circuit in turn by replacing one
pair of fuses at a time, and removing these
and replacing them in the next pair for
each successive test. This method is
longer, but perhaps rather more definite.
It is most important when taking these
tests to note down every reading taken,
whether it is good, bad or indifferent.
A record of this sort is very useful for
subsequent reference.
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What to do
When Main
Circuit Con-
taining Fault

Fault fo Earth _l:__

M

has Been o o ° o
Traced.
Having es- g o) o o ]
tablished which
main circuit [© oy [O C_]
contains the
fault respon- °© o o

sible for lower-
ing the general

T - the Switch Feed

on which we
have estab-
lished that
there is a fault,
we must, if we

can, establish
e upon what sec-
tion of that

sub-circuit the
fault lies. Each
sub-circuit  is

Only section
under fest is

insulation resis-
tance, this main
circuit alone

should be Water /0/;08

divided into
d three well-de-
E’ 1 fined sections

in the case of
lighting sub-
circuits. They

L

allowed to re-
main connected
through its pair

TaE FINAL STAGE IN TESTING WHEN FAULT HAs BEEN
TRACED TO A SUB-CIRCUIT. )
By opening the switch, the tault 1s rleared, thus proving

are the switch
feed, the switch
wire, and the

of fuses with that the fault must lie on switch wire or black feed. black . feed.
the point of  Actually it 1s 1n the latter so that the closing of the switch  The switch feed
test. Now that and removal ot the lamp will indicate this. is the live
we have one wire running to

sub-distribution board only in
the system so far as our test is con-
cerned, our main distribution board is
acting merely as a link in connecting our
testing set with the sub-distribution board
which is the cause of the trouble. There-
fore, we apply our successive tests by
removing or inserting fuses exactly in the
same manner as we applied it in the
case of the main distribution fuseboard
when we were endeavouring to find which
main distribution circuit was at fault.
In this case, however, when we identify
the location of the trouble we have got
down to a sub-circuit. And once again
we leave only these sub-circuit fuses in
position.

It will be realised that as there is usually
a considerable distance between the sub-
distribution board and the testing set
at the main switch, we shall either require
two people to co-operate in the testing,
one to alter the position of fuses and one
to record the test, or else we may, as we
eliminate all but one circuit on a particular
board, move our testing set up to a position
adjacent to the fuseboard which we are
actually testing out.

Tracing the Fault in the Sub-circuit.
Now that we have an individual circuit

one side of the switch; the switch wire
is the wire running from the other side of
the switch to one side of the lamp; and
the black feed is the neutral or dead wire
representing the other leg of the circuit and
running to the other terminal of the lamp.
Since our switch can open or close the
circuit, and since by inserting or removing
our lamp we can open or close the circuit
at the lampholder, we can isolate any of
these three sections. Our method of
test, therefore, is now slightly different
and we should start by connecting one
terminal of our testing set to either of the
two wires (black and red) going away from
the sub-distribution fuseboard. The sub-
distribution fuses, of course, should be out,
and it does not really matter to which side
we connect our testing set. Let us assume
that we have connected it with the red
wire, that is to say, the switch feed.

First Test with Lamp in Position and
Switch Closed.

First of all, our lamp will be in position
and our switch will be closed, since that
is the position in which all these accessories
are for the general test. Let us test once
more to establish the fact definitely that
there is a fault on this circuit. Our test

reading perhaps shows zero, in other words
3B
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a complete connection or contact between
the conductor (which should be insulated)
and earth.

Now Open Switch and Test Again.

Let us now open the switch—turn it off
—and take the test again. If this time the
fault is cleared and our test is good, we
have established the fact by eliminating,
as we have done, the switch wire (from
switch to lamp) and the black feed (from
fuseboard to lamp) we have cleared the
fault, therefore the fault must have been
on one of those two sections. In this case,
we must close the switch and remove the
lamp, so that we have now eliminated only
the black feed, leaving the switch wire and
the switch in circuit. If we take the test
again and the fault is cleared we have
established that the fault lies in the black
feed. If, however, it is not cleared by
isolating this last section, we can
assume that it lies somewhere in the
switch wire.

Beyond this point our testing set is not
of any serious use to us, but we have,
without interfering with any part of the
actual installation, established that the
fault which has caused the general failure
to come up to the standard required by
such test, lies on a section of cable probably
not more than 15 to 20 feet in length.
The actual finding of this fault is a matter
of practical wiring and does not properly
come within the scope of this article.

Put into print in this manner, helped
out with the diagrams which may make
the matter a little clearer, the process of
progressive isolation applied in the case
of testing a wiring installation may appear
to those who have not carried out this
work to sound and look rather complicated.
If such people will bear in mind, however,
that the testing set is nothing more than
a generator which is applying a very big
voltage to one conductor in order to
establish how much leakage this big
voltage will cause to another conductor—
the earth—and that this fixed principle is
unalterable in insulation testing, not only
will the methods described herein become
clearer, but it will be found possible for
each operator of a testing set to work out
his own method of applying this principle
of progressive isdlation—for there are
dozens of different practical methods of
applying the test, all of which subscribe
to precisely the same principle.

In conclusion, it should be emphasised
that every supply undertaking in the
country has statutory permission to
operate as the sole supplier of electricity
in a given area, provided that it adheres to
certain statutory Regulationsin the matter.
One of these Regulations ordains that it
may not connect the supply to the con-
sumer’s premises until it has satisfied itself
by test that the state of insulation of the
wiring system reaches the standard laid
down.

HIGH PERMEABILITY ALLOY

A new “low loss” alloy possessing
exceptionally high permeability is known
as Mumetal. It has a specific gravity of
8.61. The ultimate strength is 4o tons
per sq. in. The vield point is 20 tons per
sq. in., and elongation 235 per cent. on
51ins. Theelectrical resistivity of Mumetal
is 45 microhms per c.c. The magnetic

permeability depends upon the heat-
treatment, but it has an initial permeability
up to 24,000 and a maximum value up to
120,000.

The losses are only a fraction of ordinary
transformer iron. Mumetal is obtainable
in the form of sheets, rod, wire and
stampings.
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Fig, 14—GRAPH SHOWING HEAT LOSSES FROM
30-GAL. TANK IN WHICH WATER 1S MAINTAINED
AT 160° F.

possible and when all of them have been
drilled the centre part can be knocked
out.

It is necessary to use a file to clean up
the hole and remove the burred edges.

An Improved Hole Cutter.

An improved hole cutter is now on the
market, and this tool enables the holes to
be cut with scarcely any filings or chippings
falling into the tank. The description of
the operation of this tool is rather long
and difficult to understand without demon-
stration, but Fig. g gives some idea
of the method of cutting. Fig. 10 shows
the work completed.

Remove All Metal Chippings from Inside
Tank.

At this stage a very important part of
the work has to be undertaken. The
reader, will of course, have realised that it
is quite impossible to prevent a certain
amount of metal from falling into the
tank during the cutting operations. It is

essential that the manhole cover is now
removed and the tank carefully cleaned
out so that no trace of metal chippings is
left inside. If this work is not done the
filings will rust, setting up a chemical
action, and in the course of a very short
space of time the tank walls will become
pitted, rendering the tank useless for
further service.

This point is particularly stressed, as
unless this work is very carefully carried
out there will be a possibility of break-
down and consequent inconvenience.

Next Fit the Flanges to Each of the Holes.

Having cleaned out the tank, flanges
should be fitted to each of the holes, rubber
insertion being placed between the flange
and the tank. The purpose of the flanges
is to reinforce the wall of the tank, and it
is most necessary that they are fitted in
all cases except where the tank is of £ in.
or more in thickness. In such cases a
back nut is fitted to the element.

The fixing of the flanges is quite simple.
The 1}-in. flange usually has four holes
ready for the reception of galvanised
8.in. Whitworth bolts, and the 4-in.
flange drilled with three similar holes.
Needless to say, washers should be fitted
to the bolts, and the nuts tightened up as
much as possible in order that there may
be no possibility of leakage. (See Fig. 11.)

Fitting the Element and Thermostat.

The element is now screwed into the
larger flange, whilst in the case of the
thermostat only its detachable sheath is
fitted at this stage. It is essential that
this sheath is properly fitted (see Fig. 12)
before the thermostat is pushed into
position and secured by means of the set
screw provided (Fig. 13).

In the case of cylindrical tanks, the
installation is exactly the same, but, of
course, it is necessary for the flanges to be
radiused to suit the curvature of the tank
wall.

WIRING.
The heater should not be operated from
a plug point. All wiring should be per-
manent and carried out in accordance
with the wiring regulations of the Institu-
tion of Electrical Engineers. The follow-
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ing table shows the recommended cable - :
sizes for various elements on 1I0 and !
230 volt circuits. !
REcOMMENDED CABLE SIZES FOR VARIOUS Immersioti |
ELEMENTS ON IIO AND 230-VOLT CIRCUITS. Healer 1
(Frame earthed) |
Loading of ‘ Recommended
Element Voltage. Cable for
kW, Wiring. - 1
| Thermostat !
2 \ 110 7,.036 (Frame earthed)
2.5 | 110 7/.044
3 I 110 7/.052
4 110 7/.004 Insulated
5 | 110 19,'.052 Switch
2 230 3, .036
2.5 230 77.029
3 230 7/.029
4 230 7/.036
5 ‘ 230 7/.044
One side of the supply should be con- Fuses
nected to the heater, the other pole (the !
“live ”’ side) should be broken through !
an insulated switch of suitable capacity !
placed near the immersion heater, the Dsﬁ/%%” i
switch being connected to the thermostat, !
the thermostat to the other side of the Lwe”or phase Seutral  —=rarth
heater. No switch or fuse controlling a side of supply eutra =

water heater should be installed within
reach from a bath. (See Regulation 100A
of the I.E.E. Regulations for the electrical
equipment of buildings.)

It is recommended that the wiring in the
linen cupboard should be carried out in
asbestos-sheathed fireproof cable.

The whole installation should, of course,
be controlled by a double pole iron clad
main switch and fuses placed within
6 ft. of the supply company’s service
termination.

Earthing.

Do not forget that the metallic covers of
the immersion heater and thermostat
must be suitably earthed. The earth
wire should be connected to the main cold-
water service pipe, and all hot-water pipes,
secondary cold-water and waste pipes in
tha bathroom should be bonded to it.

Efficiency of Installation.

The thermal efficiency in the case of
most immersion heater installations is in
the neighbourhood of 80-85 per cent.
The loss of efficiency is due to radiation
loss from the tank and the piping con-
nected to it. This loss may be consider-

Fig. 15—THE WIRING FOR A TypicaL IMMER-
S1I0N HEATCR INSTALLATION.

ably reduced by lagging the whole of the
outside of the tank with a suitable insulat-
ing material.

The simple graph shown in Fig. 14
illustrates the heat losses from a 3o0-gall.
hot-water tank in which the water is
maintained at 160° F. It will be seen from
this graph that an unlagged tank will
radiate 600 watts continuously. With
2 in. of good lagging this loss can be re-
duced to 100 watts, whilst with 4 in. of
insulation the loss is 50 watts only.

Lagging the Tank.

The tank is covered on all sides with a
thickness of at least 3 in. of cork wool,
a rough framework of wood being made
round the tank, and the cork retained in
position with suitable canvas.

The reader may consider that this
lagging is perhaps an added refinement
to the installation. This, however, is not
the case. The importance of careful lag-
ging or heat insulation of the hot-water
tank cannot be over-emphasised.
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PRACTICAL CONSTRUCTION OF A SMALL

ELECTRIC

FURNACE

By A. G. Arenbp

ROBABLY one of the most difficult
P jobs which a practical electrical
engineer may be called upon to
perform is that of setting up and
operating a small electric furnace. The
reason for this is not so much the com-
plexity of the work itself, as the difficulty
of acquiring reliable practical details,
as taken from actual working furnaces.
This will readily be understood since
most furnaces on the market to-day are
patented, or proprietary articles, and
secrecy is naturally observed. No stan-
dard work exists on the construction of
electric furnaces, although a small library
of books has been published on the
theory, the method of manipulation, and
the extent of performance of these hearths.
At the outset, to fully appreciate the
reactions which occur, so as to set up the
furnace in the best approved manner, it is
desirable to have some knowledge of
electro-chemical and electro-metallurgical
theory. When this has been gained
calculations of the dimensions are com-
paratively simple. The class of electric
furnaces referred to are those employed
for the making
of different
chemical pro-
ducts, which
necessitate a
high-thermic

hearth has to be used for the various
experiments.

Once a good standard type has been
attained this is copied for all future
experiments, and the following details
are taken from one of these.

The small size of the furnace must not
be unduly criticised, as it permits of easy
control, and the means of rapid alterations,
should it be desired to try out some new
experiment, and one on which calculations
may be made for large scale operations.

The Carbon Rods.

The carbon rods used as electrodes are
taken from arc-lamps, which should be
milled by carefully working in a lathe
until the desired diameter has been
reached. In order to avoid calculations
these were milled to exactly {-inch in
thickness. This exposes a surface to the
charge which by calculation requires
approximately 40 amps. (This is approxi-
mately equivalent to 3.800 amps. per
square inch).

The same rod is capable of carrying a
much greater current densityv if it should

reduction.
These include

carbides, cyan-

ides, carborun- F

dum, and
numerous other

compounds.

The prelimin-

ary work on all

such processes
is conducted on
a small scale,
and hence a

type of small E, asbestos discs.

Z

CONSTRUCTIONAL DETAILS OF SMALL ELECTRIC FURNACF
A, carbon rod. B, carbon blocks.
F, terminals.

D, }-in. fireclav lining.
H, ring mounts.

C, canister.
G, powdered charcoal.
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be required, that is, without alteration.
At the temperatures which are required,
the voltage necessary to drive a current of
one amp. through one square millimetre
of carbon rod is approximately 0.4 volt,
or slightly less than this figure. Hence
the electromotive force which is necessary
to overcome the resistance of a carbon rod
of }-in. diameter and 2 in. long at the
foregoing density, ranges from 12 to 18
volts,

Why the Use of Smaller Currents is not
Advised.

From a purely practical standpoint
it is a good plan to operate the small
furnace at not less than these figures.
Various practical difficulties are liable
to arise if smaller currents are used, as
the thin carbon rods are readily broken,
and become burned through by the oxygen
of the metallic oxides whichmay be present.
The presence of excess carbon in the sur-
rounding mixture is not sufficiently active
to prevent this oxidation, and this point
must not be overlooked. The small
carbon rods are, therefore, milled and cut,
and the dimensions checked with a micro-
meter.

The Electrodes are Attached to Small
Carbon Blocks.

The difficulty of suitably holding small
electrodes has long been appreciated, and
for experimental furnace work it is more
satisfactory to dispense with these alto-
gether, and revert to the earlier practice
of simply directly attaching them to
carbon blocks from which the current may
be directly led in. These blocks are cut
out of solid graphite, and terminals
embedded in them, to which the leads are
attached. The inner sides of these blocks
are insulated with asbestos millboard,
which is cut out whilst the latter is wet
in the usual manner.

This insulation prevents a passage of
current of unknown quantity, and ensures
the carbon rod being entirely responsible
for leading the current into the mixture
to be electrolysed.

Making the Connections.
The small furnace is made up of a
canister, which has two discs cut from the

sides, to permit of the introduction of
the carbon blocks. Ring mounts are
screwed on to the outside of the canister
to ensure that the blocks are firmly held
in position.

When first tried the ring mounts them-
selves were screwed, so that the blocks
could be screwed into position, but this
meant that the soft carbon had to be
specially handled in a lathe, and the
method was abandoned, although it was
recognised that such a method allowed of
screwing up with greater precision.

Plain ring mounts were attached, the
carbon blocks fitted into position, and the
inner side of the canister lined with fire-
clay. A hole -in. in diameter is drilled
in the centre of either carbon block,
and the carbon rod sandpapered, and then
fitted between the two blocks. Two
asbestos discs are cut out, each ,%-in. in
thickness, and pressed into position,
““ hard-up ”’ against the sides of the blocks.

This totals a thickness of -in., which
means that the length of the carbon rod
as exposed to the mixture for fusion is
reduced this much. Starting with a rod
2 in. in length, this means that the effective
length of the electrode is 1§ in. in length,
or approximately 12 in. long. Itisthusan
easy matter to construct a resistance which
will be suitable for the currents applied
in any experiments, and charges are made
out accordingly.

A piece of thin cardboard is cut out,
and rolled into the form of a cartridge.
The charge to be worked in the furnace
is placed in this cartridge, and wrapped
round the carbon blocks, so that the
carbon electrode exists in the centre of the
mass.

Outside the cartridge, the fire-clay lined
canister is filled with charcoal powder,
which is the final operation prior to working
the charge.

The Current.

To get a current of 4o amps. it is
necessary to convert any ordinary current
available from the main supplies. The use
of motor generators can always be resorted
to, but this is a costly measure for a small
furnace, and a better plan is to make
a small improvised generator for the
purpose, so that any number of amps.
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will be available for those small require-
ments. The capacity inside the cartridge
represents the capacity of the charge.

From experiments done it was found
that about 75 per cent. of the amperes
were efficient. The voltage which dis-
appeared in overcoming ohmic resistance
largely depends on the nature of the
charge fused, and varies to some extent.
Practically any class of metallic oxide
may be reduced in this class of furnace,
whilst carbides and different chemical
compounds are made with great ease, as
the high temperature never fails.

Operating the Furnace.

To operate the small charge the con-
stituents are weighed out in their required
proportions, on a balance, with great
accuracy. After thoroughly mixing
these are packed into the cartridge, and
what surplus remains over is also weighed,
so that the exact quantity of the charge
is obtained.

The space outside the cartridge is then
packed with powdered charcoal. The leads
are then attached to the terminals, and the
current applied.

The time required to fuse the mass,
irrespective of its refractory nature, is
comparatively short, as a result of the
intense heat developed in the small space.
When the reactions have been completed,
the current is disconnected, and the
furnace allowed to cool down. The
charcoal powder is then emptied out, and
the fritted mass inside the cartridge
examined. Even the most refractory of
metallic oxides are reduced to the
metallic condition by this treatment, and
the carbon rod will be found surrounded
by a mass of metal of the most infusible
character, or, alternatively, by some very
difficultly reduced material, as the case
may be,

The conditions of the furnace prevent
the possibility of an electric arc being
formed, and in the absence of any break
in the conducting circuit within the charge
mixture, the occurrence of electrolytic
decomposition is also negatived.

The Water-Turbo Set.

The cheapest way of getting the current
is by means of a small direct current
dynamo, driven by water power. The
dynamo should be “shunt” wound, and
be fitted with a laminated cogged drum
armature, wound in as large a number of
sections as possible in accordance with its
size. It should be fitted with adjustable
brush gear and lubricators on both bear-
ings, sufficiently large to accommodate
the necessary oil, as the speed will not be
much under 3,000 revolutions per minute,

The temperatures of the fusions con-
ducted will normally be so high that
pyrometers will be of little assistance, and
it is better to take a rough estimate from
the number of amps. applied. When
working in this way a small switchboard
is necessary, furnished with an adjustable
resistance unit, which allows of a suitable
range of amps.

In order to work the small charge on a
thoroughly scientific basis, the time that a
fixed number of amps. are applied should
be noted and the resistance which the mass
will set up to the passage of the current.
From this the high temperature which
will be produced may be calculated, and
this can be checked by the time taken to
melt refractory materials of known high
melting point.

The small water-turbo set is the only
expensive item in the whole outfit, and
the number of high-temperature experi-
ments which may be conducted is almost
unlimited.
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REVERSING

ELECTRIC MOTORS

By C. HARGREAVES

T is often necessary to reverse the
direction of rotation of electric
motors.

The direction of rotation of a direct
current motor depends on the direction
of the main magnetic field and the direc-
tion of the armature currents in the
conductors cutting across the field.

+
L
F
*A4
Series Turns on Field Foles /
GFf Compound Wound) Startor

= REVERSED

DiagraM oF CONNECTIONS FOR SHUNT WOUND
or CoMPOUND WOUND MOTOR, BEFORE AND
AFTER REVERSAL.

D.C. Motors.

If either of these be changed the motor
will Tun in a reverse direction, therefore
we get the law : To reverse the direction
of rotation of a D.C. motor, reverse the
connections to the field or armature ; but
not to both. If both connections are
reversed the motor will run in the same
direction.

Compound Wound Motors.

A compound wound motor has two
windings on the main poles; the shunt,
a thin wire coil and the series, a thick wire
coil carrying the main current.

These coils magnetise the poles in the
same direction, so that when reversing
rotation by changing the shunt connec-

M—«%

REVERSED
- +

SERIES WOUND MoTor SHOWING CONNECTIONS
BEFORE AND AFTER REVERSAL.

tions, care must be taken to change the
series connections also.

To avoid mistakes which will result
from the neglect of this precaution, it is
preferable to reverse the armature con-
nections.

Interpoles.

Interpoles are another snag for the
unwary who, after reversing the armature

e ) ) =
[ pa—
C
REVERSED Rorarion
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CONNECTIONS FOR COMPOUND WOUND INTER-
POLE MOTOR BEFORE AND AFTER REVERSAL,
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connections, are puzzled to find bad
sparking at the brushes.

This is because the interpoles have now
the wrong polarity for the direction of
rotation.

Treat the interpole coils as part of the
armature winding, and all will be well ;
when armature connections are reversed,
reverse the interpole connections also.

A.C. Motors.

In alternating current motors different
conditions prevail. The rotation is pro-
duced by the stator windings setting up a

rotating field which pulls the rotor after it.

To Reverse Rotation of A.C. Motors.

To reverse rotation, the rotation of the
magnetic field must be reversed. In a
single-phase motor of the split-phase type
do this by reversing the connections to
the starting winding. To reverse a two-
phase 4-wire motor change the connec-
tions of one phase only; in a two-phase
3-wire motor change the two outer wires.
A 3-phase motor has its rotation reversed
by simply interchanging the connections
of any two wires.

APPROXIMATE CURRENT TAKEN BY

SINGLE PHASE MOTORS OF AVERAGE

EFFICIENCY.
i
X ANPERES.
H.P. of Motor.
\ 200 Volts. 346 Volts. 400 Volts. E 500 Volts.
1 ‘ 7 4 4 3
2 l 15 8 7 6
3 [ 22 13 I 9
4 ’ 29 17 15 12
\
5 ‘ 2 17 15 12
6 \ 34 20 17 14
7} ; 43 25 22 17
10 I 55 32 28 22
12 ‘ 66 ! 38 33 27
15 ‘ 8: ] 48 41 33
20 \ 107 62 54 43
25 | 134 78 o7 54
30 ‘ 161 93 8o 64
35 . 187 108 94 75
40 214 124 107 86
45 f 241 139 121 97
50 265 153 132 106
60 317 184 159 127
70 370 214 185 148
75 392 227 196 157
80 418 242 209 167
90 471 272 235 188
100 523 302 262 209
110 575 | 332 288 230
120 627 363 314 251
130 630 393 340 272
140 732 423 366 293
150 784 453 392 314

(With ackwowledgments to * General Information,” tssued hy W. T. Henley's Telegraph Works
Copmany Ltd.)
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should be taken afterwards to remove all
dust with a clean dry cloth. This is
important, because of the possibility of
metallic dust accumulating in the com-
mutator risers or in the connections
leading from the slip-rings to the armature
during turning or grinding operations.

A very rough commutator should be
polished by grinding rather than by turn-
ing.

Care of Brushes.

If it is found necessary to fit new brushes,
a careful selection should be made to ensure
that the brushes are of the best quality.
In fact, it is advisable to approach the
rotary converter manufacturer for new
ones so that similar brushes to the originals
can be supplied. Inferior brushes may
cause bad commutation and overheating
of the machine.

When new brushes are fitted, they should
be carefully bedded to the surface of the
commutator. This may be done by
drawing sandpaper under each brush in
the direction of rotation, first using rough
sandpaper, and then finishing with fine.
It is essential that before the machine is
started, all carbon dust should be removed
from the windings, commutator and brush-

ear.

Badly bedded brushes may do much
harm to a commutator, and so in order
to ensure that the brushes are properly
bedded, the machine should be run
without load for a few hours.

Precautions to Take When Starting.
When starting a new machine for the
first time, or an old one after being repaired,
certain precautions should be taken to
prevent trouble occurring. There are

several methods of starting rotary con-
verters, such as D.C. starting ; induction
motor starting when separate synchronis-
ing is necessary ; induction motor starting
self-synchronising, and A.C. starting by
means of taps on transformers, but the
remarks below are general asit is impossible
to refer to each method separately.

Before attempting to start a machine
it is always advisable to examine all
connections and to check them with the
circuit diagram. An insulation resistance
test should be carried out on the rotary
converter, including switches, cables and
rheostats. All switches should be open,
and only after the connections are
thoroughly understood should any switch
be closed. It should be remembered that
switches should not be closed slowly.

If the advice given above is carefully
followed, there should be no trouble during
the starting operation.

Good Maintenance Means Good Service.

It will be appreciated that the foregoing
article deals only in a very general way
with the care of rotary converters, and
there are other points which could be
referred to if space permitted. Neverthe-
less, the author hopes that the information
will be of assistance to maintenance
engineers whose work involves the care
of these machines. It should be remem-
bered that any electrical machine which
is operated properly and maintained in
good condition by being given regular
attention will render far longer satisfactory
service than one that is allowed to run
month after month without being examined
for any possible defects.

The secret of good service is good
maintenance.

A HIGH RESISTIVITY ALLOY

A recently introduced electrical alloy,
known as Rhometal, has the very high
resistivity value of 100 microhms per c.c.,
combined with a magnetic permeability
ranging from 8o to 1,500, according to the
mechanical and heat treatment. The
hysteresis and eddy current losses are very

low. This alloy has a specific gravity of 8.2.
The ultimate strength is 35 tons per sq. in.
The yield point is 2o tons per sq. in., and
elongation 23 per cent. on 5 ins.

Rhometal is supplied in standard strip
and wire sizes, and as tape and stamp-
ings.
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Weak Contactor . y; be checked in the
Springs. Piece of paper manner already
After long use the described when new
contactor and inter- arcing tips have
lock springs may been fitted. Fig. 3
become too weak to shows the necessary
function  properly clearances between
and should be the magnetic faces
changed  immedi- of a particular
?telyd . thg:y 1 fare eqﬁlpénerflt, guth 1%
ound to be defec- . will be foun a
tive. A very simple 5/0/’ ”79 Balance after the equipment
but satisfactory has been in service
means of testing for a long time,
finger-pressures  is these clearances will
by the spring probably  change,

balance method
shown in Fig. 2.
It will be seen from
this illustration that a piece of paper has
been placed between the contact tips and
the spring balance attached so that the
direction of pull is at right angles. The

I'.g. 2.~—~How FINGFR PRESSURLS ARE TESTED BY
MEANS OF A SPRING BALANCE.

and must be re-
adjusted. The table
below gives typical
examples of the clearances for contactors
of 75, 150, 300 and 600 amperes contin-
uous rating ; this table should be studied
in conjunction with Fig. 3.

l

Clearance in Inches.

Contactor Con- I
tinuous Rating 1n A & B. C. D.
Amperes. - | ] ' \
Min. Max. ‘ Min ! Max. Min. | Max. |, Min
|
75 2 3 £ } 14 .02 025 B
150 135 1% Y B 3z R 3%
300 I 183 3 o & L — | 3%
600 142 2 | 2% 2 . “ e &

pull on the balance at the moment the
paper is liberated indicates the finger
pressure. The correct pressure of the
contact springs of A.C. contactor units
should be supplied by the makers of each
particular equipment to enable comparison
to be made with the actual pressure
obtained.

Care must be observed when replacing
defective parts that they are arranged in
their correct positions and that the
original assembly is not changed.

Care of Contactors.

The contact tips of the contactors may
become roughened by arcing, but this is
minimised if they have been designed to
close with a combined butting and rolling
movement.

Finger-pressures of the contactor should

To Cure Humming.

It may be found that the contactor
makes a humming noise when the coil is
energised. The humming may be due to
bad connection in the pole-shading device
circuit, or it may be because the moving
armature is not bedding properly on the
top pole-face. The pole-shading device
should be examined and all connections
checked to ensure that they have not
become loose.

If the humming does not now cease,
it is probably due to the second cause
mentioned above, i.e., the moving arma-
ture is not bedding properly on the top
pole-face. A test to find out if good con-
tact is being made may be carried out by
placing a piece of carbon paper between
two sheets of white paper and inserting
the whole between the moving
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armature and the
-tationary pole before clos-
ing the contactor. The part
making  actual
(which shouald be at least
0o per cent. of the full area)
will be impressed on the
white paper. When it is
found that bad contact is
being made, the top magnet
face should be carefully
filed so that the two surfaces
will make good contact.

It will perhaps be found
that humming occurs with a
contactor which has been
installed for a long time
and has done considerable
service. In this case, it is
due to the bearings becoming
worn, and it will then be
necessarv to rebush the
bearings.

RELAYS FOR LIMITING
CURRENT.

Before referring to the
care of current-limit
(“ notching ') relays it may
be of interest to describe
the construction and opera-
tion of a typical relay.

Construction of Relay.

The relay illustrated in
outline in Fig. 4 comprises
two soft-iron plungers, arran-
ged so that one (known as the
series plunger), which car-
ries an interlock disc, is
lifted by the out-of-balance
weight of the other. A
connecting link between the
two plungers is provided by

a pivoted brass lever, which Fig.3.—OUTLINt OF CONTACTOR
UNITS, SHOWING CLEARANCES.

is arranged so that when the
second plunger (known as

contact
&

Contactor fully gpen

shadyng device 8

4ol

Contoctor fully chised

the shunt plunger) is lifted by the ener-
gising of the relay shunt coil, the series
plunger is left unsupported and free to

drop under certain conditions.

There are two operating coils with each
relay, one a series coil, carrying the full

(B.T.H. Co.)

series

plunger,

main current {or by using a
current transformer a defi-
nite fraction thereof), and
the other a shunt coil, which
is energised under certain
conditions with the shunt
operating coil (with which
it is in series) of the indivi-
dual contactor under con-
trol.

The plunger controlled by
the shunt coil is solid, but
that operated upon by the
series coil is adjustable,
being made in two halves,
so that the air-gaps between
them can be varied by
turning up or down the
adjusting nut shown in the
diagram. '

How the Relay Operates.

After the main line circuit
has been closed by the oil-
switch or stator contactor
{whichever is installed), each
successive rotor contactor
has its operating coil con-
nected in series with the
shunt coil of one or other
of the two  notching”
relays.

The operation of the
relay entirely depends
upon the fact that
although the current flowing
through the shunt coil of
the relav and the operating
coil of the contactor (con-
nected in series with it) is
of sufficient value to draw vp
the relay shunt plunger, it is
insufficient to close the con-
tactor, '

The lifting of the
relay shunt plunger, how-
ever, causes the removal
of the mechanical support
previously given to the
thus  leaving the

latter free to drop if the main current
flowing through the series coil of the relay
is no longer sufficiently great to retain it.
In other words, as soon as the main current
has decreased to the value for which the
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relay has been set,
the series plunger
drops, the disc
interlock attached

11

~— Contact Fost

and the maximum
current required to
start the motor
against the heaviest

Interlock Disc

Relay frame o
4

to it bridging two

load ; if the margin

é’ Brass

Washer to_|
prevent
plunger
sticking

contact posts,
thereby short-
circuiting the shunt
coil of the relay and

impressing full vol-  Jeres Corl]

allowed is too small,

\-Solid
o1 Shunt a small temporary
Plunger . A
increase in load
may result in the
Shunt Y
*"Corl main current ex-

ceeding the value

tage upon the oper- g%;;iié/h
ating coil of the g
contactor, causing Locking_| M
the latter to close. Z””;a |
Each ““ notching” Yusiing 1|

relay operates alter-
nately on one con-
tactor at a time,
the correct sequence
of operation of each
contactor by one of
the relays being ensured by the provision
of interlocks and interconnections.

Care of Relays.

Every now and then the current-limit
relays should be inspected, and any dirt
or pitting removed from the contacts.
Badly worn contact tips should be renewed,
so should the contact discs if they are so
badly pitted that it is impossible to make
them smooth.

It should be remembered when altering
the settings of current-limit relays, that
there is a definite minimum setting of the
relay permissible with each contactor
equipment, depending upon the load
against which the motor has to start.
It will be realised that it is necessary to
allow a certain margin between the value
for which the current-limit relay is set

for which the relay

Fig. 4—OUuTLINE Di1aGRAM OF CURRENT Rrrav.

is set to drop, and
under this con-
dition, full voltage

25 Cover cannot be applied
o Height to the operating
coil of the con-

tactor, the latter,
(B.T.H. Co) T,herefore, remainin_g

in the open posi-
tion. The result would be that the
main resistances would become over-
heated, and the shunt-relay coils and
the contactor-operating coils perhaps burnt
out.

A margin of about 25 per cent.
should be allowed over the current
value required to furnish the maximum
torque when adjusting the minimum
setting of the current-limit relay.

If relays of the type shown in Fig. 4
“notch ”” up too quickly, the gap shown
at “ A" should be closed up by turning
the adjusting nut slightly; this will cause
the plunger in the series coil to hold
up at a lower current value. On
the other hand, if the relays
“notch ” up the equipment too slowly,
the air gap at “A” should be slightly
increased.

MATERIAL FOR TRANSFORMER CORES

A particularly interesting alloy that has
recently been introduced, commercially,
for low-frequency transformer cores is the
nickel-iron product known as Radio-
metal.

It has a specific gravity of 8.26. The
ultimate stremngth is 40 tons per sq. in., and

yield point, 2T tons per sq. in. This alloy
is fairly ductile, the elongation being 23 per
cent. on a 5-in. specimen.

It has a magnetic permissibility of
1,000-2,000 with small polarising fields,
and an electrical resistivity of 40 microhms
per c.c.
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HINTS AND TIPS FOR THE PRACTICAL M AN

Readers are invited to send brief paragraphs for inclusion in this section.
All contributions will be paid for at our usual rates

A HINT WHEN INSTALLING
RADIATORS.

When fixing plugs in skirting boards or
any other low level for use with radiators,
it is a good idea to suggest a remote switch
in circuit with the plug at a convenient

Switch—"8)

|
|
f
|

Y

height for an adult to operate ; this avoids
the back-breaking method when a live
plug only is installed and one has to use
the radiator switches every time.

WHEN PLUGGING A WALL.

When cutting out for a plug in a brick
wall always try to fix the plug in the
horizontal joints (B) of the bricks, and
not the vertical joints (A). Slater’s laths

L AN
I

make a good plug, being of a handy size,
and the wood stands the driving and
screwing strain better than other woods.
Always allow ample length in the screw
you use for a plug.

EASY IDENTIFICATION OF WIRES.
When removing wires from a star
Delta starter or other electrical appliance

with a number of wires, a number of
crocodile clips as sold for connecting wires,
with numbers stamped on, or painted in
colours, or card numbers fastened to them,
will be of assistance if a rough diagram of
the terminals are made: at the same time
one can send another man on the job with
an easy mind.

AN UNUSUAL BREAKDOWN.

The following is the result of an actual
breakdown. The apparatus consisted of
a high-temperature oven with the heating
elements in the bottom and the control
switches mounted on the side. The
connections between the elements and the
switches were rubber insulated copper
flex in heat-resisting nsulating beads.
After breakdown the bottom of the oven
was opened for inspection and it was
found that one of the connections had
fused and the remainder in a very bad
condition. On further inspection it was
concluded that due to the heat, the sulphur
contained in the rubber insulation had
vigorously attacked the copper flex until
the latter was too small to carry the actual
current capacity and had eventually
fused.

FINDING THE CENTRE OF A CEILING.
When fixing a lampholder or other
fitting in the centre of a ceiling or roof,

\ [Awoorlof iy} T 1L 11
N eom|/| Ceiling
/
Plumb-
bob

/ 4’0/.‘/‘(,7> N —

AR R LN

the following is a reliable method, and
avoids damaging the ceiling. Stretch two
lines of cotton or twine from corner to
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corner, using tacks or drawing-pins to
hold the cotton or twine, then with another
length of cotton weighted at one end, or
with a plumb-bob, hang over the place
where the lines cross, and mark the ceiling
at the place indicated.

SINGLE STROKE ELECTRIC BELL.

The ordinary trembler bell may easily
be converted into a single-stroke bell.

A short wire is connected between the
armature end of the magnet coils and the
outgoing terminal, so as to short-circuit
the make and break contact. Thus, when
the bell push is operated the armature
is drawn to the pole pieces striking the
bell once only. Since the circuit is not
broken by the movement, the armature
is kept attracted to the magnet until the
push is released.

The above conversion will be greatly
appreciated in cases where quietude is
essential. -

WIRING AN AWKWARD FITTING.

An electrician may often have an awk-
ward fitting to wire and much time will
be saved if a small nut is tied to a piece

Fitting
Colton \

of cotton and dropped into the fitting.
The nut can now easily be worked through
by tilting the fitting.

A piece of thin string can now be tied
to the cotton and pulled through. It is
now a simple matter to draw in the wire
or flexible.

LEAD FUSES FOR PROTECTING SMALL

A.C. MOTORS.

In cases where fractional horsepower
motors are used for fans or other steady
loads, and where the only protection is a
double or, in the case of 3 phase, a triple-
pole fuse, it will pay the maintenance
engineer to ascertain the normal full load
current either by test or from the name-
plate, and then to insert lead fuses that
will definitely fuse at 50 per cent. -over

this figure. Lead fuses will withstand the
momentary heavier current on starting,
but if any heavier current is maintained,
it will melt in a few seconds, thus saving
motor from a burn-out, if in the case of
3 phase, the motor was single phasing due
to bad switch or fuse contacts, etc., or in
any single or 3 phase case, where for any
reason the motor was drawing a larger
current. Only too often fuses are inserted
which cannot possibly protect the motor
windings, although they may protect the
wiring from damage. Lead is specified
for the above as it is less rapid than
copper of the same capacity, and thus
stands the starting current better, also
it does not oxidise.

THE ARRANGEMENT OF SLIDE-RAILS.

When installing medium and large-size
motors for driving machinery by means of
belts or ropes many engineers arrange
both slide-rails with the tension screws
between the motor and the driven pulley.

It eventually becomes necessary to
tighten the belt, and, as a preliminary to
this operation, the holding-down bolts are
slackened. Owing to the play which exists
between the holding-down bolts and the
holes in the motor feet and in the slots of
the rails, the motor twists round slightly
when the bolts are eased, and in order to
correct this twist after tightening the belt,
it is often necessary to resort to props or
packing.

The whole operation is greatly simplified
by a slightly different arrangement of the
slide-rails. If the slide-rail furthest from
the motor pulley is turned completely
round—that is, with its tension screw on
the opposite side of the motor—it will be
found that by tightening one tension
screw and slackening the other the belt
may be adjusted in tension without the
motor skewing and getting out of line.

TO SAVE TIME.

By making a pattern or jig of the wire
and screw holes in switches, etc., and usin
some for marking off switch blocks, etc.,
one can save many hours on a contract;
these patterns are very useful when fixing
ironclad fittings to walls, etc., as one does
not have to hold heavy parts to mark out
the holes. They can be made of three-
ply wood.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to * The Practical Electrical Engineer,”> 8-11, Southampton Street, Strand, W.C. 2.
Envelopes to be marked < Problem > in the top left-hand corner. Replies to questions
are also invited and all replies published will be paid for at our wusual rates

THIS MONTHS’ NEW QUESTIONS

Fitting Up a Sunlight Lamp.

I should be much obliged if you could
tell me what precautions should be taken
in filking up a sunlight lamp for domestic
use. Can you also tell me what the current
consumption is and how long does the
actual lamp last before remewal becomes
necessary, and whether an old lamp can be
used if a longer dosage s given ?

J. M. (Greenford).

Electrically Operated Garage Door Opener.

Is there any simple form of electrically
operated opener for garage doors ? A client
of mine who has a garage drive about 30 ft.
long has asked me if I can fit some form
of door opener which can be operated from
the enirance gate or half way down the
drive.

T. P. (Torquay).

Fitting an Electric Motor to a Lawnmower.

I should much appreciate it if you could
give details for fitting an electric motor fo
a 12-1n. lawnmower. What I want to know

is the size of motor to use, the method of
drive and suggestions for wiving.
K. L. (Hunstanton).

Transformer for a Luminous Discharge
Tube Installation.

Would you kindly inform me as fo the
factors determining the size and/or number
(and voltage) of tramsformers requived to
supply a Iluminous discharge tube in-
stallation ?

Does the size of tube (i.e., 12/13 or
15/16 mm.) affect the calculations in any
way ?

E. CopELAND (South Tottenham).

Control of Electrically Driven Water
Pumps.

I have heard that it is possible to control
electrically driven water pumps by means of
a pressure gauge and Vemner time swilch
instead of a float switch. I should be much
obliged for any information you can give.

W. A. (Plymouth).

REPLIES TO PREVIOUS LETTERS

Can an A.C. Machine be Converted
for D.C.?

I have a small electric motor which was
part of an electrical face-massage machine,
but it is for A.C. mains. Can you tell me
how fo alter it for D.C. mains, 240 volts ?
It is a two-pole field magnet with a six-pole
armature.

Roy G. Browx
(Margate).

The small motors used on electrical
massage machines are usually made for
either A.C.or D.C. mains. So, presuming
that correspondent’s motor is for 220-240
volts, it can safely be connected to 240

volts D.C. mains. But as it will tend to
run at a slightly higher speed, I advise
him to wind new field coils, using the same
size wire and adding 25 per cent. more
turns.
J. HamproN
(Bournemouth).

Windings for a. 1 h.p. Single-phase In=
duction Motor.

We have an electric motor, without wind-
ings, which seems very similar to the one
described in your Sepiember, 1933, issue,
namely, a squivvel A.C. induction wmotor
(although larger).
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We enclose rough details of sizes, efc.,
and should like to know what windings
would be suitable for 200 volts, 50 cycles
supply, in order to develop maximum
possible power. Can we follow the general
divections for winding as in your Sep-
tember article ?

We shall be glad to know if you can supply
us with full details, number of turns, wire
sizes, starting and running windings, elc.

It is intended to use the motor to drive a
4-in. Drummond lathe.

R. C. Base
(Jensen and Base, Wallasey).

Originally, this motor was wound for
230 volts, 50 cycles, 1,350 r.p.m. and 2.3
amperes at full load.

A motor of this type has two windings :
a high inductance low resistance winding
for running and a lower inductance higher
resistance winding, which is used in con-
junction with the running winding only
for starting.

The running winding is divided into a
four-pole system, in order to retain the
original speed. It consists of 24 coils, of
27 turns each, arranged as shown in the
development diagram. Although six coils
per pole are shown in the diagram, there
are actually only four. Each pole has
two coils of 54 turns and these are indi-
cated in the diagram as two coils. For
example, the two coils in slots 2 and g are
one double coil.

Wind the running coils first. Start
by winding 27 turns round slots 4 and 7
and complete this pole without cutting the
wire. Wind all the 160 turns of the first
pole in the same direction. Without
cutting the wire, continue the winding to
the other poles in order, taking care to
wind the poles in alternate directions, so
that the polarity of the poles will also
alternate.

Suppose by starting in slot 4, the first

l-(——— 9"diam. overal/ ————{

el

\ )
\\\\\ }é’ . 2
SleiiieiiliE

DEeTtAILs oF MoTorR REFERRED TO BY MR. R. C.
Base.

coil is wound clockwise, then the winding
will finish in slot 10. The wire is then
taken to slot 16 and the second pole
wound anticlockwise, finishing again in
slot 0. From slot 10 the wire is taken
to slot 22 and the third pole wound clock-
wise, to finish in slot 28. From slot 28
the wire is taken to slot 34 and the winding
of the fourth pole wound anticlockwise,
finishing in slot 28. In order to ensure
that the running winding does not cover
up the empty slots, required for the start-
ing coils, some dowels or metal rods are
placed in these slots while the running
coils are being put on.

Before winding the coils, line the slots
with .o10 in. leatheroid strips. In eight
of the slots, the starting coils are wound
on top of the running coils. Additional

RUNNING COILS

el

U

e
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i

STARTING COILS

DEeTAILS FOR WINDING RUNNING AND STARTING COILS.
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~~ 0

1| STARTING
ll SWITCH

RUNNING
WINDING

STARTING
WINDING

strips of insulation are used in these
slots to isolate the two windings from one
another. When the winding is finished,
the ends of the windings must be bound
with string to hold the coils away from the
rotor.

The starting coils are wound in a similar
manner to the running winding, without
cutting the wire, so that all the coils
are in series.

The connections of the coils to the start-
ing switch is shown in the above wiring
diagram. A special tumbler switch for this
purpose is made by Messrs. Lundberg
& Sons, Ltd., Sheringham Road, N.7.

PARTICULARS OF WINDINGS,
Running Coils : 24 of 27 turns.
19 S.W.G. D.C.C.

31 1b. of wire.

8 of 45 turns.

29 SSW.G. D.C.C.
. 1 1b. of wire.

To reverse the direction of rotation,
reverse the two ends of the running coils.

Starting Coils :

Startors for Three-phase Induction Motors.

In the above article (March number of
Your most interesting and helpful magazine)
My, Brittain states in the parvagraph on
emergency stopping of motors that *“ These
stop-pushes short circuit the no-volt coil on
the startor.” Isn't he making a mistake ?
I have installed a number of these in the
Sactories in my charge and in every case
the push button has broken the circuit
through the ro-volt coil which is connected
directly across two phases.

I would be glad if you will make what
comment you think necessary in your nexi
issue.

RosT. BARTLETT (S.E.6).

The stop-pushes which are used to stop
the motor do not short circuit the no-volt
coil, but break the circuit instead. This
was an oversight on the part of the author,
as to-day the short-circuiting method is
very little used. )

Originally all startors were made with
the no-volt coil in series with the field
winding of a D.C. motor and the motor
was stopped by short circuiting the no-
volt coil. It would have been a serious
matter to break the whole field circuit
and the handle was returned to “ off ”’ by
short circuiting the coil.

Later D.C. startors were made with the

o0 a3
o 9
© Stop
©
(b 48 s No-vo/t Coil
OLp D.C. STARTOR SHOWING METHOD OF STOP-
PING.
To Motor
| |
l . No-vo/t Coil
(o]
__T_O_fe |
‘ Stop
‘ I I I A.C. STARTOR SHOW-
ING METHOD OF
70 Supply BREAKING THE CIR-

cuIT IN THE No-Vort CoiLr.

no-volt coil direct across the supply and,
as the correspondent points out, with this
type of no-volt coil it would not be
possible to short circuit the coil as it is
directly across the supply. In this case,
therefore, the push button which is used
for stopping the motor normally carries
the current which flows in the no-volt
coil and the motor is stopped by breaking
the circuit. This method is generally
used for A.C. startors and not the method
inadvertently used by the writer in this
particular article.

The difference will be seen by referring
to atove sketch showing the two methods
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of connecting the no-volt coil. The top
diagram shows the method as used in the
old type of D.C. startor, while the lower
diagram shows the method now used for
most startors.

It should be noted that the push buttons
used for stopping the motor in case of
emergency will be of different types.
For one case pressing the button or knob
will make contact; whereas in the other
case it will break it.

Both systems are to be found in use,
but as D.C. is gradually replaced with A.C.
and modern type startors are installed the
short circuiting type will become obsolete.

Earthing a Single-phase Transformer.
The. main transmission system here s

3 Phase | R.
11000 Vr 1 B
EHT Line G

HIT Fuses
Transformer
11000 fo 230 Vr
LT Switch
and Fuses
Single Phase
290 vr
L.T Line
A

Multiple Farths —= —=—= ==

A.C. 11,000 volls, three-phase. In one par-
ticular case the three L.H.T. overhead lines
are brought to insulators on a fterminal
pole and two ends taken from the red and blue
phases through H.T. fuses to a single-phase
transformer. The transformer is wound
11,000 volts in, 240 volts out. The L.T.
leads are taken through a pole-mounting
switch and wmeter to the overhead L.T.
network, which 1is single-phase, 240 volis
betwees phases. Multiple point earthing
is carried out, i.e., on every second pole,
the bottom wire is connected to an earth
pipe. This wire, thevefore, being equivalent

fo the earthed weutral of a three-phase,
Sfour-wive system.

Does it make any difference which of
the L.T. wires from the single-phase
transformer is earthed ?

Jas. H. PuiLLips, Junr.
(Penstruthal).

It does not make any difference which
end of a single-phase transformer L.T.
winding is earthed (all the earthed points
being, of course, on the same line), as
both ends are alternately positive and
negative during each cycle and are isolated
from any earthed points on the primary
side. One line on a L.T. single-phase
distribution is earthed in order to definitely
tie one line down to earth potential, so
that on consumer’s premises, where single-
pole switches are used and are inserted
inthe unearthed line (as they should all be),
there are no live points when switches
are off. There are other and similar
reasons for earthing one line.

J. S. Masown
(Leeds).

Motor Suitable for a Petrol Electric Vehicle.
I propose building a petrol electric
vehicle, and have by me a General Electric
wmotor vated at 60 volts, 70 amps., 1,000 revs.
Would the above be suitable to couple to
a 21-60 h.p. petrol engine, 1,000 fo 3,000
revs. ?

The electric motor was taken from an
American accumulator vehicle and I pre-
sume is sevies wound, although the armature
leads and four field commections ave filled
on top of the casing.

I imagine the motor would be overloaded
most of the time, perhaps you can advise me
on this point, also recommend some practical
wmanual on the matler.

G. L. F. (Chigwell Row).

The nominal engine output at 21 h.p.
is roughly 153 kW. The input or output
of the motor it is proposed to use is, say,
4 kW. at 1,000 r.p.m.

It is not possible, therefore, to use the
motor either as driving motor or as
generator, since the overloading would be
prohibitive both as regards speed and
current loading.

THos. G. Fraxcis (Horrabridge).
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Door Opening by Electrical Means.

Automatic door opening equipment has
now given satisfactory service for some
years ; more particularly in connection with
the Service Departments of up-to-date hotels
and restaurants. Regular readers of the
Magazine will remember that the Trocadero
Restaurant has such apparatus fitted to the
doors leading to the servery, so that waiters
approaching the doors laden with trays
are able to pass through without any
inconvenience.

We are indebted to the General Electric
Co., Ltd., for the information that the self-
opening type of door is now being used for
the main vestibules of the cinema and café
of the new Regal Cinema, recently opened at
Edmonton, by Florida Cinema, Ltd. We
congratulate the architect, Mr. Clifford A.
Aish, L. RI.B.A, F.S.I1.,, on his vision and
enterprise.

The Regal is one of the largest cinemas
in the Kingdom. It has accommodation
for over 3,000 people, and is situated on the
main London Road to and from the North
of England. It has been erected and
equipped under the able supervision of the
directors, Messrs. A. E. & D. A. Abrahams,
both of whom are well-known throughout
the cinema world.

The special door opening equipment for
the main vestibules and the café, which
relies upon the Osram photo-cell for opera-
tion, is of an entirely new type and never
before employed in a British cinema.

The Equipment.
The equipment consists of the electrical

apparatus, which is housed in a pit below
the floor level of the door, and the photo-
cell equipment by means of which the door
opening gear is set into operation.

The gear to open the doors includes a one
hors e-power driving motor, solenpids, friction
rollers, the steel segments which are con-
nected to the doors, door closing springs, etc.

How it Operates.

The operation of the solenoids is under the
control of the photo-cell equipment which
comprises a double projector lantern with
infra-red screens, and a double photo-cell
apparatus. Two parallel beams of light
are thus thrown on to the photo-cells, the
equipment being situated about six feet from
the doors to allow sufficient time for the
doors to open before the person reaches
them after pascing through the intra-red
rays.

The object of the double ray is to ensure
that the doors will open when the rays are
cut by a person approaching the doors;
while if cut by a person going away trom
the doors, the mechanism will not operate.

The time during which the doors remain
open if only one person is passing is about
four seconds, but if several persons pass the
invisible ray light, the doors remain open
until the last person has passed through.

Little imagination is needed to visualice
the possibilities for electrical enterprise which
this innovation opens up.

The Home Garage.
Last month we publisked a query from a
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reader who wished to fit come form of garage
door opener which could be operated irom
the gateway of his drive. Already several
suggestions have been received from readers.
This is a case where photo-electric equipment
hardly seems necessary. Probably some
simple form of electrical release for the lock
combined with a weight- or spring-operated
door-opener is all that is needed. An effi-
cient, reliable, and inexpensive mechanism
which would be suitable for the purpose
would, we believe, be welcomed by many
thousands of motorists. Next month we
hope to publish an article giving some
practical suggestions in this connection.

The Electric Washing Machine.

Another way in which electricity can be
utilised to eliminate one of the inconveniences
of life is by making it responsible for the
weekly wash, which forms such an important
item in many households. Excellent
machines for this purpose are now available,
and we understand from a correspondent
who had such a machine installed some
months ago, that it is looked upon by his
wife as an absolute godsend. DBefore it
was installed he was faced with two alter-
natives :

(a) To engage a woman each week to
assist his wife with the work ;

(b) To send out the work to the local
laundry.

He is paying for the washing machine by
instalments, and he estimates that his weekly
saving on laundry bills enables him to do
this with ease. The way in which this
machine was introduced into his household
makes an interesting story, but it is too long
to be given here.

First-class Salesmanship Needed.

The main point of the story, as we heard it,
was that the machine was put in his house
on trial almost against his will, but when
he had seen it in operation and heard his
wife’s enthusiastic praise of it he decided to
keep it.

In view of the number of homes which
now have an electrical supply, and which
are still faced with the two alternatives
mentioned above, there should be good
business in electrical washing machines if
the selling side is handled properly.

A Question of Ventilation.

Have you ever noticed on entering a
cinema or other crowded public building
how the atmosphere seems to meet you as you
go through the swing doors ? For a few
moments you feel almost suffocated, but very
soon you become acclimatised and it is only
on leaving the building that you remember
what fresh air is like.

Much progress has been made in the science
of ventilation, but we believe that there is
still great scope for improvement.

A Profitable Study for Electrical Engineers.

How to get the necescary quantity of fresh
air into a hall and the corresponding quantity
of stale air out of it without creating draughts
is a problem which still seems to lack the
perfect solution. The perfect solution must
be one which does not involve excessive first
cost, so that it can be applied to even the
smallest cinema without involving too heavy
a drain on financial resources. Electricity
supplies a cheap and convenient means of
handling large volumes of air. A study of
ventilation and air conditioning might, we
think, be a profitable one to the young
electrical engineer who is looking to the
future.

An Interesting Experiment.

The latest issue of the London Telephone
Directory has inset a circular letter from a
non-ring firm of lamp manufacturers. The
latter offers to supply gasfilled lamps on
three months’ approval at prices substantially
below ring prices. A business reply post-
card accompanies the letter so that people
who wish to try these lamps can use the
postcard as an order form. The lamps are
stated to be British made and are guaranteed
for 1,000 hours’ burning. As payment does
not become due until go days after delivery
this offer seems likely to prove an attractive
one.

The New E.L.M.A. Diploma.

At a recent dinner held at the Howard
Hotel Mr. W. J. Jones announced that a
new Diploma was being presented by the
E.LM.A. to those members of the electrical
industry who attend the full course of
lectures on the design and selling of electric
light. This should add still further to the
popularity of these courses amongst engineers
engaged in electrical contracting and instal-
lation work.

The course consists of 18 lectures and
occupies 5 days. Subjects dealt with include
elements of light control, planning factory
lighting, planning a commercial lighting
installation, how to light a modern shop,
salesmanship, and other subjects of equal
interest.

The 29th course was concluded on Friday,
May 11th. Readers of THE PRACTICAL
ELecTrRICAL ENGINEER who may wish to
consider attending the next course can
obtain full particulars of forthcoming lectures
by application to the Secretary, Lighting
Service Bureau, 2, Savoy Hill, London,
W.C. 2.
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Fig. 5—GRAPH SHOWING CHANGE OF INSULATION RESISTANCE DURING

DRYING-OUT.

enable the load to be maintained in such
cases without the necessity for spare
transformers.

(6) Buchholz Protective Device.

This is a gas-operated device which is
installed in the pipe between the trans-
former tank and the conservator. A fault
in the transformer will release gases due
to the “ cracking” of the oil, and the
device consists of two floats, f; and f,,

down core bolt
insulation, bad
contacts, etc,
which would in
time develop into serious faults.

The lower float is operated by the
pressure wave of oil due to a sudden libera-
tion of a large volume of gas due to a
serious fault, and operates a tripping
device, disconnecting the transformer in-
stantaneously, and minimising the damage.

The upper float also gives the alarm if
the oil level in the conservator falls, due
to leakage, below the minimum safe
value,

Relief Diaphragm.

This is a safety valve to

relieve the tank of high internal

pressures due to the gases
caused by a fault. It consists

of a large diameter pipe fitted

to the top of the tank, and

rising above normal oil level.

The end is sealed by a dia-

phragm of glass, or a similar

material, which is blown out by

a high internal pressure, leaving

l" \
3 \
2
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g s
=X
g7 \\
a . \
£ ‘\
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‘

the full bore of the pipe as an
outlet. This saves further

damage to the tank and oil
system, and the consequent

loss of oil.

10 20 30 10 s0

Temperature of Oil, degrees Cent.

a0 50 60

Fig. 6.—GRAPH SHOWING RATIO oF Watrs To HEATER
SURFACE FOR VARIOUS O1L TEMPERATURES.

100 0Oil Main{enance.
Testing—Even with the
foregoing devices fitted, natur-

ally cooled transformers should
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however, be employed without a previous
consultation with the manufacturers.

Installation and Operation.

Many of the points to be borne in mind
in the installation and operation of trans-
formers follow directly from the main-
tenance requirements given above. The
location should be chosen so that there are
facilities for erection and removal, and
sufficient head room for inspection. In
addition, where the transformers are of the
indoor type, they should be protected from
dripping moisture, and ample space for
radiation allowed for self-cooled units. In
this connection it should be remembered
that arrangement for the escape of hot air
is as essential as the provision of a sufficient
supply of cooling air.

Before putting a transformer into
commission, it should be tested for the
presence of moisture as described under
the routine maintenance tests, and dried
out if necessary.

Check Qil Level.

The oil level should be checked before
installing and at the periodic inspections.

A low oil level, besides depriving a trans-
former of the protection against moisture
given by a conservator, may cause serious
damage by uncovering insulation designed
to work only under oil. In addition,
dangerous overheating will result, even on
light loads, if the oil level falls below the
outlet to the cooling arrangements of
whatever type, as the oil circulation is
thereby prevented.

Make Sure all Valves in the Oil-cooling
Circuit are Open.

Care should be taken that a transformer
is never put on circuit without making
sure that all valves in the oil-cooling
circuit are open, and that the correct
quantities of oil, water or air are circu-
lating. If for any reason the auxiliary
apparatus is interrupted, the temperature
of the transformer should not be allowed
to exceed go° C. (194° F.).

Finally, the various protective devices
and alarms referred to should be tested
at regular intervals, as any protective
device which is not functioning correctly
may, by encouraging a false sense of
security, increase instead of diminish any
risk of damage.

CALOMIC RESISTANCE ALLOY

Calomic is a resistance alloy ¢ontaining
nickel, iron and chromium in the propor-
tions of 65:20: 15, and is manufactured
by Wild Barfield Electric Furnaces, Ltd.,
North Road, London, N. 7.

This alloy is suitable for resistance and
heater elements of various electrical appar-
atus and it can be used up to temperatures
of 1000° C.

It has the following properties :(—

A specific resistance of 104 microhms
per cube. A wire of z0 SW.G. has a

resistance of 0.491 ohm per foot at 20° C,
and 0.54 ohm at 1000° C.

A tensile strength of 54 tons per sq. in.

A melting point of 1400° C.

A specific gravity of 8.2.

The coefficient of thermal expansion
is 0.000012 per degree C.

Calomic is supplied in the fully annealed
bright condition as wires, rod, sheet or
strip. It can also be had in the form of
hot rolled sheets and sections of different
shape and as castings.
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THE INSTALLATION OF HEATING
APPLIANCES IN LAUNDRIES

By P. W. Pantry

-

o - -

1

. o e e s e
o m——— |

rd

Conda/;t
feed

Straight-through box
%’th domed tapped
l

Four-way
Thin lock nuts box
Two-way
Lock nut box
Three-pin
plug

Fig. 1.—TuE ConNpUIT LAY-OUT.

N factories or modern electric laundries
I where a large number of various
heating appliances are in wuse it
frequently happens that the wiring for
these appliances cannot be fixed direct to
a wall or a partition and that it is necessary
to install the heating points in the centre
of a room or at some distance from any
vertical structure.

The following method employing
screwed conduit and ironclad fittings
throughout will make a very robust and
satisfactory job.

A Typical Example.

Assuming, for instance, a bank of
7o00-watt electric irons for laundry use.
Each operative is to remain at the ironing
table and therefore requires electrical
control of the iron at all times. At the
usual supply voltage of 200-250 each iron
will take approximately three amperes of
current, and 5-ampere switches and plugs
will, therefore, be necessary. It is advis-
able to put no more than two appliances
of this rating on one circuit, so that a
double-pole 10-ampere distribution board
having the requisite number of fuse-ways
will suffice.

The Conduit Runs.

The conduit is run from the distribution
board across to the first point, Fig. 1,
straight-through  ironclad joint boxes
being used on the ceiling, four-way boxes
for the pilot lamp fittings, and straight-
through boxes for the switches. Domed
tapped lids screwed to the ceiling junction
boxes are used to bring the conduit to
the four-way boxes. The conduit running
between the pilot-lamp boxes does not
carry any cables. It is only to give
support and permit of correct spacing,
and in order to allow easy replacement
of the four-way boxes should it become
necessary.

Use Straight-through Tapped Boxes.

It is advisable to use straight-through
tapped boxes, not the butt end type, so
that the conduit length can be screwed
into the one box and then screwed back
into the next one, a thin lock nut serving
to hold the conduit firm. Al junction
boxes should be locked tightly with thin
lock nuts as in Fig. 1. No smaller conduit
than § in. screwed can be used or it,will
not be firm enough.

Should there be no pillars or other



June

THE PRACTICAL ELECTRICAL ENGINEER

429

1A
T

Fig 2 —CoxpUIT RUNNING AT RIGHT
AXGLES To CEILING JOISTS,

structure within reach of the horizontal
supports the conduit must be bent at
right angles and fixed to the ceiling, see
Fig. 1, dotted portion.

by A
Conduit Runs in Reinforced-concrete
Buildings.

In reinforced-concrete buildings it is
usually found easier to fit the conduit runs
across the joists, Fig. 2. This involves an
additional four-way box per point.

What to Do if Ceiling is Very High.
Where the ceiling is so high that the
long conduit drops would be impracticable,
suitable wooden battens should be fixed
between two walls or other supporting
structure and the conduit fixed to them
in the easiest manner, the circuit branch
switches being placed in the nearest
convenient position. The amount of bench
space allocated to each operative will
determine the spacing distance of the
points, and it is generally found that
a double row of points is required in
order to serve both sides of the bench or
table. In such a case, the horizontal

e
D.R Swikch

\) Pilot Lamp

A

/) Rotary switch

. —— .
2 9 3PinPlug
TE :E
Fig. 4,—WIRING OF Two PoINTS oFF ONE
CircUiT CONTROLLED BY ONE I1I0-AMP,
BrRANCH SWITCH.

el Vs

Fig. 3.—METHOD OF CoUPLING CONDUIT
WHEN Two LINES OF POINTS IN PARALLEL
ARE INSTALLED.

supporting conduits should be coupled
together at every third point in order to
ensure better support. Solid tees are
used for this, Fig. 3.

The Wiring.

Two points can either be controlled by
one ro-ampere branch switch, preferably
of the double-pole variety wired to each
fuse-way on the distribution board, or
each point may have its 5-ampere branch
switch, the latter method permitting the
repair of one point without cutting off the
supply from the second one. Figs. 4 and
5 show the wiring of each method
respectively.

The 5-ampere rotary switches should be
placed within comfortable arm reach ;
these switches, as mentioned earlier, are
to permit the operative switching the
appliance on or off for heat control or
other reasons without leaving the table.

In order to prevent the three-core
flexible cable from trailing on the work,
small galvanized chains suspended fromthe
horizontal conduit supports may be used.

—F

L iPilot Lamp

\Rotary switch

L~

y3 Branch Jf%n

9 3PinPlug
Switches -~

Fig. 5.—WIRING OF Two PoinTs, EacH
PoiNT CONTROLLED BY I1TS OWN BRANCH
SWITCH.
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Three-pin Type Plugs.

the voltage across the

Three-pin type plugs
must be used to enable
the appliances to be
earthed, and they N
should be £ in. tapped
in order to screw into S
the ironclad two-way
box, “Niphan” metal -
plugs with their coupl- % L
ings being found most  k§¥
serviceable. Fibre
cover lids % in. thick
should be fitted to the
ironclad boxes at the =3
switch and pilot lamp
outlets and suitably
drilled toaccommodate
the wiring. B.C.
batten lampholders
can now be obtained to fit the universal
ironclad box, screwing on direct to the
box lugs. Red sprayed 1o-watt lamps
or neon 5-watt lamps will serve for pilot
indication. The lamps should be placed
7 to 8 ft. from the floor level.

4P Plug

Other Circuits.

With heavier current-consuming appli-
ances the switches and plugs will naturally
be rated accordingly, and with appliances
utilising three-heat control, ‘“ three-heat
and off ” rotary switches and four-pin
plugs will have to be used. In connection
with this it is interesting to note that with
the pilot lamp wired as shown in Fig. 6,
it glows at its normal brilliance when
rotary switch is in the ** high ™ position,
about half brilliance in ““ medium " posi-
tion, and very dimly in the “low”
position. It serves at a glance to indicate
to the operative or overseer in which
position the rotary switch is placed. Only
the ordinary filament lamp will show this ;
with the neon lamp no glow is given with
the switch in the ““ low ™ position because

Pilot Lamp

Rotary Switch

Switch ~_.

Fig. 6.—WIRING OF APPLIANCE WITH
THREE-HEAT CONTROL.
H, high ; M, medium ; L, low.

F lamp is insufficient
to allow any current to
pass between the elec-
trodes.

Where a switch is
fitted on the appliance
itself, as an electric
drill for example, the
rotary switch is not
strictly necessary, but

o apilot lamp is essential

Branch, > bgcause i}t) indicates
that the circuit is alive
right to the appliance,
and ensures precaution
against accidental
starting.

Are Pilot Lamps
Necessary ?

A considerable amount of controversy
rages over the question of the use or non-
use of pilot lamps and the benefits derived
therefrom, but their judicious use in-
variably results in a saving of current far
in excess of that taken by the pilot lamps
themselves.

All heating appliances which give no
visual indication of their being switched
on to the supply, such as irons, heated
rollers, cookers, immersion heaters applied
to small boilers, tanks, or radiators, not
thermostatically controlled, should be
fitted with pilot lamps.

The pilot lamp in addition to giving the
overseer observation as to which particular
appliances are in use, also places a “ tell-
tale ”” obligation on the operative who is
more likely to switch the current off when
leaving the bench or table for mealtimes
in the canteen, or when work is finished,
than if no pilot lamp was there to indicate
that current was being wasted. In
addition there is the reduction of fire risks
and damage to the appliance due to over-
heating of the elements.
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REMOTE CONTROL OF SUBSTATIONS

WITH SPECIAL REFERENCE TO THE MIDWORTH
REPEATER

By H. W. RicHarpson, B.Sc., M.ILE.E., and W. R. Cox, B.E., AM.LE.E.

railway systems, substations are
used for transforming the pressure
at which electricity is supplied, or for
converting alternating to direct current.
This equipment must be supervised and
controlled, and this may be done either by
a local attendant at the substation or by
means of remote control equipment,
arranged so that the plant and apparatus
in the substation may be controlled from
some distant point. ’
Remote control equipment
divided into two classes :—
(r) Non-selective control ;
(2) Selective control, including super-
visory control.

IN electrical distribution and electrical

can be

all feeders, but without selective control
such luxuries would be expensive. To
start or stop the machines it will be
necessary to close a contact at the sub-
station for two or three seconds by the
operation of a push button at the control
station. After this, in the case of starting,
the machine in question will be arranged
to run up, svnchronise, and parallel
automatically; when anv machine is
running, an automatic voltage regulator
will maintain the required pressure on the
D.C. bars, and the machine will be auto-
matically protected.

When stopping, a remote controlled
contact will trip the machine out and all

—_— -

Non-selective Control | PILOT CABLE_ | b od

is, generally speaking, a I5 CORE ~
straightforward. To |START N4 "°_D_°__ """"" \ @, START RELAY N°1.
illustrate this type of lstop Nif0 © _— O-——«srop RELAY Nel
control take the_ typlcal STARTN'Z"‘o-no—"“ ____________ _< )——‘-STARTRELAYN’Z.
case of a two-unit rotary - I )
converter substation in !STOP N#F0O O————F=====-——-" ——(O——1570P RELAY Ne
which the E.I.T. and & ——————

D.C. feeders are hand |\, o sw _@dq ________ el oL SW: § .,
operated, suitably pro- dQ s %
tected against overload |N®1DCCB —O- g -——= ——0 o——4N2I.D.CLCB. 33
and, in the case of the |nezoLsw Q $f-—————-—- Lo o—4N22.0IL sw;g E’
EH.T. feeders, also pro- |, CCB. do | o .

tected against earth and

interphase faults. These PUSH SWITCHES TO TEST jLAMP FILAMENTS ot
feeders will normally |AMMETER FOR D.cl—® -—- T
alwaysbeclosed, and from |LoAD NeI Mfc t—a—t-————————

the remote point it will Nl : TS
only be necessary to BUSBAR M <00

start and stop the mach- VOLTMETERS| | -

ines when required, and To <00 !
also to obtain indica- A Ne2 48 ogrrmme
tions of the D.C. busbar M/c+o

voltage and D.C. load |AMMETER FORDC———f-———————1 H

at the control point. A |waAp Ne2M/c HA)+—f—-—-———-

valuable addition would CONTROL STATION SUBSTATION

be the remote indication
of the position of

Fig. 1.—DI1AGRAM OF NON-SELECTIVE REMOTE CONTROL SCHEME
FOR A Two-uNit ROTARY CONVERTER SUBSTATION.
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gear will be automatically reset for the
next start.

To give the control engineer the infor-
mation he will require to operate the
station, the following back indications
will be required.

(a) Visual indication of the closing of
the oil switches to start the rotaries.

(0) Visual indication when the machines
are actually on load.

(¢) Remote reading of D.C. busbar
pressure.

ciples used for metering were readily
adapted to give remote control facilities.

Principle of System.

The apparatus employed in the Mid-
worth distant repeater system includes
a transmitter and one or more receivers—
the latter being indicators, recoiders, or
apparatus used for <elective switching or
other control work at the distant station.

The transmitter contains an originating
movement, giving the indication or move-
ment which it is desired to repeat,
associated with a control move-
ment which translates the quanti-
tative information to be
transmitted into variations of an
electrical current in a series
repeater circuit which includes
the receivers. The transmitter
maintains this current at a
constant value for every indica-
tion to be transmitted, whatever
the wvariations in the voltage

Fot [ TAXLE OF ORIGINATING
DISC CONTACTOR ON o MOVEMENT
ORIGINATING POINTER
[ 2
> 3
= .
- &
1 ‘4//2
z [,
ONTACTS 0N RECORDER
L A
oo oF INDICATOR
CONTROL MOVEMENT
g RECEIVERS
2
o f—————>—T00C
2 §———— SUPPLY
=
—RESISTOR
RESISTOR ARM

TRANSMITTER

applied to the circuit or in its
resistance.

The distant receivers are suit-
ably designed moving-coil milli-
ameters scaled in terms of the
information to be transmitted.

Fig. 2.—DIAGRAM SHOWING THE ASSOCIATION BETWEEN

THE ORIGINATING AND CONTROL MOVEMENTS OF THE

MiDWORTH DISTANT REPEATER.

(d) Remote reading of load on each
machine.

The diagram for the above is shown in
Fig. 1.

Selective Control,

As mentioned previously, non-selective
systems of control necessarily entail a
relatively large number of pilot wires.
It is true that by making use of various
devices a few pilots can be saved, but
to carry out a comparatively large number
of operations on very few pilots, selective
control must be adopted.

The Midworth Distant Repeater.

As an example of a selective system,
it is proposed to study one which is manu-
factured by Messrs. Evershed & Vignoles.
This scheme was first developed for remote
metering only, but the fundamental prin-

The OCriginating and Control
Movements.

Fig. 2 shows diagrammatically
the association between the originating and
control movements in the transmitter,
and the nature of their inter-action. The
two movements are in vertical alignment,
and are so arranged that a contactor
borne by the originating pointer floats
between two contacts borne by the con-
trol pointer. When the system is in
equilibrium the two pointers are parallel
and float {reely, and the contacts do not
touch ; but when the originating pointer
moves up or down the scale, its contactor
touches one of the two control contacts,
thereby energising one of two field-coils
of a motor which has its armature con-
stantly in circuit. The motor moves a
contact arm over a resistor in the repeater
circuit, increasing or decreasing the current
in that circuit, so that the control pointer
follows up the originating pointer.

The motor continues to operate the
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similar in general construction and operat-
ing on the same principle, but differing
slightly in detail.

In the “instrument” type of trans-
mitter the originating movement is that
of some instrument whose indications it
is desired to transmit. A typical ¢ instru-
ment ”’ control unit is shown in Fig. 3,
the originating movement in this case
being a steam pressure gauge. The
“ mechanical " originating movement, on
the other hand, consists of an arm of
robust construction, connected by worm
gearing to a spindle outside the case, which
is in turn coupled to the mechanism whose
displacement it is desired to repeat.

A moving-coil milliammeter of the type

CONTROL UNITS

RECEIVERS

in the repeater circuit through sudden
variations in line voltage or resistance.
The oil damping trough can easily be
filled and emptied without opening the case.

Motor Unit.

The motor unit contains the motor,
resistor, resistor arm, and limiting con-
tacts, and is illustrated in Fig. 4. The
D.C. motor is of simple design and robust
construction. The armature is contin-
uously eneigised, one or other of two field
coil circuits being made or broken by the
contacts on the control and originating
pointers, as previously described. With
this method there is no necessity for a
switch in the main motor circuit, and
only the very small field current
passes through the operating con-

tacts on the originating and con-
trol pointers, so that the tendency
to spark is reduced to a minimum.
Condensers and resistors further
eliminate sparking at the contacts.
The motor is fitted with a mag-
netic brake, which is released
immediately the field coils are en-
ergised, and applied when they

are de-energised. This brake effec-

[} SELECTOR
+}l~- 'RecEwvER
0 DC,
O SUPPLY
MOTOR UNIT
Fig. 5.—MiDWORTH DISTANT REPEATER SELECTION

OF INDICATIONS.

Showing scheme for reading power factor, voltage and

current.

used in Evershed Recorders is employed
as the control movement. It is of robust
design and construction and has strong
working forces.

The platinum contacts on the pointers
can readily be removed for cleaning or
replacement. The full-line voltage is
always across these contacts, and prompt
operation of the system is, therefore,
always ensured. In the ‘‘ mechanical ”
control unit, the single disc contact is
borne by the pointer of the control move-
ment, and the double contact by that of the
originating movement ; while in the
“ instrument ”’ control unit this arrange-
ment is reversed. The method of opera-
tion is, however, identical for both types.

Oil damping is provided for both origin-
ating and control movements to protect
the transmission against too violent fluc-
tuations on the transmitting side, or arising

tively prevents the motor from
over-running, and thearrangement
ensures that the follow-up is
accurate and prompt. The oper-
ating voltage may be from 50 to
250 volts D.C., 110 volts being recom-
mended. Where A.C. only is available, it
must be rectified, and transformed if
necessary to a suitable voltage.

The resistor is wound on a flat ring of
insulating material, and can readily be
removed from the case by undoing two
flexible connections and three wing nuts.
The resistor contact is a silver roller
carried on a spring arm hinged to the rotat-
ing arm which is driven by the motor.
Since the roller is inclined at a slight angle
to the radial line of the arm on which it is
carried, it partly rolls, partly slides on the
resistor. The effect of this sliding is to
keep the surface of the roller and the wire
of the resistor clean, so that good electrical
contact is ensured. If the resistor or
the contactor roller becomes dirty or
tarnished, the resistor arm will automati-
cally be caused to oscillate until the dirt
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give alarm in the event of any circuit
breaker tripping out or a rectifier bulb
failing. A signal lamp is provided to give
warning if the transmitter is not left in
the ““ normal ”’ position.

The Operations That Can be Carried Out.
The various operations that can be
carried out are as follows :(—

Control of Circuit Breakers.

Two E.H.T. circuit-breakers, three trans-
former circuit breakers, three rectifier D.C.
circuit breakers, and three track feeder
circuit breakers may be opened or closed
by remote control.

Indication of Circuit Breaker Position.

The position of all the above-mentioned
circuit breakers is indicated by the sema-
phore indicators C on the mimic diagram
in the control station.

These semaphores will automatically
take up the appropriate position as any
circuit breaker is opened or closed by the
remote control gear.

The semaphores will also automatically
set themselves in the appropriate position
when the circuit breakers are selected,
but not actually controlled by the control
transmitter, thus providing a means for
checking the condition of the mimic
diagram at any time.

Circuit Breaker Alarm.

Any circuit breaker which has been
closed by the remote control gear will,
upon tripping out on an overload, or from
any reason other than opening by means
of the remote control gear, cause an
alarm bell to ring in the control station,
and indicate by means of one of the three
lamps, E.1, E.3, or E.4, on the mimic
diagram, which particular group of circuit
breakers contains the one which has tripped
out.

By setting the control transmitter to

the group of circuit breakers indicated,
the particular circuit breaker which has
tripped out will be identified by the corre-
sponding semaphore on the mimic diagram
setting itself in the ““ open ”” position.

The circuit breaker may now either bhe
reclosed by means of the remote control
gear, or left in the open position, and the
alarm cancelled by pressing the “ cancel ”
control button.

Rectifier Bulb Failure.

Closure of any one of the three relays,
provided as a part of the rectifier equip-
ment, and arranged to close in the event
of a bulb failing, will cause the alarm bell
in the control station to ring, and the fact
that one of the rectifier bulbs has failed
will be indicated by the lighting of the
lamp E.2 on the mimic diagram.

By setting the control transmitter to
the positions corresponding to the three
rectifiers, the particular bank containing
the defective bulb will be indicated by
the lighting of the appropriate one of the
three Jamps D on the mimic diagram.

Having located the defective rectifier
bank, the alarm and signal may be can-
celled by pressing a “‘ cancelling ’ button
provided for the purpose.

When starting up a rectifier bank,
failure of ignition is also indicated by the
signal lamps D, so that a rectifier bank
may not be put on load if one of the bulbs
has failed to ignite,

Indication of D.C. Load.

The D.C. current output from any one
of the three rectifier banks may be indi-
cated by selection on a moving-coil
indicator at the control station. To
obtain this indication the control trans-
mitter is set to the appropriate position,
thereby causing the moving-coil indicator
to be connected to the particular ammeter
shunt necessary to transmit the measure-
ment required.
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A 3-AMPERE BATTERY CHARGER FOR
AC. MAINS

By H. E. ]J. BurLer
RECTIFIER

WA

il

H9

43V

43V

_|_

AMMETER 120

Fag.

J F

N\ g
O 2 REGULATORS

1.—THE CIRCUIT OF THE 3-AMPERE BATTERY CHARGER USING A PHILIPS RECTIFIER AND

ReEGuLATOR LAMPS.
The ammeter is not essential, but if used musc be a special moving coil instrument.

HIS battery charger has an oxide
cathode type of rectifier with two
regulator lamps, which maintain the
charging current at approximately 3 am-
peres, for any number of cells between 2
and1z. Norheostat is therefore necessary,
because the regulator lamps automat-
icallv absorb the excess voltage when less
than 12 two-volt cells are placed on charge.
A rheostat would be necessarv to reduce
the charging current below 3 amperes.
The total cost of the materials, including
the rectifier and lamps, is about £3.

Transformer.

The transformer for working this recti-
fier has two secondary windings; one of
43 -+ 43 volts for the anode supply and
a second of 1.8 volts 5.5 amperes for
heating the cathode. For the construction
of the transformer the following materials
are required :—

No. 28 Stalloy T-U stampings (see

Fig. 2) I gross.
Enamel covered wire for pr1mary

(see Table) 1% 1b.
No. 16 S.W.G. double sﬂk covered

wire for secondaries 33 1b.

Bakelite cheeks for bobbin, 43 X 3%

X 4 inch .. 2
Bakelite cheeks for bobbln 4 X 3%

X 4% inch 2
Bakehte strips for bobbm 3 X 21~

X 45 inch 2
Bakehte strips for bobbm 3 X I%—

X g5 inch 2
Cast aluminium clamps .. .. I pair.

Primary Windings.

The primary coil must be wound to
suit the supply, but the secondary windings
are the same irrespective of the mains

voltage. The following table gives the
data for 50-60 cycle supplies.
Mains S.W.G.
Voltage. Enamel. Turns.
100 . 19 320
110 .. 20 352
120 .. 20 384
200 .. 22 640
210 .. 22 672
220 .. 22 704
230 .. 22 736
240 .. 22 768
250 23 8oo

Arrangement of Wmdmgs.
Fig. 3 shows the arrangement of the
transformer coils on the core. The pri-
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mary is sandwiched be-
tween the two halves of

wired to the rectifier
anodes.

the 86-volt secondary
winding. This method of
winding the coils is to be

preferred to the single ] 4 ot | ol

coil method, in which the
secondary is wound on
top of the primary. In

Rectifier and Regulator
Fittings.

The rectifier has a stan-
dard valve base, so that
any valve holder of
generous construction is

the latter method it is l
difficult to equalise the

suitable for this. The
regulator lamps have a

two halves of the secon-
dary, because the outside
43-volt coil must contain
more wire than the inner
half.

The primary coil is wound on a tempor-
ary wooden former, so that its thickness
is 3 in. Every other layer of the primary
is covered with insulating paper during
winding. The 200-240-volt Windings will
have about 30 layers. A cheek of 4=-in.
bakelite is placed on each side of the pri-
mary to insulate it from
the secondary.

The Secondaries.

Each of the two 43-
volt coils are 1 in. wide.
There is enough space
on top of these coils
for the cathode winding.
This is tapped in the
centre, so that 3% turns
are wound on top of each
of the 43-volt coils.

The 86-volt windings
consist of 138 24138
turns of the 16 S.W.G.
double silk-covered wire.
The 1.8 volt winding has
7 turns of the same wire.

PRIMARY

Transformer
Connections.
Care must be taken
to connect up the ends
of the two 43-volt coils
in the correct sense.
The two coils must be
wound in opposite direc-
tions, the two starting
ends are connected to
the regulator lamps and
the two outside ends are

Fig. 2.—THE DIMENSIONS OF 1HE
StaMPINGS USED FOR THE RECTI-
FIER TRANSFORMER.

\\\\\\\l |

LT

Fig. 3..—THE ARRANGEMENT OF THE
BoBBIN AND COILS ON THE TRANS-
FORMER.

standard screw cap, and
two batten type screw
holders are required for
these. The rectifier is a
Philips No. 1119, and the
regulator lamps are Philips No. 1120,

Adjusting the Cathode Voltage.

It is important, in the interest of the life
of the rectifier valve, to have exactly 1.8
volts across the cathode pins. Ifan A.C.
voltmeter is available, this may be ad-
justed by removing a
fraction of a turn from
the transformer wind-
ing, or by introducing a
suitable length of 16
S.W.G.bare eureka resis-
tance wire into the leads
to the cathode pins. Mea-
sure the cathode voltage
while the valve is fully
loaded, i.e., charging a
battery at 3 amperes.

The cathode of the
rectifier valve should be
allowed to heat wup
before current is passed
through the valve. This
is done by switching on
the transtormer primary
a minute or so before
connecting thebatteryto
the charging terminals.

We understand that
the firm of Messrs F. C.
Heayberd & Co., 1o,
Finsbury Street, E.C.z2,
are prepared to quote
any reader of this
magazine for the com-
plete transformer built
in accordance with the
details given above.

00000 00
500000l0)
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00000 O]
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POWER FACTOR AND ITS IMPROVEMENT

WITH SPECIAL REFERENCE TO THE USE OF
STATIC CONDENSERS

T is fairly safe to assume
I that every electrical engin-
eer knows at least in a
general way what is meant by
power factor in an alternating
current circuit.

A 200-volt, 50-cycle A.C.
Supply.

Fig. 1 shows the terminals A
and B of a 200-volt, 50-cycle
A.C.supply. The voltage meas-
ured between A and B at one

By N. H. BenTLEY

_ 200 VOLTS

50V Q
A B

Fig. 1.—THE TER-
MINALS OF A 200-
VOLT, 50-CYCLE
A.C. SuppPLY.
At one instant A
is 282 volts positive
toB. yigof asec.
later B is 282 volts
positive to A,

remains constant and the vol-
tage varies from -+282 volts
to —282 volts. The average
power is equal to the average
value of :(—

Voltage® = Resistance.
Now alternating current volt-
meters show not the average
value of the voltage during a
period and not the maximum
value of the voltage, but a read-
ing which is equal to the square
root of the average value of

instant may be 282 volts, A being posi-
tive. 1/100th of a second later the voltage
is 282 in the opposite direction, i.e., A being
the negative; 1/100th of a second later
still, that is, /50th of a second after our

first measurement, the
voltage is again 282 volts,
with A the positive.
During 1/50th of a second
the voltage varies
between these two
extreme values.

If we now connect to
A and B a non-inductive
load such as a lamp or
fire, the current flowing
at any instant is directly
proportional to the volt-
age at that instani. In
other words, the current
variations keep exactly in
step with the voltage
variations. Thus, the
power being drawn from
the supply at any instant
is equal to :

Voltage X current or
Voltage
Resistance
ie., Voltage? — Resist-

ance of circuit.
During 1/50th of a second
the resistance, of course,

Voltage X

An A.C.

\
A

1 I
&1 ﬂ'
s
g '
Q) A B

Fig. 2.—VECTOR DIAGRAM SHOW-
ING VOLTAGE AND CURRENT CONDI-
TIONS IN AN A.C. CircUIT CONTAIN-
ING INDUCTIVE REACTANCE.

The power factor i1s the ratio
of true power to apparent power.

Apparent power in circuit = VI.

True power = VX in-phase com-
ponent of I = VI, = VI cos ¢.
Hence power factor =

true power VI cos ¢

= — = Cos ¢

apparent power V1

For a given power I is constant,
so that if the current lags behind
V by a greater angle ¢, its magni-
tude, represented by OI,, must be
greater. Thus, for equal trans-
mitted power, the current is in-
versely proportional to the power
factor.

the square of the voltage (this sounds
complicated, but is really quite simple if
you read it slowly).

ammeter also gives us a
corresponding reading for the current.

For convenience we
refer to these as the root
mean square values.
From the above it can be
seen that in a non-induc-
tive alternating current
circuit there are two ways
of finding the power
which is being used :(—

(1) We can multiply
the R.M.S. voltage by the
R.M.S. current. This will
give the power in watts.

(2) We can divide the
square of the R.M.S. volt-
age by the resistance of
the circuit in ohms. This
will give the same result.

What Happens in an
Inductive Circuit.

If, instead of connec-
ting a fire to the supply
terminals, we connect the
windings of, say, an
electromagnet, what
would  happen? The
effect of the magnet wind-
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F1g. 3,—SHOWING THE EFFECT OF SPEED RATING
oF AN INDUCTION MOTOR ON THE AVEFAGE
PowER FACTOR.
Top curve, high-speed motor; bottom curve,
low-speed motor.

ings is to retard the

was always a positive quantity), in the case

+ of the electromagnet wcircuit the current
readings would at some instants be negative
when the voltage readings were positive, and
vice versa.

Now negative power in a circuit really
mean$ that power is being pumped back
into the supply mains. Our quick-reading
ammeter and voltmeter do not take any
account of this, nor do our ordinary A.C.
ammeters and voltmeters, but it is quite
obvious that if we multiplied together the
ammeter and voltmeter readings (R.M.S.
values) this would not give us a true
estimate of the power being taken from
the supply circuit.

How True Power can be Measured in an

A.C. Circuit.
This true power can best be measured
by means of a wattmeter which auto-
matically  multiplies

growth of the current v together the instan-
in the circuit. Induc- 1‘ taneous values of the
tance in a circuit I, 1L ! current and voltage
produces electrical and gives an average
inertia, and owing to % reading, which repre-
this the current attains / sents the true power
its maximum value | being consumed in the
a fraction of a second p L. ©O A A circuit. The ratio of

later than the voltage.
In the same way the
current reaches its
minimum value a fraction of a second
later than minimum voltage.

If we had a voltmeter and an ammeter
connected in circuit as before, these instru-
ments would give us the R.M.S.
values of the voltage and current respec-
tively. If, however, we could use instead
of these ordinary instruments, a voltmeter
and an ammeter which would show us at a
given instant the acfual values of the
current and the voltage, we should find
that, whereas in the case of the electric
fire circuit the voltage and current reached
their maximum values at the same instant,
in the case of the electromagnet the volt-
age would be at its maximum perhaps
1/200th of a second before the current
reached its maximum. We should also
notice that instead of current and voltage
always having positive values at the same
time and always having negative values
at the same time (so that their product

IN INDUCT

Fig. 4.—VECTOR D1aGRAM OF CONDENSER

this true power,
obtained by a watt-
meter reading, to the
apparent power obtained by multiply-
ing the voltmeter and ammeter readings,
is called the power factor of the circuit.

1vE CIRCUIT.

8
\\ 6
\\ .
\‘ 12
\ K,
10&
\ K,
o8
\\ o
NI
oe
0S5 06 o7 08 o9 IOO
PF

Fig. 5—CURVE FOR THE DETERMINATION OF
CONDENSER kVA.
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Power Factor Without Trigonometry.

To give readers a clearer picture of what
happens, we have compiled the table below,
which shows the relation between power
factor and time lag on a 50-cvcle supply :—

TIME LAG AND

Effect of Connecting a Condenser in an
A.C. Circuit.
The effect of connecting a condenser in
an A.C. circuit will now be considered.
The current taken by a condenser in an

POWER FACTOR.

Power Factor of Circuit 1.0 .95 .90 .85 .80 75 .5 .25 o
Maximum Current Lags behind
Maximum Voltage by L0000 | .00I0 | .00I4 | .001I7 | .00IQ | .0022 | .0033 | .0042 | .0050
sec. | sec. | sec. | sec. | sec. | sec. | sec. | sec. | sec.
Angular Displacement on Vector
Diagram .. .. .. o° 18° 25° | 313° | 35%° | 403° | 60° | 75%° | 9o°

Why a Condenser can be Used for Improv-
ing the Power Factor.

Just as introducing imductance into an
alternating current circuit causes the
current to reach its maximum value a
little later than the voltage, if we intro-
duce capacity into an alternating current
circuit this causes the current to attain its
maximum value a fraction of a second
earlier than the voltage. It is, therefore,
obvious that by adding a suitable con-
denser to an inductive circuit the time lag
can be reduced any desired amount.

Three Methods of Power Factor Improve-
ment.

There are three distinct types of appara-
tus available for the improvement of low
lagging power factors. These are :—

(1} The synchronous motor or rotary
condenser.

(2) The phase advancer.

(3) The static condenser.

Of these (1) and (2) are rotary machines,
whilst the static condenser 1s a simple
piece of apparatus possessing no moving
parts.

It is the purpose of this article to deal
mainly with the aspect of power factor
improvement by means of the static
condenser.

The Static Condenser.

Unlike the first two types of power factor
improvement apparatus, the static conden-
ser possesses no moving parts. Itissimply
a condenser in the fundamental sense of
the term, connected across the supply as
near as is practicable to the source of
lagging current.

A.C. circuit due to a voltage V across it is
given by
I.=wCV. Where I ,=current in amperes.
C=condenser capacity
in farads.
w=27 X frequency.

The current leads the voltage by 9o°, and
in Fig. 4 we see the relative positions of
the vectors V and I, in graphical form.
The vectors comprising Fig. 2 have been
added to this diagram, a study of which
will show that the lagging wattless current
represented by OA in Fig. 4 can be
balanced out to a greater or less extent by
the leading wattless current I.. For
instance, if the current taken by the
condenser be represented by OP, the
resultant wattless current taken by the
whole circuit will be OA — OP = 0Q,
which gives a total current I, flowing in
the circuit. This current has obviously a
much higher power factor than I, and its
magnitude OI, is less than OI. If the
capacitative current I, is made equal to
OA, the wattless components in the circuit
entirely balance out, and the current
flowing is I at unity power factor.

Condensers for power factor correction
are usually rated in kVA. By this means
it is easy to determine the size of con-
denser required to compensate for a given
wattless load.

The kVA. of a condenser is given by the
equation










446

THE PRACTICAL ELECTRICAL ENGINEER

June

SUPPLY

|
i | 1/\‘9_\//\

£AD ser in this
A Logp case. The
SUPRLY whole assem-

bly is immer-

sed in a tank
LOAD
D
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parallel. Fig.
g also illus-
trates this
peoint, the
photograph
being of a 25
kVA. conden-
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of oil which
serves the
dual purpose
of impregna-
ting and of
cooling the
units as in the
case of a na-
turally cooled
transformer.
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10.—CONNECTIONS OF
StaTiIC CONDENSERS.

(a) Single phase; (b) Two
phase; (¢) Three phase, star
connection; (d) Three phase,
delta connection.

Fug.

Connection of
Static Con-
densers.
Condensers can be arranged so as to be

suitable for single, two or three phase

systems as in Fig. 1o. Three phase
condensers may be connected either in
star or in delta connection, the actual
connections used being a matter of
design depending on the dielectric and the
voltage. It can be proved that with delta
connection the capacitance required is
only one-third of that required with star

connection, but since the voltage per
1

phase is only 4/ times as much as
that in delta connections, the dielectric in
the former arrangement can be made
thinner and thus the cost per kVA. remains
constant whatever the connection.

Situation of the Condenser.

Since the installation of a static con-
denser has the effect of decreasing the
current taken from the supply but not
that actually flowing round the condenser-
motor circuit, the position of the former
should theoretically be as near as possible
to the motor. By connecting the con-
denser directly across the motor terminals
it is possible to use a smaller gauge of

feeder owing to the small current taken
from the supply. Unfortunately, the
relatively high cost per kVA. of corrective
apparatus in small sizes makes it desirable
to group small motors together with a
moderate sized static condenser, whose
cost would be much less than a number
.of small condensers of the same aggregate
kVA. If the motive power in a works is,
therefore, in the form of a large number of
small induction motors together with a
few large motors, it is the rule in a compre-
hensive power factor improvement scheme
to group the smaller motors with a single
condenser and apply individual correction
to the larger machines.
Typical Power Factor
Schemes.

Installations which usually work at a
fairly low power factor are those where the
load is constantly varying, and which may
be called upon to take a heavy peak load
from time to time. It is obvious that
plants of this nature will have to be
fairly liberally designed and that during
most of their operating time they will be
working at a load very much less than
their maximum rating. The normal power
%actor is, therefore, low. An example of
this type of works is a rolling mill produc-
ing steel and other metal sections, and a
typical power supply lay-out for a plant
of this sort is reproduced in Fig. 11.

The power supply to the plant we will
assume is taken from the Supply Com-
pany’s mains at 6,600 volts 350 cycles

(68

Fig. 11.—TYPICAL SCHEME oF POWER FacTOR
IMPROVEMENT AS APPLIED TO A LARGE RoLLING
Mivre.

The motors are represented by circles and
the static condensers by squares.

Improvement
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3 phase. The motors in use are one large
800 h.p. machine running directly off
the 6,600 volt supply and driving the main
rolling plant, and also a number of small
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3-ph oil circuit
breaker

Power factor
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motor in use varies from 5 to 50 h.p.
Tests indicate that the average power
factor of the 8oo h.p. motor is 0.75 and
that the average kW. taken is 375. The
smaller motors consume 150 kW.
at a power factor of 0.7.
bushes
Correcting Overall Power Factor
to 0.95.

Suppose that it is desired to
correct the overall power factor of
the installation to 0.95. Taking
the 800 h.p. motor first, the con-
denser kVA. required would be z10
as determined from Figs. 5 or6.
This condenser would be connected
across the 6,600 volt feeder closs
to the large motor and would
raise the power factor of the
motor load to 0.95. This conden-
ser would be of the high tension
type, consisting of a number of
units in series to withstand the
high line voltage. In appearance
and size, however, it would be
similar to a low tension condenser
of like kVA. except, of course, for
the larger terminal insulators
required.

Low Voltage Motors.

Dealing now with the low
voltage motors, both individual
and group connection would be
applied. Motors of 20 h.p. and

over, of which there would certain-

SUPPLY

LOAD

ly be a number in a works of this

-

AUTO-TRANSFE CONDENSERS

CIRCUIT

size, would, in general, have con-
densers directly connected across
their terminals whilst smaller
machines would be grouped to-

BREAKER

WATA

gether. The exact lay-out of the
corrective plant will, of course,
depend to a large extent on the
geographical lay-out of themotors,

Fig. 12.—STATIC CONDENSER INSTALLATION INCORPORAT-

ING AN AUTO TRANSFORMER.
Top: General arrangement.

slip ring and squirrel cage induction
motors. We will take the case of a total
load of 440 volt motors amounting to
250 h.p., this being divided between two
6,600/440 volt transformers. The size of

Bottom : Connections.

but the total condenser kVA. re-
quired to correct the P.F. of the
440-volt motors to 0.95 is 105.

A typical scheme of power
factor improvement as applied to
the above works has been shown diagram-
matically in Fig. 11.

Electrically Driven Textile Factory.
An entirely different type of load from
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the last example is afforded by the
electrically driven textile factory. In this
case the load is usually very steady, so
that the motors are loaded at a figure
closely approaching their rated capacity.
The overall power factor is thus com-
paratively good. All the same, it is
necessary, where preferential tariffs are in
operation, to ensure that the load on the
transformers and feeders is kept as low
as possible.

The method of P.F. improvement that
is actually installed will depend entirely on
the type of mill. In a spinning mill, for
instance, the tendency is to install a small
motor to drive each spinning frame, and
here power factor correction by means of
separate static condensers would most
profitably be employed.

In a weaving shed using electric power,
it is usual to drive the looms together in
groups, the power being transmitted from
a few large motors by means of line
shafting. Since weaving is essentially a
constant speed operation it would appear
that auto-synchronous motors would be
the best form of drive to adopt in a new
factory, although if the electric drive is
already in existence a static condenser
for each induction motor should be fitted.

Use of Auto Transformers.
We have already seen that
o CV2

109
or that the capacitance is inversely
proportional to the square of the voltage
for any given frequency. In other words,
if the voltage is increased to twice its
original value, the capacitance of the
condenser need only be one quarter of its
original value. This fact is often made use
of, and an auto transformer is used to
step up the voltage to any convenient
figure. In this way it is very often possible
to produce an installation which is
appreciably cheaper than a directly con-
nected condenser of the same LkVA.
Connections and lay-out of a typical three-
phase condenser with auto transformer are
shown in Fig. 12.

Saving Effected by P.F. Correction.
It has been mentioned that tariffs
are in operation with a view to penalising

plants working at a low power factor. It
is usually possible by the installation of
corrective apparatus to write off the
capital cost of the condenser in a very
short period, say, 1—3 years, according to
the terms of the tariff. A considerable
annual saving can, therefore, be effected.

Comparison of Corrective Methods.

The total sphere of power factor cor-
rection is in practice divided between the
three methods available, but it is inevitable
that a certain amount of overlapping
occurs. The rotary condenser is often
employed forimproving the voltage regula-
tion of long overhead lines. In this case
it is connected at the receiving end of the
line, and is often of very large capacity.
Equipments have been constructed in
America of 15,000 kVA. rating.

Phase advancers can be used on medium
and large sized induction motors, but
their relatively high cost per kVA. rules
out the possibility of their use for small
motors. It is probable that the scope
offered by medium and large motor power
factor correction is shared by the phase
advancer in its various forms and the
synchronous condenser, whilst for small
and medium installations the static con-
denser is by far the best method to use.

Static condensers can be supplied to
give capacitative loads of 1—250 kVA.
They have the advantage of low first cost,
especially in the smaller sizes where they
compare most favourably with any other
method of P.F. improvement. Static
condensers are most suitable for installa-
tion in inaccessible positions as they
require no attention as is the case with
rotary machines. The losses in the latter
may become relatively serious in small
installations since they are of the order
of T0—15 times those occurring in static
condensers which have efficiencies of
973+—98% per cent.

It will thus be seen that the choice of
the method of power factor improvement
will depend upon the nature of the load
whose power factor is to be corrected, and
before any decision is made as to the
particular type of apparatus to beinstalled
in any case, it is necessary to be in
possession of all the factors bearing on the
scheme under consideration.
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INSTALLING A COUNTRY HOUSE
ELECTRICITY GENERATING PLANT

By H. W.

HE plant which is usually installed
consists of a shunt wound dynamo
driven by a paraffin or petrol

engine. The engine may be directly
coupled to the dynamo or may drive it
through a belt. A battery of accumulators
is run in conjunction with the dynamo.
During the daytime the dynamo is run to
supply the installation and to charge the
battery. In the evening the dynamo is
shut down and the battery is discharged
to supply the installation until the follow-
ing morning when the dynamo is started
up again.

The installation is fed through a switch-
board which is fitted with a battery
charge and discharge switch. This switch
regulates the charging circuit, and adjusts
the battery voltage when the battery is
discharging.

The switchboard is also fitted with main
switches and fuses for the dynamo and
installation, instruments to record the
output current of the dynamo, the dis-
charge current of the battery, and the
voltage of the supply to the installation.
In addition a battery automatic cut-out is
fitted which makes the operation of
charging the battery automatic and fool-
proof, thus preventing the battery * motor-
ing 7 thedynamo
at any time.

Joanson

running plant will make becoming an
annoyance to the occupants of the
house.

The building should be of brick or stone
preferably, well ventilated, and have a
concrete floor of sufficient thickness, so as
to secure a good foundation for the
engine and dynamo. A part of the build-
ing should be partitioned off (to accom-
modate the battery) so as to exclude the
acid and gas fumes from the remainder
of the plant; this portion of the building
must be well ventilated.

Layout of the Plant.

The overall dimensions of the engine
and dynamo bed plate, and the iron frame
of the switchboard are obtained from the
blue prints and the floor space of that
portion of the building which will house
this part of the plant is allotted, having
regard to the following desirable con-
ditions :—

1. Ease of starting and stopping the
engine.

2. Convenient position of cooling water
tank to engine cylinder jacket con-
nections.

3. Dynamo easy of access for cleaning
and overhaul.

The Housing for
the Plant.
A suitable
building large

Battery of

7

enough toaccom-
modate the plant
should be erected
within a reason-
able distance of
the house, but

Accumulators.

It [ENRERN

\.Cooling
2 Water
° ° Tank.
Generating Set.
Switchboard.

Working Bench™

far enough away
to prevent the
noise which the

v

GENERAL ARRANGEMENT OF THE PLANT.
Showing plan of the building.

3F
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4. Convenient cable connections from
the dynamo to the switchboard.

5. Convenient cable connections from
the battery through the partition to the
switchboard.

6. All cable runs are not exposed to
heat from the engine.

7. Suitable outlet for engine exhaust to
reduce annoyance from fumes to a
minimum.

Dynalmo. Vo/b79teﬁ, Bat/tery.

interfering with operation of adjacent
cells.

Preparing the Foundation and Fixing
Bolt Holes for Engine and Dynamo
Bedplate.

Make a template of the bedplate and
from it mark on the floor the outline of
the bed at the portion which has been
fixed. Break up this portion of the floor

so that the con-

0

1 r

& Po;
E’: o

4 2 3
_ 2 ___2
S <

|

2

s

Battery.

THE CONNECTIONS OF THE BATTERY AND DYNAMO TO THE SWITCHBOARD.
To avoid confusion in reading the switchboard connections the switchboard
voltmeter connections are made on a separate diagram.

Jatis
<_Reg'cqe77/s/‘ng_,

8. Convenience in handling the plant
when erecting, and dismantling when over-
haul and repairs are necessary.

A space should be reserved for a working
bench where plenty of light is available
and room in front of it for working at the
bench.

The floor space of that portion of the
building which will house the battery is
allotted for the accumulator stands. The
stands should be situated and spaced so
that individual accumulators are easy of
access for ‘“‘ topping up” and testing,
also for removal, when required, without

crete mixture

Voltmeter which will form
the foundation

o will make a solid
N union with the
floor. The

broken portion of

the floor is boxed

round to a height

+|Battelry. which is deter-
mined by the

7 50— depth of the
W Qf— foundation. This
Discharde  may be calcula-

?ﬁ% ‘ff;,t,,,c" ted from the
practice that the

weight of the

Charde foundation
+5W’t“/"4””_" should be
approximately

\Dyngmo” equal to the
Switch, weight of the

The Switchboard

VoltmeterConnections ~ Plant on it, and

that one cubic
foot of concrete
mixture is from
120 to 150 lbs.
depending upon
the mixture. The
spaces which the
bedplate fixing bolts will occupy in the
foundation are now boxed round to the
height the foundation will be above the
floor. The boxed-in space is filled in with
the concrete mixture and the surface
made level.

Fixing the Bedplate to the Foundation.
When the concrete is hard, remove the
boxing from the bolt holes and place the
fixing bolts in their positions. Fill in these
holes to the level of the foundation with
liquid cement and, while this cement is
still liquid, lower the bedplate into position,
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guiding the ends of the fixing bolts
through the holes in the bedplate. A
spirit level is placed on the machined
upper faces of the bedplate, and steel
wedges driven between the foundation and
the lower edge of the bedplate at required
places until it is level. The washers
and nuts are screwed on the bolts and
tightened up.

A skimming of liquid cement is poured
round the inner edges of the boxing so as
to cover the exposed lower edges of the
bedplate, and when it is hard, the boxing
round the sides
of the foundation

—

for the bolts which secure it to the stays.
Before the switchboard is fixed in
position holes are drilled through the
partition wall for the passage of the cables
from the battery to their connections on
the switchboard, also any cleats required
on the wall for the cables from the dynamo
are secured in position. The switch-
board may then be secured in position.

The Cable Run from the Dynamo to the
Switchboard.
A trench wide and deep enough to

is removed.

When a belt
drive is used the
dvnamo pulley
will be lined up
to the engine
pulley before the
dvnamo bed is
fixed in position
on its founda-
tion.

Fixing

Bearer Bofar'd

The cable connections to the switchboard are taken

the
Switchboard.
The iron frame - S e oo
of the switch- ° @ ¥ ¢rre ovs -'-:&.‘&-al“at"’::?‘%\54-"."9'2“30-‘5‘*.‘—'-5“‘~‘ O T
; ; HE ACCUMULATOR STANDS.
boa.r d 15 heid m The accumulators are placed on single tier stands and insulated from them
position  along- glass insulators.
side the partition vertically up to the roof, and along the roof to the partition wall which1s drilled
yup g 1e p

wall, aJlowing for admission of the cables to the back of the switchboard.
sufficient space

between the back of the switchboard and
the wall for a gangway to facilitate the
making and inspection of the connections
to the switchboard.

The position of the feet of the frame is
marked on the floor, also the distance
between the frame and the wall measured
for making the iron stays which will hold
the frame to the wall.

The holes for the feet fixing bolts are
drilled and the fixing bolts cemented in
to the floor.

Two iron stays are made and drilled
for fixing to the wall and the frame.

The wall is marked off and drilled for
the bolts which will secure the stays to
the wall ; the bolts are fixed into position
and cemented in.

The iron frame is drilled in two places

accommodate a length of conduit is cut
in the floor between the dynamo and the
partition wall. The conduit is placed in
the trench, and inspection elbows are
fitted on the ends of the conduit at the
outlet to the dynamo and the partition
wall. A fish wire is left in the conduit to
allow of the cables being drawn through it.
The conduit is cemented over. If this
method is not desired, the cables from the
dynamo may be taken from the terminal
box in a vertical direction to the roof of
the building and across the roof to drop
down the partition wall to the back of the
switchboard. The cables are secured at
suitable intervals with cleats.

The Accumulator Stands.
These should be made of pitch pine and
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obtained. The connections
should be made with sweat-

|

o]
3

A B N

ing sockets and kept neatly
packed behind the board.
It is a good thing to label
the cables for future identi-
fication.

Test the working of the
switches and the contacts
made by the switch blades.
A little clock oil should be
. placed on all spindles and
bearings of moving parts of
the battery cut-out.

)
NN

The Pipe Connections to the
Engine.

Z These are made between

7 the water cooling tank and

the jacket of the engine,

flanged joints made with

THE SWITCHBOARD FRAME BOLTED TO THE FLOOR.
The frame is bolted to the floor and stayed to the wall
A gangway of sufficient width between the
wall and the switchboard 1s allowed to facilitate the connec-

with ragged bolts.

tions to the board.

given a coat of shellac varnish. They are
placed in position on the floor and the
accumulators spaced on them. A glass
insulator is placed underneath each corner
of every accumulator. The terminal lugs
are so arranged that the positive lug of one
accumulator is adjacent to the negative
lug of the next.

Connecting the Accumulators.

All terminal lugs are carefully cleaned
and lead covered nuts and bolts used to
make the connections. Each connection
should be thinly coated with vaseline.

Cable connections are made with lead
covered lugs and the cables given a coat
of anti-sulphuric enamel. The cables are
run along a bearer board which is run
horizontally overhead, this board is fixed
to the lower edges of the roof struts.

The cables are held in position with
porcelain cleats, the heads of the screws
being given a coat of anti-sulphuric enamel.

Making the Connection to the Switchboard.

Particular care must be taken to connect
the cables to the correct terminals on the
switchboard so that the proper polarity is

> suitable packing, and screw-
ed joints with white lead
to ensure watertight con-
nection. The exhaust pipe
should be covered with heat
insulating material.  The
petrol tank is fixed in a suitable position
where it is accessible and safe from fire.

Preparing to Put the Plant into Com-
mission.

Fill the dynamo bearings with lubricat-
ing oil and examine the lubrication system
of the engine and the water circulating
system. Leave all switches open on the
switchboard and turn the engine round.
Having ascertained all is clear, start the
engine and run it at a low speed for a few
minutes ; feel the various bearings and note
that the oil rings are working. Increase
the speed of the engine gradually until
normal speed is obtained. Test the
dynamo for correct polarity at the switch-
board with a moving coil voltmeter.

The engine should be given a no load
run for two hours.

Fill np each accumulator with electrolyte
solution to the correct level,

Close the dvnamo switch and run the
engine; carefully increase the speed and
note the action of the battery cut-out.
When this completes the batterv charging
circuit, adjust the engine speed until the
correct charging rate is obtained.
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REWINDING A SMALL LAP WOUND MOTOR

By J. RowcroFrT

HE particular type of motor to
which this article refers is the
universal tvpe, from ¢, to % h.p.

Try the Motor Before Dismantling.

Before dismantling one should try the
motor by connecting it across the mains
in series with a lamp or other high resist-
ance to avoid blowing the fuses in the
event of the motor being burnt out. Even
if the windings are in very poor condition,
the motor will tend to revolve, and this
will give the correct direction of rotation,
which should be noted. This preliminary
test is necessary in view of the fact that
many of these motors have no arrow
indicating the direction of rotation ; more-
over, the arrow, if present, is sometimes
misleading, as the direction of rotation
may have been reversed at some time or
other.

Dismantling the Motor.

After making a note of this, and the
position of the end plates relative to the
carcase, the machine may be dismantled.

First Take Out Brushes.

First, unscrew the brush caps and take
out the brushes, otherwise the brushes
may be broken when withdrawing the
armature.

Next the Back End Plate.

Next, remove the screws of the back end
plate and tap with a wooden mallet, or'a
small lead mallet, the armature spindle at
the front end. Do not use brute force, as
the end plates are rather fragile; so is the
armature spindle, and if due care is not
taken, a broken end plate or a damaged
shaft will result. It is sometimes necessary
to use a thin wedge to move the end
plate off its register.

Now Withdraw Armature.

The armature, complete with back end
plate, is now withdrawn from the carcase.

If the machine is of the plain-bearing
type, the back end plate can easily be
taken off the armature spindle; if,
however, the machine has ball bearings,
the end plate is held in one hand
whilst the spindle is tapped with a small
wooden or lead mallet. If the bearing is
very obstinate, heat the end plate over
the gas flame for a few minutes, when it
will be quite easy to withdraw.

Testing the Armature.

The armature should now be tested.
First, test it to earth on 1,000 volts; if
O.K., test the armature for voltage drop
between the segments. This is done by
means of sending a constant direct
current through the windings and measur-
ing the voltage drop between each segment.
A sketch of this arrangement, which can
be made in the shop, is given in Fig. 1.
The reading of the voltmeter should be
the same across each consecutive pair of
commutator segments.

Open Circuited.

If the winding is open circuited at some
point the needle will go right over to its
stop.

Short Circuited.

If there is a short circuited coil the
meter reading will be much less than
normal.

What to Do Before Removing Old Wind-
ing.

Assuming the winding to be faulty and
requiring rewinding, proceed as follows:
Count the number of core slots and
commutator segments. Note the position
of the commutator connections relative to
the core, the number of coils per slot, turns
per coil, gauge of wire, and coil span. All
these details should be noted on a record
card or book kept specially for the purpose.
Also the maker’s name, the voltage of the
machine, the speed, the output, the
direction of rotation as already deter-
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mined, and, if the machine is A.C., the
frequency should be noted.

How to Remove the Old Winding.

The old winding can now be removed,
care being taken not to damage the core
slots or spread the laminations. The best
way is to saw through the winding at
each end of the core and then push the
wires out of the slots from each end; the
end portions of the winding are quite easy
to remove.

Rear block,
adjustable

Two metal
“V” Blocks

Vo/tmeter,
@ Central Zero

volts between the segments. If the com-
mutator breaks down it is best to send
the commutator to the commutator
manufacturers for a new one, which can be
had per return at small cost.

It is advisable to replace commutators
made of bakelite, as these will crack or
track to earth when the machine has been
in service a short time.

Now Clean the Core Slots.

The core slots must now be cleaned
ready for the
insulation.
Scrape out all
the old insula-
tion ; if this is
very difficult
to manage,
burn the insu-
lation out by
means of put-
ting the core
over the gas
flame, but
don’t let the
core get too
hot.

Insulating
Core Slots
and Spindle.

Two Sprin
Con tactsg

—_

The insula-
ting of the
core slots and

4("
D.C. Supply

Fig.

Next Remove the Commutator.

Next remove the commutator. A small
press is necessary for this as if the correct
method is not adopted the commutator
will be damaged beyond repair, and in
any case no winding shop is complete
without a small press. .

Test the Commutator.
Thoroughly test the commutator by
applying 1,000 volts to earth and 250

1.—THE Vorts DroP TEST.

Arrangement for sending a constant direct current through the windings
and measuring the voltage drop between each segment.
the readings indicate a defect in the armature winding.

spindle can
now be pro-
ceeded with.
Wind several
layers of Em-
pire tape over
the spindle at
both ends and
close to the
core,

Any variations in

Now Cut Strips of Leatheroid and Empire
Cloth.

Next measure the length of the core,
and cut strips of .006 to .oro thick
leatheroid, the width of the strips being
$ to 1 in. longer than the core. Cut also
strips of Empire cloth the same width.
Place a sample piece of leatheroid in a
slot, and adjust the length until the radial
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Fig, 2.—THE WINDING 15 NOT COMPLETE UNTIL THERE ARE 4 CoIL-SIDES IN EacH Sror As SHOwN
AT I, 4 AND 5.

edges project about % in. above the core.
The leatheroid and Empire cloth can
now be cut into lengths as sample, and
with the leatheroid on the outside, place
one of each in each slot.

Lap Winding,

The armature is now ready for winding.
Assuming the winding to be lap, which is
by far the most common in these very
small machines, by referring to Fig. 2 the
winding will be easy to follow. It will
be seen that there are as many coils as
commutator segments, and that the ends
of each coil are connected to adjacent
commutator segments. The winding
shown has two coils per slot; the coils are
shown with only one turn each for the
sake of clearness. The wave or series
winding is much more complicated and
cannot adequately be described in this
article.

Best Wire to Use.

The choice of wire must now be made.
Enamelled silk covering is the best, but
double silk covering can be used if enamelled
silk is difficult to obtain. Don’t use a
cheap brand of wire; the easiest way to
make endless trouble is to use inferior wire.

How to Start Winding.

Start the winding by wrapping the free
end of the wire round the commutator
end of the spindle, and lead the wire into
No. 1 slot and back again into the slot
determined by the coil span. The coil
span is usually one less than half the total
number of slots in a two-pole machine.
Thus, if the number of slots is 13, the
coil span is six, and one coil would have
one side in slot No. 1 and the other side
in slot No. #.  Wind the correct number of
turns, keeping the turns close together
and the wire free from kinks.

What to Do When First Coil is Completed.

When one coil is completed, and assum-
ing two coils per slot, which is very
common practice, make a loop in the wire
and twist the sides of the loop together,
then place a length of insulating tubing
over the loop as far as it will go. It is
advisable to have two different colours of
tubing, or as many different colours as
there are coils per slot. Then, without
breaking the wire, carry on with the next
coil, and when complete push a length of
tubing over the loop of a different colour
from the first.

When the first two coils are completed
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move on to the next slots without breaking
the wire, and so on round the armature.
Take care to see that the slot insulation
is in the right position; the insulation
should project { in. to } in. beyond the
laminations.

Where to Place Additional Insulation.

As the winding proceeds, place additional
insulation between the top and bottom
coils at the points where the coils cross each
other, as here there is considerable poten-
tial difference, and unless this precaution
is taken there is a danger of the winding
breaking down at these points.

Keep the Wire Fairly Tight.

Keep the wire fairly tight all the time,
and press the ends down frequently, as
if the ends bulge to a greater diameter
than the core it will be impossible to get
the armature into the carcase without
damage to the winding.

Finishing Off the Winding.

When the winding is complete the two
ends should be twisted together as they go
to a common commutator segment. It
is advisable to count the number of ends ;
these should be equal to the number of
commutator segments.

Test Ends for Continuity.

Now apply a low voltage to the two ends,
say, 6 or 1z volts; this is for continuity,
for it is possible to break the wire es-
pecially if it is very fine, without knowing,
since the insulation will hold the two ends
together. If the wire is broken it is
necessary to start all over again.

Now Test to Earth.

After testing for continuity test to
earth on 1,000 volts. Assuming the tests
to be O.K., the winding is ready for con-
necting to the commutator. Place a
washer of presspahn over the commutator
end of the shaft and press on the commu-
tator. Next fill up the space between the
winding and the commutator with cotton
tape to the height of the commutator
risers.

All is now ready for connecting up.
The angle at which the commutator
connections are brought out depends on

the brush position relative to the poles
and the direction of rotation of the
armature.

Correct Angle for Commutator Connec-
tions.

If the brushes are in a line with the
poles, the commutator connections will
be at about 45° to the axis of the arma-
ture. If the brushes are at go°® to the
poles the commutator connections will be
practically in line with the axis of the
armature.

An Important Point to Watch.

The point to watch is that the sides of
the coils are in the neutral zone of the
fields when undergoing commutation, that
is, when the segments to which they are
connected are bridged by the brushes.
It is as well to check this point before
connecting up, as the previous winding
may not have been quite correct from this
standpoint, especially if the direction of
rotation has been reversed.

Regarding the angle of connections with
reference to direction of rotation, the com-
mutator connections ought to be advanced
in the direction of rotation by about 10”
to 20°; this is equivalent to moving the
brushes backward by an equal amount.

Where t6 Start Connecting Up.

Start connecting up where the winding
started, connecting the loops of wire
(after removing the covering of the
ends) in the same order as they were
made, on to consecutive commutator
segments. Use a resin, not spirit, flux and
a well tinned iron when soldering and
avoid shorting the segments with solder.

Testing after Connecting.

The armature should then be tested to
earth, and tested for high and low resist-
ance coils in the manner already described.
A low reading may be caused by foreign
matter being lodged between the segments.
It is best to pick out these surface shorts
with a pointed tool.

How to Detect a Reversed Connection.

A reversed connection is indicated by
a reversed reading on the V’meter scale.
The binding at the front end should now
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be put on, and the last coil at the back end
tied down tight to the shaft. The slot
wedges should also be put into position.

Drying Out the Armature.

Next dry out the armature by placing
it in the oven for an hour or so at a
temperature of about 80°C, and after
thoroughly impregnating it with insulating
varnish, bake the armature again for
several hours at a temperature of 85°C.

Make Sure the Commutator is Dead True.

When the armature is cool turn up the
commutator in the lathe, wusing a
Tungsten Vanadium or other high-grade
tool, or better still grind the commutator
surface with a grinding attachment. It
is of vital importance that the commutator
is dead true with the bearings, as a
commutator out of truth by as little as
.0005 in. will cause severe sparking at the
brushes.

Now Undercut the Commutator.

The commutator should now be under-
cut, the micas being sawn away to a depth
of .020 to .030 in. The commutator can
now be polished and the core cleaned off.
This completes the work on the arma-
ture.

THE FIELD WINDINGS.

The field windings should be tested for
earths on 1,000 volts, and their resistance
compared, this is easily done by sending a
constant direct current through them and
measuring the voltage drop across each
coil, the readings should be equal and the
needle perfectly steady. If either of these
tests prove faulty insulation, take the
windings out, after first making a note of
the connections.

Winding New Field Coils.

Make a wooden former that will fit the
coils, the chucks of the former being
removable. The number of turns and
gauge should be taken and, wusing
enamelled wire,wind new coils as necessary,
taking care to push insulating tubing well
on to the make-offs, or leads, and, after

removing the coil off the former, bind it
with cotton tape tightly, fastening down
the end with thread.

Inserting New Field Coils.

Next form the coils to the right shape
so that they clear the armature, and after
drying varnish and bake as with the
armature. The field coils should now be
placed in position and the leads recon-
nected.

How to Check the Connections.

To check the connections short circuit
the brush boxes, and send a small direct
current through the whole set of coils,
they ought to alternatively attract and
repel the North Pole of a small magnet.

Reassembling the Motor.

The machine can now be assembled;
mount the back-end plate on the armature
spindle, and put the armature in the
carcase; the front end plate has never
been removed, in fact there is often no
front end plate in these small machines,
the carcase being in the form of a cup.

The armature should go into its correct
position without trouble, but if it does
not do not use force, find the cause and
remedy it. Screw up the back end plate,
the armature should spin round by twisting
the shaft with finger and thunb, if there is
any tightness at all, take apart, remove
the cause and reassemble.

Now Test For Four Hours at Full Load.

After replacing the brushes the machine
is ready for testing. Run it at full load
for four hours, and test it finally to earth
on 1,000 volts.

There are very few adjustments one
can make if the machine does not run
correctly. The brush spring tension can
be altered, an increase in tension usually
reduces sparking. If the machine runs
satisfactorily without sparking and with
an efficiency of from 55 to 75 per cent.
without excessive heating, and passes a
final flash test of 1,000 volts to earth for
one minute the machine may be released
to the customer.
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HINTS AND TIPS FOR THE PRACTICAL M AN

Readers are invited to send brief paragraphs for inclusion in this section.
All contributions will be paid for at our usual rates

MEASURING SLIP.
Induction Motor.

The amount of slip gives a useful guide
as to the amount of torque developed by
the motor. When running light the rotor
revolves at very nearly the synchronous
speed of stator, but as load comes on the
difference becomes wider and wider. To
measure the slip in a slip ring induction
motor, a galvanometer and stopwatch
are required. A millivoltmeter will do
instead of a galvanometer. The meter is
connected across two points in one of the
leads to the starting resistance as shown
below.

Starting
Hes.
.
Motor
5,0/7'/1;5

T

The meter will indicate the passage of
a current in the lead, and at the low rotor
frequency it is possible to count the swings
of the needle as it responds to first a pos.
and then a neg. current in the lead.
Count the number of periods in a definite
time, say 20 secs., a period being a com-
plete throw of the needle from one point
back to that point again. Suppose the
supply frequency is 50 and that the stator
has 6 poles, then the stator field revolves
at 1,000 r.p.m.

If #,= stator speed and 7, == rotor speed
vy — 7,

Slip per cent. = X 1c0. (1)

1
If 40 periods are counted in 20 secs.,

then rotor frequency = %: 2

rotor frequencv

100
stator frequency

Alsoslip per cent.=

2
:—O>< 100 = 4 per cent.

Hence as the field revolves at 1,000
r.p.m. the rotor speed equals=g6o r.p.m.

Squirre! Cage Motor.

To measure the slip in a squirrel cage
motor, a coil of say 6 in. dia. of a great
number of turns of fine wire should be
constructed, each end of the coil being
connected to a millivoltmeter.

Side of Coil

My
Mefe/)' @f;ﬁy
@

The coil is held at one end of the motor
in a vertical plane and concentric with the
rotor, as illustrated, when the rotor
periods may be counted as before.

LOOSE BAYONET-CAP ADAPTORS.

The bayonet-cap adaptors as used on
flexible leads often cause trouble through
the cap turning without the base when
taking it out of the lampholder ; a drop of
shellac varnish or Seccotine on the threads
will cure this trouble.

Apply shellac varnish or Seccotine here.

SAFETY PRECAUTIONS.

It is a good idea when working over an
open transformer, to attach spanners and
other tools to some fixed object by lengths
of tape, in order that they shall not fall
into the tank. In addition, no loose
articles should be carried in the workmen’s
overall pockets lest these also should fall
into the tank.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to *° The Practical Electrical Engineer,”’ 8-11, Southampton Street, Strand, W.C. 2.
Envelopes to be marked < Problem > in the top left-hand corner. Replies to questions
are also invited and all replies published will be paid for at our wusual rates

THIS MONTH’S NEW QUESTIONS

Details for a Small Induction Motor.

Can you please give me building details
Jor a very small single-phase self-starting
induction motor fo work at 250 volts 40
cycles.

It will only have an extremely small load
with which to deal ; the main point is for
it to keep a steady speed.

F. N. MiBurN (Craghead).

Equipment for a Telephone Line.

What size of wive should be used for- a
telephone line 220 miles long conmecting
2 magnelo-type P.B. X's with 2,500-0hm
drops and five-bar generators?  Would load-
ing coils, telephone repeaters ov other special
apparatus be necessary, and if so, of what
type? The lines are to be erected on existing
wooden crossarms, on glass insulators spaced
12 n. apart, and it is desived to use Mac-
Intyre joints or some form of commector
not requiving soldering.

This line would vrun through tropical
wooded country with a heavy rainfall.

L. H. (Puerto Mexico Ver).

Meter Rent.

Could you inform me as to whether a
Supply Company has any vight to charge
meter vent to their consumers ? In one case
I know of they do not charge, and in another
case they do.

B. A. Burs (Plaistow).

Flashing Electric Sign Switch.

I want to fix a crawling type of flasher
round a streamer board. Can you tell me
how to construct a drum and contact fingers
suttable for four to six circuits totallmg
60 t0 120 lamps ?

WILLIAM MARTIN (Notts).

An Address Wanted.
I should be grateful if you could supply me

with the address of the English agents for
Helios wviolet-ray instruments, or any firm
who repair these tnstruments.

T. GLEDSTONE (Morecambe).

A Pilot Lamp Problem.

I have under my care a number of electric
cookers.  Attached to the control board is a
pilot lLight; the lamps used ave Philips’
15-watt neon lamps.

I have had several calls to these cookers
with the report that the consumer could not
get any part of the cooker to work but the
light was on.

Upon investigation 1 found ome fuse in
the consumer’s main switch had blown.
Sometimes it was the positive fuse, sometimes
it was negative, and 1t occurs on both A.C.
and D.C.

Could you please offer any suggestions
as to why the lamp should light with the fuse
blown? It does not give jfull light, but
appears to be in series with something.

W. Smit (Ashton).

A Small Washing Machine.

I am continually being asked for acces-
sories of certain wmakes, and sometimes
it is rather difficult to obtain the addresses
of the lesser-known ° firms. At present
I am trying to locate the makers of a small
type washing machine, the vetail price of
which is somewhere in the vegion of £I3
or £14.

Can you please help me ?

E. Hopkinson (Wheelton).

The Fescol Process.

I should be much obliged if you could
gwe any information concerning the electro
deposition of wickel and chromium by the
Fescol Process for the repair of worn
machine parts.

D. F. M. (Lockerbie).
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REPLIES TO PREVIOUS LETTERS
Two Talking Picture Apparatus Queries. been moved

Would it be possible to run a fan in a
cinema operating box ?  The fan has got
brushes for A.C. or D.C. Do you think
the talking would pick it up if it was well
earthed. We have two Kalee No. 7-pro-
jectors, and there is a lot of vibration on
the talking of the one projector. We have
packed the sound head and the motor on
rubber and tightened all the nuts and bolis,
but it has wnot stopped all the vibration.
Could you please advise me what to do?

W. Brown (Upton-on-Severn).

A fan or any similar motor may be run
in the operating box without any risk
of introducing noise into the talkie
apparatus, provided it is not placed
immediately adjacent to the soundhead or
amplifier.

It is impossible to advise definitely re
vibration trouble, as there are so many
possible causes, but would suggest trying
the effect of mounting the P.E. cell itself
on rubber. It would also be advisable to
check the soundhead sprockets and sound-
gate for excessive wear.

A T. S.

Reconnecting a 50-volt Dynamo.

1 have a small 50-volt dynamo. The only
name on it 1s *° Pullman  and it is not wired
up. I enclose a rough sketch of dynamo.
1 should be very pleased if vou could inform
me how to wive same; also, is there anv
particular way for the field coils to be put on ?
I want to work
about fivelights
direct.

D. J. HirLiar
(Marlborough)

When a 4-
pole dynamo
has only two
brushes, they
must be at
right - angles.
The querist’s

sketch shows

the two brush-

€s opposite to O O 0O )
one another. r + - J
1t is probable 4 Field Coils. 2 Brushes
that the

SKETCH OF DYNAMO REFERRED

brushes have 10 BY MR. HILLIAR.

when the
machine was
dismantled.
The machine
will not work
like this, be-
cause the op-
posite brushes
will have the
same polarity,
that is to say,
they will be
both positive
or both nega-
tive.

The  field
coils are con-
nected in
series, as
shown in the
diagram, so
that the op-

posite poles of
the field are
of the same
polarity. After connecting them up, their
relative polarity can be tested by means
of a battery and a pocket compass. Con-
nect the battery (12 volts is sufficient) to
the dynamo terminals with the armature
removed. Now bring the compass needle
near to each pole, in turn, and so deter-
mine whether the polarity is correct. Do
not approach the compass needle too
quickly to the poles, or the polarity of
the needle itself may be reversed.

In order to run lights directly off the
dynamo, without a storage battery, the
engine must be fitted with an efficient
governor, to keep the speed of the machine
constant. A voltmeter is also necessary.
The output voltage of the dynamo is
regulated by adjusting the speed of the
engine, in place of the usual shunt rheostat.

If the dynamo fails to generate when
it is first fried, reverse the direction ot
rotation and make sure by means of the
pocket compass, that the residual mag-
netism of the field poles has not been
destroved by driving in the wrong direc-
tion. If it is not convenient to reverse the
direction of rotation, change over the two
field connections to the terminal block.

TO

MeTHOD OF CONNECTING UP.

LIGHTS
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Improvement in Gas-filled Lamps.

A new type of electric lamp is to be intro-
duced very shortly. It is known as the
Coiled-Coil Filament Lamp, and is the result
of research work on the part of lamp com-
panies associated with ELLM.A.

All our readers are familiar with the con-
struction of the ordinary gas-filled lamp in
which a spiral of very fine wire is used as
the filament. In the new lamp the spiral
filament is coiled upon itself and it has been
found that this arrangement enables greater
efficiency to be obtained, more especially in
the smaller sizes of lamps. Given the prin-
ciple of spiralising the filament in order to
minimise the loss of heat by conduction and
convection, the adoption of the coiled-coil
principle is a fairly obvious step. It can
be appreciated, however, that considerable
difficulties of manufacture have had to be
overcome before such a system could be
brought into every-day use, and the new
lamp represents a triumph of research
applied to a manufacturing problem.

. It is easy to see that the adoption of this
new type of lamp may have far-reaching
effects in all branches of the electric lamp
industry.

Modern Lighting Systems for Works and
Factories.

When the Osira high-pressure electric
discharge mercury lamp was discovered by
the G.E.C. Research Laboratories and intro-
duced as a commercial article for street
lighting just over a year ago (see our issue
of June, 1933), enthusiasts were anxious
immediately to take advantage of this high-
efficiency medium for all kinds of purposes
without considering its suitability.

The G.E.C. was reluctant to encourage
such enthusiasts to use these lamps in cir-
cumstances where disappointment might
ensue, and, therefore, set itself immediately
to explore all possibilities with a view to
determining under what circumstances it
was possible, honestly, to recommend Osira
Lighting.

Three principal factors had to be con-
sidered. Firstly, the rating of the lamp from
the lighting point of view made it too bright
for ordinary industrial work except in cases
where ample suspension height was available.

The second factor was the question of
flicker. This is mnot pronounced when
adjacent fittings are connected to different
phases of the mains supply, but under usual
conditions it makes rapidly moving
machinery appear to slow up, thereby making
the lamp unsuitable for use where such
machinery is in operation.

The third consideration was the colour
of the light, but in this respect there was
nothing to indicate that, except in circum-
stances where special colour detection was
required, the light from the Osira lamp would
be any less suitable than that from ordinary
incandescent lamps.

The G.E.C. is now definitely in a position
to recommend Osira lamps for industrial
lighting, under conditions premised above,
namely, that there is ample height, no fast-
moving machinery, and strict colour dis-
crimination is not involved in any processes.

‘Works managers and engineers interested
in the problem of relighting their premises
would be well advised to consider the pos-
sibilities of this highly efficient system.

A New Photo-cell Application.
We are informed by the General Electric

34
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Company, Ltd., that they are placing on
the market a special device for installing at
the entrance to a garage or service station
for providing an immediate indication when
a car approaches. The well-known com-
bination of a beam of light, Osram photo-
electric cell and a suitable amplifier are
used. When a car is driven up in front of
the establishment it automatically inter-
rupts the light and causes a bell to ring
in the office. The apparatus may also be
arranged to switch on the lights in the
establishment.

Here is an excellent opportunity for more
business for the enterprising electrical con-
tractor. The General Electric Company
will be pleased to supply details of this
device to any readers of the PracrticaL
ErLecTrICAL ENGINEER who may be in-
terested.

A Smoke-Detection Equipment.

We have also received from the same source
particulars of a photo-cell equipment for
smoke detection in factory chimneys. A
noteworthy feature is that, unlike some older
systems, this does not suffer from *‘ sooting
up ”’ of the apparatus by the smoke. The
actual installation of this equipment is a
simple matter and can be carried out by any
average mechanic.

Working to Musie.

The use of a powerful gramophone
amplifier in a factory to drown the noise of
the machinery seems at first sight rather a
drastic remedy. However, this novel idea
has been introduced successfully in the work-
shops of Messrs. J. B. Brooks & Co., Ltd,,
of Birmingham, the well-known manufac-
turers of cycle saddles, ‘‘ Antler ' leather
goods and steel equipments. The music is
provided from gramophone zecords by
means of a ro-watt amplifying equipment
installed . by the British Thomson-Houston
Company, Ltd.

The results of this interesting experiment
have been very satisfactory and have led
to the creation of a still happier atmosphere
amongst the employees with a corresponding
improvement in production. Other firms
will no doubt follow the lead of Messrs. J. B.
Brooks & Co., with the same beneficial re-
sults. -

Electric Mains Rediffusion.

Readers of the Magazine are already
familiar with the system of relaying radio
by which the programmes are received at a
central point and redistributed tosubscribers
by means of special wires carried from house

to house. The British Insulated Cables,
Ltd., Prescot, Lancs, working in colla-
boration with Captain P. P. Eckersley, have
now perfected a system which enables this
rediffusion to be carried out over the
ordinary electric light mains. Several pro-
grammes can be sent over the same pair of
wires and each subscriber is provided with a
loudspeaker and a selector which are in-
corporated in the same case. By turning
the selector switch any one of three pro-
grammes can be picked up. A successful
demonstration was given on Monday, 28th
May, at St. George’s Hall, Liverpool, be-
fore visitors to the I.M.E.A. Convention, the
mains of the Liverpool Corporation being
used for the purpose. We wish this new
enterprise every success.

Radio Firm Builds
Factory.

We are glad to be able to announce that
owing to the phenomenal increase in the
demand for Cossor products a further
factory is being built by them at Highbury,
London. When completed the factory will
provide work for over 1,000 workers.

Another Five-storey

A New Idea for the Electrical Warming of
Buildings.

We are informed by Messrs. J. H. Taylor
& Co. that they are introducing a new
system of electrical warming of buildings
which they describe as the ‘‘ Health-Ray ”’
Heat-Wiring System. Instead of wusing
heating elements working at a fairly high
temperature, they propose to use a great
length of heating wire running at a tempe-
rature very little in excess of the surrounding
air, so that the heating effect is equally dis-
tributed in all parts of the building.

The exclusive licence for the manufacture
and sale of the system in Great Britain has
been granted to Messrs. Johnson & Phillips,
Ltd., Charlton, London, S.E. 7, who have
published a catalogue, No. HR-1, fully
describing the system and the methods of
installation. The wpatent rights for the
British Dominions, Colonies and foreign
countries are available to manufacturers and
others desirous of acquiring such rights.

The system can be installed by all com-
petent electrical installation contractors.

A Time-saving Screwdriver.

We have received from the Burgess Pro-
ducts Company, Bush House, London,
W.C. 2, an efficient screwdriver fitted with
a flashlamp bulb in the handle. This can be
switched on to illuminate the heads of
screws in dark and inaccessible places.
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kind of motor to ST I. Be placed in
be controlled. For 1! | an oven or
a squirrel - cage - i other warm
motor, a direct, TS I P ! [? ?_QJ [ J place the tem-
star-delta, or auto- e perature of
transformer starter which does not

will be in order,
while a slip-ring I
machine will require
either a combined . ,
stator and rotor R Z,
starter, a stator cir- -

cuit-breaker with L/i' 5 ==

a rotor controller o " o

and bank of resist-

ances, or a stator Tf

By N
circuit-breaker and [N -OA;A—-——-——2

a liquid controller
for the rotor circuit.

Test Motor Before bommmm ] -
Installing.

exceed go° C.
(104° F.).

2. Have a current
from a low

A b T
A A AN C1

PAVAVAVAVAVEEE
VOV

Ccz

voltage source
(preferably
A.C.) passed
through its
windings. This
current should
not exceed the
full-load cur-
rent stamped
on the motor
nameplate,
and the rotor

Presuming that
the starter is found
to be correct we
may proceed, and
the next operation
should be to test
the motor. Before
the manufacturer
ships a motor it
always has a run-
ning test, so that
we need not con-
cern ourselves with

Fig. 2.—CONNECTIONS FOR DRYING-OUT.

When the windings are star connected, the
arrangement shown in Diagram I should be
employed, and the current should be adjusted
to the full load amps. as stamped on the name-
plate. For delta connections, II applies, the
current being limited to 6o per cent. of the
nameplate value, however. In both of these
cases the connections should be changed every
eight hours during the drying-out period in
order to obtain even heating on all phases.
The alternative connections are given above,
and the three circuits should be employed in
strict rotation. For star-delta machines use
the connections given in III and keep the
current at 6o per cent. nameplate value, or less.
There is no need for alteration of connections

shouid be
clamped and
prevented from
revolving.

. Have heaters

placed around
it (and within
it if large) so
as to raise its
tem perature;
this method is

this, being content in IIL
totest theinsulation
only since after being tested and passed at
the makers’ works the motor may have been
stored for a considerable time, allowing
the insulation to absorb moisture from
the atmosphere. In order to be sure that
the motor is fit for connecting on the
supply circuit it must be ° meggered,”
and the insulation resistance as measured
by a 500-volt instrument should not be
less than :—

Nameplate Voltage

1,000 + Horsepower

If the Insulation Resistance is Low.

If the test discloses a figure lower than
given by the above formula the motor
must be dried out. To effect this it must
either :—

most  applic-
able to " T.E.
machines.
The connections
for the second method, using D.C.
or single-phase A.C., are shown in

the figure, and when method three is
used care should be taken that the heaters
cannot scorch any insulation, and, of
course, all ventilation and inspection
openings must be covered to minimise
loss of heat.

“* Megger *’ Daily During Drying.

The motor must be tested for insulation
resistance at daily intervals during drying
out, and when it is found that three
successive insulation readings have practi-
cally the same value the drying out may
be considered complete. Providing the
final insulation reading values agree with
the figure obtained by the method
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motor should al- required. Theslack
ways be mounted side of the belt
upon slide rails should be on top,
unless a  jockey and the correct

pulley is used.

The distance be-
tween the centres
of the pulleys should
not be less than
four times the dia-
meter of the larger
one, although
smaller centres may
be used in conjunc-
tion with the idler
pulley mentioned
above. Vertical
drives must be

width of belt can
be calculated easily
from the tables
given in belt
makers’ catalogues,
while the same
source will give
information as to
the jointing meth-
ods available.
Many belt makers
offer jointless or
factory jointed

J,og_rx:x
@ QRIVER
I

DRIVER

avoided at all -
costs, since they
are invariably
troublesome. The
belt used must he
flexible and the
joint should be free,
smooth, and as flex-
ible as possible,
and the belt tension must be adjusted so that
the load is transmitted without slip, while
on the other hand the belt must not be so
tight as to be board hard when stationary.
A good belt drive runs without flapping
on the slack side, and is quiet and smooth
at all loads. The belt speed should not
exceed about 4,500 feet per minute, if
good belt life and sweetness of running is
to be ensured, so that the smallest per-
missible size of motor pulley will be :—
17200
inches.

RPM

This minimum pulley size must be
approved by the motor maker, because
too small a pulley may result in a broken
motor shaft or bearing trouble ; and while
discussing pulleys it should be noted that
those with crowned faces are preferred
practice, except in special cases. All
pulleys should be well balanced.

When fitting the belt it must not be
forced on to the pulleys; the motor
must be moved along the slide rails so
that the belt can be placed on both
pulleys and then the motor can be moved
back so as to obtain the belt tension

Fig. 6.—BELT DRIVES.

The upper diagram shows the application of
a jockey pulley on the slack slide of the belt
1n order to increase the arc of contact on the
small driving pulley ;
of service when the centre-distance is small.
The lower sketch shows a plain belt drive. Note
that the slack side of the belt should always
be on the top as shown.

belts, and these
have much to re-
commend them on
the score of smooth-
ness, flexibility,
quietness and in-
creased life. It will
be understood, of
course, that the
pulleys must be at
least 1 inch wider than the belt, for drives
of anything over 10 h.p.

this method 1s often

Rope and Shaped Belt Drives.

The drive may be transmitted by ropes
or shaped belts, the first mentioned
method often being used for very large
powers in the textile trades, while the
shaped belt (Texrope, Whittle, etc.) has
a very useful sphere in smooth drives at
short centres. The sizes of ropes and belts,
together with particulars as to pulley
diameters and drive data generally, is best
obtained from the rope or belt makers who
have compiled very complete lists and are
always willing to give advice on these
highly specialised drives. Let it be said
here, however, that drives of these types
will often repay consideration in cases
where gears seem to be necessary.

Chain Drives.

The chain is a belt which cannot slip,
and the modern chain is silent, efficient,
compact and durable, besides being of
reasonable first cost. Here again the
specialist chain drive makers may be
consulted with advantage (they have
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branches almost everywhere), but the
following brief notes may be of assistance.
Good practice makes the centre distance
about 45 chain pitches, although smaller
centres can often be employed, while the
normal maximum ratio should not exceed
about 6.3. This figure can be increased to
about a % ratio in some cases. Chain
covers should be used, and means provided
for efficient lubrication of both wheels and
chain.

Gears.

Gear drives are positive, very compact,
and, properly installed, most efficient and
quiet. Badly fitted gears are noisy,
dangerous, and troublesome. The motor
shaft must be properly proportioned for a
gear drive and the motor maker must be
consulted regarding the minimum pinion
diameter. All gears must be machine cut,
and it is good practice to use a rawhide,
paper, or special composition pinion on
the motor shaft. The ratio of gear drives
should not exceed six to one, while the
pitch line speed of the gears should be
kept down to 1,000 feet per minute or
less if possible. Spur gears are the ones
most commonly used, if it is proposed to
employ any other type the motor maker
must be consulted, since some types of
gear require special provision for thrust
or other stresses in the motor bearing.
Gear driving is a specialised matter and a
gear maker may be consulted with
advantage.

Direct Coupled Drives.

This arrangement is commonly em-
ployed where the speeds of motor and
driven shaft are the same. ZEither rigid
or flexible couplings are permissible,
although the latter type will allow for
some slight malalignment. There is little
to say regarding couplings—the correct
size will be put forward by any mill-
wright’s supplier on quoting the horse-
power and speed, while as regards the
type much depends on the users’ prefer-
ences. The all-metal types are very
durable, although some of the other types
will give equally excellent service. If the
driven shaft has end play, the motor
makers should be asked to provide a
motor with an equal amount of end play;

while at the same time the order for the
coupling must state that end play will be
present and the amount should be
specified. If this end-play question is
neglected, trouble with both motor bear-
ings and flexible coupling is liable to
ensue.

Aligning the Drive.

True alignment is of the greatest
importance; neglect in this respect leads
to belts and ropes running off and breaking,
to broken chains and gears, and, in the
case of direct coupled drives, to broken or
bent motor shafts and damaged bearings.
In addition to all this trouble, bad align-
ment sets up noise and vibration, and leads
to excessive wear of all parts of both
motor and drive.

The method of ensuring correct align-
ment will be clear from the figures which
should be used in conjunction with the
following notes. For belt, rope, chain and
straight gear drives, the one method of
aligning applies equally, and in order to
appreciate the full significance of the
methods to be used it must be remembered
that for two shafts to be aligned correctly
they must be exactly parallel to each
other. This definition does not apply to
direct coupled drives, of course, since in
these cases alignment does not exist
unless the centre lines of both shafts
coincide. 'When aligning belt or rope
pulleys, gears, or chain wheels, it is
essential that the centre lines of driven
and driving members should lie on the
same line. The illustrations will make all
these points clear.

Aligning Belts, Ropes, Chains and Gears.

First check that the shafts are parallel
by measuring the distance between them,
at two points as far apart as possible.
For instance, in the case of a motor
driving a lineshaft, we would measure the
distance from the motor shaft centre line
to the lineshaft, first at the free end of
the motor, and then at the pulley end,
taking care, of course, that the measure-
ments are made at right angles to the
motor shaft. Rather than measure from
the motor shaft centre it is a good plan
to use the bolts in the motor feet in con-
junction with cords or wires, as shown in



474

THE PRACTICAL ELECTRICAL ENGINEER

July

Fig. 7—ALIGNING A BELT DRIVE.

When lining up by means of plumb-lines, ,
as shown, the lines should be fixed to the upper
shaft so that the plumb-bobs hang at the same
level as the motor foundation bolts, and they
should be separated by a distance (A) which
equals the dimension between these foundation

bolts (B). For true alignment between the
shafts the distances C and D must then be equal.
Note that the measurement of C or D must
be made on a line at right angles to the motor
shaft. Theeasiest way toensurethisistomeasure
along a straight edge which is laid across the
centres of the foundation bolts of each sliderail,
i.e., bolts X and Y. In other words, the plumb-
bob, bolt X, and bolt Y must lie on a straight
line.

the illustration; this method avoids the
doubt that the measurements have not
been made along a line at right angles to
the motor centre line. If the measured
distances are equal, the shafts are in line ;
if the measurements are not the same, the
position of the motor must be adjusted
until this condition is attained. A steel
rule or tape should be employed in making
the measurements, since tapes or strings
are liable to stretch and give misleading
results.

If the shafts are separated by some
considerable distance so that the use of
direct measurement is prohibited, by
difference of the two levels, for instance, it
is common practice to employ two plumb
lines suspended from the higher shaft,
and to mark the positions taken up by
the plumb bobs at the level of the lower
shaft. The distance between these mark-
ings and the centre of the second shaft
are measured as before, and equality
denotes alignment. If the lineshaft is the

highest, the plumb-lines are fixed to it
separated by a distance equal to the
length of the distance between the motor
holding-down bolts; while if the motor is
highest, the plumb-lines would be attached
to its fixing bolts. The illustrations make
this clear.

For Level Shafts.

When the shafts are on the same level,
but a considerable distance apart, it is
usual to align by means of the pulleys, in
conjunction with a lining-up cord or wire.
In this method a cord is employed which
is stretched between the shafts a few inches
from the edges of the pulleys, the cord
being so arranged that its points of support
are some little distance beyond the outer
edges of the pulleys, while a careful test
is made to ensure that the cord is at right
angles to one of the shafts (either one will
do). When all is set up correctly, measure-
ments are taken from the cord to the
pulleys—in the case of pulleys of equal

le Cord

Foundation Bolts

A

Fig. 8.—UsING A LiNniNg-uP CORD.

The cord (or wire) is stretched tightly between
the motor foundations and supports some dis-
tance beyond the lineshaft. The sketch shows
a very convenient method of using the cord,
and illustrates that contact between the near
side foundation bolts and the lining-up cord
must be obtained. The two distances A must
then be equal for true alignment. This method,
and the arrangement shown in Fig. 7, are used in
combination when the levels are different.



July

THE PRACTICAL ELECTRICAL ENGINEER

475

width the measurements being taken
from cord to pulley edges, as shown in the
sketch ; while, when the driving and driven
pulleys are of different width, the dimen-
sions from the pulley centre-line to the
cord is employed, instead of measuring to
the pulley edge. For exact alignment all
four measurements must be equal.

A similar method is used to line up
drives the centre distances of which do not
exceed about twenty feet or so. In this
case, however, a rigid wooden or steel
straight-edge is used, and it is so placed
that it makes contact with the edges of
both driving and driven pulleys at two
places on each pulley, i.e., four contacts in
all. The position of motor and pulleys is
adjusted until these four contacts take
Place, and the drive is then aligned.

Aligning Chains
and Gears.
Chain drives
are dealt with
—— exactly as for
belts and ropes,
as also are
gears, noting
that while small
misalignments
will  probably
not give rise to
trouble in belt
or rope drives,
anything appre-
ciably short of
perfection  in
. —— the lining-up of
chains or gears
will quickly lead
to break- down.
Note also that
chain or gear
drives must be
fitted at the
correct centre
distance as re-
commended by
the  designer,
and that it is
essential that
pinions or
wheels run per-
fectly truly on
their shafts.

10.—ALIGNING PuL-

LEYs. (IL)

The straightedge is placed
so as to make contact with
both pulleys at two points
at opposite ends of a dia-
meter in each case, i.e., four
contacts in all, and when
the relative positions of
motor and driven pulley
have been adjusted to bring
this about the drive is align-
ed. If the pulley faces are
unequal the cord method (I}
should be used and the cen-
tres of the pulleys aligned.

Fig.

Fig. 9—ALIGNING PULLEYS.

(1)

The cord is stretched at right angles to one
of the shafts and in a position a few inches
from the edge of the pulley. The position of the
second shaft and of the pulley upon it is then
adjusted, so that the four dimensions shown
arrowed are equal, and the pulleys are then

truly aligned. If the pulleys are of different
widths the measurements are made from the
cord to the centre of the pulley face in each case.

Aligning Direct Coupled Drives.

For either rigid or flexible couplings the
usual method of lining-up is to place a
straightedge across the coupling flanges
at four places go°® apart. If the straight-
edge makes full contact with the whole
length of the coupling flange, as shown in
the drawing, the machines are in line, but
if full contact is not secured, the position
of one machine must be altered until it is.
Neither machine must be rotated while the
lining-up is being adjusted, but when one
set of four straightedge applications at go°
shows true alignment, one only of the shafts
should be turned through half a revolution
and a second four trials should be taken at
the same positions as the first ones. If
this second series shows lack of alignment,
bent shafts, untrue couplings, or a twist in
one or both coupling flanges should be
locked for, and when the error is found it
must be corrected before the lining-up can
proceed.

As a check on this method in the case of
rigidlv coupled drives it is usual to measure
the distance between the couplings at
four points a quarter of a circle apart,
before pulling up the coupling bolts. The
measurement should be done with a feeler
gauge, and the couplings must not be
turned while the clearances are being
taken. As before, equal measurements
denote alignment.
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arranged  for  attachment to  the
machine terminal box, and they
comprise sealing chambers, trifurcating
boxes, plumbing-cones for lead-covered
cables, and armour clamps. These details
are employed in various combinations to
suit the cable, while in the case of conduit
wired machines an adaptor plate is supplied
for the terminal box; this adaptor plate
may be drilled and tapped for the conduit
as required.

In view of these facts it is advisable
to order the cable fittings with the motor,
although they can usually be supplied from
stock if this has been overlooked.

Earthing.

For reasons of safety it is essential
that the motor frame be earthed, and a
terminal and cable socket is usually
provided on the motor frame or foot for
this purpose. A stout earthing wire should
be soldered into this cable socket and run
to the nearest earthing point. Sometimes
the cable armouring or conduit is used for
earthing, precautions being taken to
ensure continuity of the earth circuit right
through to the actual earthing point.
When this is done, the earth wire from the
motor should be securely attached to the
conduit or cable armour, which must be
thoroughly cleaned down to the bare metal
to ensure an efficient connection.

It is not usually sufficiently safe to
allow the conduit or cable armour to make
the earth connection at the motor terminal
box, since many manufacturers use pack-
ings of cord, etc., to obtain a joint between
the adaptor plate and the motor terminal
box. Under these conditions it is possible
for the packing to form a break in the
earth circuit, so that a separate earth
wire from the motor frame to the con-
tinuous earthed circuit should always be
employed. In this connection it must be
noted that ‘‘ flexible conduit ”’ cannot be
considered a good earthing conductor, and
that the earth wire must be carried back
beyond the flexible portion to the solid
conduit, or to some other continuously
earthed circuit.

To be efficient, reliable, and safe, an
earthing circuit should have low resistance
{flexible conduit sometimes has con-
siderable resistance} and be absolutely

continuous. It must never be broken by
switches, and in some few cases it may be
found advisable to run a special earthing
main, designed to give the low resistance
necessary. Failure to earth a motor
effectively may lead to shocks or even fatal
accidents in case of insulation breakdown.

Starting Up.

Having reached this stage we are ready
to start up and carry the load. Before
doing this, however, check over the con-
nections with the help of the diagrams,

forwarg Reverse
Starter
L L3 Ll 12 L3
%
Supply
Cables.

F1g. 14—REVERSING ROTATION.

To change the direction in which a three-phase
induction motor rums it is only necessary to
change over two of the supply cables, as shown
in this diagram. There is no need to alter any
connections in the motor terminal box.

examine the earth wire, pull the belt
round to ensure that it is free, see that the
starter (if of the oil-immersed type) is
filled to the correct level with suitable oil,
and ensure that any overload dashpots
fitted are filled with oil of correct grade.
Overloads should be set to trip at about
one and a half to one and three-quarters
time full load current as stamped on the
motor nameplate. If all these points are
in order start up slowly, giving the motor
a few seconds on each step to accelerate,
and when up to full load speed observe
that the vibration is not excessive and
that the drive is running sweetly.

When starting up a slipring motor with
brush lifting and short circuiting gear be
quite sure that the brush lever is in the
“start 7’ position before closing the main
switch, and as soon as full speed is reached
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move the handle smartly to the “ run

position.

If the Motor will not Start.

If, upon attempting to start the motor,
it is found that it fails to revolve or will
not accelerate beyond a low speed, the
starting handle must be returned to the
“off ” position immediately, otherwise
the windings may be damaged. Before
attempting to start up again a careful
inspection should be made on the following
points :—

(r) Are connections correct to diagrams?

(2) Is the voltage reaching the starter ?
Make sure that no section main switch is
open, and that there are no fuses drawn on
the motor circuit.

(3) Are all terminals tight ¢ Make sure
there are no bad contacts in either cabling
or control circuits.

(4) If a brushgear handle is fitted is
this in the * start ”’ position ?

(5) Is the line voltage dropping ex-
cessively when the starter is operated ?
A 4o0-volt line which falls to 360 volts or
less when starting up may make starting
impossible.

(6) Try starting more slowly if none of
the above points appears to apply.

If all these matters are found to be
correct, or have been corrected, remove
belt or chain and try starting up light. If
the motor gets away satisfactorily, replace
the driving arrangement and try again.
If the machine starts and runs up to full
speed without any trouble load may be
applied to the driven machines, while if
it is found that the motor still refuses to
start although all connections, etc., are in
order then the manufacturers should be
consulted.

If Motor Refuses to Take Load.

In this event make sure :-—

(r) That overload trips are correctly set
and any time lags suitably adjusted.

{(2) That the load applied is not too
large ; motors must not be called upon to
carry more than about 50 per cent. over-
load, and this must not be applied for any
length of time. Observe the ammeter
reading, currents in excess of 120 per cent.
full load nameplate current must not be
allowed for more than a few seconds, while
currents greater than 150 per cent. full
load current may indicate a load too heavy
for the motor to pull in any case.

(3) That the drive is free in all positions
and is not sticking or stiff.

If, after all these points have been
checked, the motor still refuses to start or
carry the load, consult its manufacturers.

To Reverse Rotation.

If the motor runs in the wrong direction
change over two of the incoming cables to
the starter or stator circuit-breaker, this
change of connections is shown in the
sketch.

Conclusion.

The above notes are not intended to be
exhaustive, they are set down simply to
point out matters which are not usually
dealt with in makers’ lists, instruction
booklets and cards, or standard hand-
books. The more usual ‘‘ snags > which
are encountered in the installation of any
type of electrical machine are pointed out,
while the points to be watched in main-
taining induction motors in good working
order will be the subject of a later article.

MARKING DISTRIBUTION BOARDS

Distribution boards should be marked
so that the neutral and the live bus-bars
can be seen at a glance.

This can be found by connecting a test
lamp between the iron frame of the fuse-
board, or the conduit, and each bus-bar
in turn. The lamp will glow when in
contact with the live bar.

The advantage of being able to distin-

guish the live side is helpful when renewing
blown fuses, as it often gives an idea of
the trouble which caused the fuse to blow.

A fuse which blows “ clean out ” on the
live side only, invariably points to an
earth fault, and it is advisable to see that
all the branch switches are off before
replacing such a fuse in case the scattered
metal should burn the fingers.
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Fig. 3—THE ARRANGEMENT OF THE COILS ON
THE STALLOY CORE, FOR THE SIDE BY SIDE TYPE

OoF CONSTRUCTION, WHICH IS ADOPTED FOR 25-
I120-VOLT SECONDARIES,

space, which is inevitable in a short coil.

The form of winding adopted for the
strip wound secondary shown in Fig. 4.
The primary is wound on first, then in-
sulated with a strip of +-in. bakelite or
paxolin. The starting 51ze of the secon-
dary is now about 3 X3 ins., with well-
rounded corness, which makes the winding
of the strip reasonably easy.

The Former.

A temporary wooden former is required
for winding the coils. The method of
constructing the coils is to wind the wire
on this former, remove it and tie up with
thread, then insulate it with Empire tape.
The impregnation and baking, which is

WINDING DATA.

PriMARY WINDINGS (50-60 CYCLES).

S.W.G.

Volts. Enamel. Turns.
250 19 875
240 19 840
230 19 805
220 I9 770
210 19 735
200 19 700
130 17 ' 453
120 17 420
110 17 ‘ 385

100 17 350

z,

Fig. 4—THE ARRANGEMENT OF THE WINDINGS
FOR THE STRIP WOUND SECONDARIES, WHICH
ARE USED FOR VOLTAGES BELOW 25.

necessary for a cotton-covered winding,
is carried out before taping up.

The former for the side-by-side coil
construction is shown in Fig. 5. An
allowance of 4-in. all round is made for
the tape. Thls may seem too much, but
it must be remembered that the tape piles

WINDING DATA.

SECONDARY WINDINGS. 120-25 volts.

Volts Amps S.W.G Turns.
I20 3.3 18 enam. 440
110 3.6 17 enam. 405
100 4 17 enam. 367

75 5.3 16 D.C.C. 275
60 6.7 15 D.C.C 220
50 8 14 D.C.C. 184
40 10 13 T.C.C. 147
30 13.5 12 T.C.C. 110
25 16 11 T.C.C 92
SECONDARY WINDINGS. 20-6 volts.
Braided Strip Yards of
Volts. | Amps. | Copper Section. | Turns. Wire,
|

20 20 .050 X .200 ins. 73 31

18 22.2 | .050 X .250 ins. 66 28

12 33.3 | .060 X .300 ins. 44 19

10 40 .060 X .360 1ns. 37 16
9 44.5 | .070 X .3501nS. 33 15

50 .070 X .420 1nS. 29 12
7 57 .080 < .400 ins. 26 11
6 67 .080 >. .480 ins. 22 10
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LIGHTNING

PROTECTION FOR TRANJS-

MISSION LINES

By W. A. Coates, M.LEEE, Fel ALELE.

T is common knowledge that the
potential behind a lightning stroke

is computed in millions of wvolts.

The current is extremely small, the power

involved having been assessed
by the foremost authorities as in
the region of 2,000 or 3,000 kW.
That which appears to the eye as
a single stroke is, in fact, a
succession of sparks between
cloud and cloud or earth, each
lasting one or two micro-seconds
(millionths of a second).

Until lately, it has been
thought that electrical appara-
tus, and especially overhead
transmission lines, could be sub-
jected to dangerous over-voltages
by induction from lightning
striking in  the  wvicinity.
The invention of an instrument
known as the recording klydono-
graph has permitted quite
accurate observations to be
made, which confirm the theory
held previously by a minority,
that except on low voltage lines,
real trouble is always associated
with a direct strike,

What Happens When Line is
Struck by Lightning.

The fact that a transmission
line is struck by lightning does
not mean that the line therefore
acquires a potential of millions
of volts. Most of that enormous
pressureis used in breaking down
the air between cloud and line.
The impressed voltage between
the line and earth varies very
widely. It may easily be high

enough to break down the insulation of
even the highest voltage equipments,
although, as may be expected, the more

Iig.  1~—STRAINING
INSULATOR, SHOWING
ARCING HORN AND
RING LIGHTNING
ARRESTER.

Notice the position
of the arcing devices,
to ensuare that the arc
caused by lightning
strikes clear of the
porcelain,

derived.

highly insulated gear suffers least from
lightning troubles.

Character of Lightning.

The lightning travels along
the circuit in both directions,
until it can discharge to earth,
over or through the insulation,
or the air.

In practice, lightning waves
do not travel far along trans-
mission lines. A considerable
loss of the energy would occur
in the form of corona discharge
from the wires themselves, in
any case, added to which the
breakdown of a few insulators is
usually sufficient to reduce the
over-voltage to harmless pro-
portions. Insulator breakdown
is rare beyond a quarter of a
mile from the place at which
lightning strikes, and the travel-
ling wave has disappeared at two
or three miles distant.

The Breakdown of Insulators.

The insulators which are used
out of doors, either to support
transmission lines, or as inlet
bushings on transformers and
switches, must, of course, with-
stand the effects of rain, dust,
etc., without breaking down.
This is accomplished by fitting
them with suitably shaped
porcelain rain sheds. If the
voltage is increased deliberate-
ly until flash-over occurs, it is
found that the pressure neces-
sary varies both with the surface
condition of the porcelain and

with the source from which the voltage is

As a rule, insulators are rated by their


















July

THE PRACTICAL ELECTRICAL ENGINEER

489

REWINDING

HEATING ELEMENTS

By F. H. Haywoopo

HE use of electricity for heating
and cooking purposes is rapidly
developing in all parts of the

country, and whilst the modern manufac-
tured radiators, kettles, irons, etc., are
very reliable if used properly, yet they
do sometimes burn out.

Elements can, of course,
be obtained from the

element of known length (of say 3 ft.) and
measuring it by ammeter and voltmeter
as shown in the sketch.

The current is brought up to the
required value either by cutting out
resistance or altering the transformer
tapping (see Fig. 1). Some idea of the

manufacturer, but for the Mains , Mains

small undertakingsin par- Multi-tapped
ticular who are respon- 7 AL 7O 00
sible for the maintenance oo000B0R0%080

of a variety of apparatus @

of different makes, load- S

ing, and perhaps even

voltage, the stocking of Resistance R Resistance
such spares entails the under Test under Test

use of money which could (€)] )

otherwise have been
spent. It is only neces-
sary to purchase a few
pounds of different gauge
resistance wires and tapes, and we are
capable of repairing practically any piece
of apparatus immediately.

Rewinding Radiator Bars.

First, concerning the rewinding .of
radiator bars, the importance of even
spacing of the spiral and of not disturbing
the oxidised coating of the wire cannot be
over-emphasised. Let us consider the
usual 3 kW. radiator with three elements
consuming I kW.each or 4 amps. on, say,
250 volts.

We thus require first of all a spiral
capable of carrying 4 amps. and having
a hot resistance of 62.5 ohms. Manufac-
turers of resistance wires will supply tables
giving the current-carrying capacities of
different grades of wires and also the
resistance at varying temperatures. It is
thus a simple matter to select a suitable
wire for the purpose.

If no tables are available, or if it is
desired to use some old wire (old stock),
then the hot resistance per foot can be
readily obtained by winding up a sample

Fig. 1.—Two METHODS OF FINDING THE RESISTANCE OF WIRE.
The current is brought up to the required value by cutting out
resistance (1) or altering the transformer tapping(z).

carrying capacity of the wire can also be
gathered from the above by noting the
spacing and colour of the heated spiral.

Winding the Spiral.

Assuming we know the resistance of the
wire per foot, it is an easy matter to
calculate the length of wire required, which
should be carefully measured off, allowing
a little extra for leads. The spiral can next
be wound on a suitable wire fixed in a
lathe, carefully avoiding the wire running
back along the spiral and so damaging
the oxidised coating. With a little practice
the winding of a perfect spiral is only the
work of a few minutes.

Transferring the Wound Spiral to the
Porcelain Bar.

With regard to transferring the wound
spiral on to the porcelain bar, a few points
can be watched which will ensure that a
satisfactory repair is effected. In order to
make a good terminal connection, clean the
ends of the wire with emery cloth.

We will take a typical bar in which the
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spiral is to lie in four out to this length and
grooves as shown in continue. Probably

Fig. 2. The spiral can
be accurately divided

the string will be a
bit shorter than

up by driving two

required, but this can

nails into the bench a - Frg. 2—Typical. Rapiston Bar, WITH  casily  be compen-
convenient  distance Fig. 3 shows a convenient method of Sated for by stretching
apart and stretching marking out the spiral to fit the bar. the spiral slightly
the spiral between when winding.
them.

I Mica Wound Ele-
An Exzample. ment.

For example, the Fiuw_-><——4”—><—4'—><—4" With regard to
unstretched spiral 76" mica wound ele-
may measure I33 I | ments, as used in
ins. In order to irons, kettles, and

divide up, drive the
nails 16 ins. apart
and mark off in
4-in. sections with
a knife blade, just
opening the spiral
slightly at thess points (see Fig. 3).

points.

What to do if Grooves are of Unequal
Length.

If the grooves in the bar are of unequal
length, asin the case of bowl-fire elements,
the above method would be complicated.
Wind the element with string to find the
length required and then stretch the spiral

Fig. 3.—METHOD OF DIVIDING UP SPIRAL TO
Fir RapiaTor Bar iN FiG. 2.
Stretch the spiral between two mnails at
convenient distance apart and mark off the four
sections required. Open out the spiral at these

immersion heaters,
the main point is to
have good conduc-
tion from the ele-
ment itself in order
to keep the tem-
perature of the wire down. Imevitably
follows the necessity of having the element
in good contact with the surface which it is
to heat and of using thin but good quality
mica on which to wind the wire. This is
particularly important in the case of ap-
pliances in which heat is only conducted
from one side of the element, such as irons
and kettles of the non-immersion type.

INSPECTING DISTRIBUTION BOARDS

Generally the periodical inspection of
low-pressure sub-distribution boards has
to be carried out with the supply switched
on and the sub-circuits in use. Where
only alighting or heating load is connected,
it is good practice to withdraw each fuse
on the neutral or “dead” pole of the
fuseboard in order to ascertain that no
direct earth fault has developed on the
dead side of the circuit.

If such a fault has occurred, it will be
indicated by the circuit remaining un-
broken when the fuse is removed, also the
arc which takes place when a fuse is
normally withdrawn will be absent. If
only a partial earth exists, there will be a
considerable volt drop across the circuit,
which will be indicated (in the case of
lighting circuits) by a reduction in bright-

ness of the lamps; also the arc obtained
when withdrawing the fuse will be very
small.

If such an earth is discovered, especially
if it be a direct to earth fault, it should
be removed as soon as possible, because,
should an earth also develop on the * live ”
side of the same circuit (which does occa-
sionally happen) the sub-circuit fuses will
invariably blow with such violence as to
split the fuse-carriers and bases, in addition
to blobbing up the contact fingers and
making a renewal immediately necessary.
The fuse in the main distribution board
feeding the sub-board will also blow on the
dead side.

A fault of this nature on a sub-circuit
carrying only 5 amps. will pass sufficient
current to earth to blow a 50 amp. main fuse.
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How 1O OBTAIN SINGLE-PHASE

FROM A

THREE-PHASE SUPPLY

By J. V. Brrrtain, B.Sc.,, AM.I.Mech.E., AM.LEE.

OW that three-phase alternating
N current is standardised as the
method of generating and sup-

plying electrical energy it is necessary in

phase than to alter all the distribution
equipment so that it is suitable for three-
phase.

It may, therefore, be of interest to

certain instances to
obtain single-phase
supplies from three-
phase.

For Small Loads.
For small loads
this is a fairly
simple matter as by
using the 4-wire
system of distribu-
tion three single-
phase loads can be
obtained. With this
method, however,
we must have three
loads and these
loadsmust berough-
ly balanced (i.e.
they must be ap-
proximately equal).
On this account it
isused for supplying
lighting, heating,
cooking, etc., but it
is not suitable for
medium and large
loads which require
single-phase.

Medium and
Large Loads.

If, for instance,
we require single or
two phase for an
electric furnace

For

Single-
phase
Loads

Neutral

(:S’econdar of
Three-phase

FPhase ]
J
% |
Transformer

Fhase 2
Fhase 3
Fig. 1.—4-WIRE METHOD OF SUPPLYING SINGLE-
PHASE LOADS FROM 3-PHASE.
This is the standard method of supplying
energy for lighting, heating, etc.

Secondary Winding

“of\IrapsFormer
\ Single-phase No.3
Single-phase No.2
Single-phase No:7

Fig. 2—METHOD OF OBTAINING THREE SINGLE-
PHASE SUPPLIES FROM THE DELTA-CONNECTED
SECONDARY OF A TRANSFORMER.

As with Fig. 1, three separate loads are
necessary.

review the various
methods of obtain-
ing a single-phase
supply and in par-
ticular to explain
the ““Scott” meth-
od of converting
from three-phase to
two-phase  which
will give us two
independent single-
phase supplies.

The 4-wire System
—Star-connected
Secondary.

The 4-wire system

is given in Fig. 1,

where the star-con-

nected  secondary
winding of a trans-
former enables three
single-phase loads
at 230 volts to be
taken from it. If
these three loads
are equal there will
be no current in the
neutral, but if they
are not equal the
neutral will carry
the out-of-balance

current. It is, of
course, impossible
to have the three
loads exactly

some system of transformation is essential.
Another instance where the problem arises
is when a number of consumers are sup-
plied with single-phase by means of a
3-wire system. It may be much cheaper
to convert the three-phase into single-

balanced, but as long as the differ-
ences are not too great this does not
matter. Normally, there are a large
number of small loads on each phase and
these are arranged 1o balance up fairly
well.
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Three-phase Supply Three-phase Supply ,?ig;;‘al connec-
< The Connections.
? J Two single-phase
3 transformers  are
used for this method
S/hgj/e- of transformation
E phase and the actual con-
No.7  nections are as
shown in Fig. 3a,
0 while the theoretical
diagram of connec-
2 7 tions is given in
£ Single- Fig. 38. By com-
phase 7 phase  paring the two dia-
No.2 No7 grams it will be
: seen that the two
(a) (&) primary  windings
Fig. 3.—' ScoTrT ”’ SYSTEM OF TRANSFORMING 3-PHASE TO SINGLE OR are connected = to

TwO-PHASE.

Diagram (a) shows how the two single-phase transformers are connected.

Diagram (b) is the theoretical diagram.

Why There Must Be Three More or Less
Equal Loads.

On account of voltage regulation, one
or even two large single-phase loads by
themselves cannot be supplied by this
method. The fact that there is no current
in the third phase throws the load out of
balance, so that unless three more or less
equal loads can be found some other
method must be used.

Delta-connected Secondary.

The same difficulty occurs with a delta-
connected secondary, as shown in Fig. 2.
As will be seen, this again requires three
separate loads which must be apprdxi-
mately equal. This system is, however,
more suitable for supplying large single-
phase currents at low voltages.

The ¢ Scott
Connections.

The *“ Scott” system of transformer
connections was introduced by Dr. C. F.
Scott some time ago and has been in use
to a limited extent since its introduction.
It is, however, coming much more into
prominence and it appears likely that the
system may be adopted in a large majority
of cases where single-phase is required.
The general principle will be seen by
reference to Fig. 3, which shows the

System of Transformer

form a “tee” by
connecting the end
of one primary to
the centre of the
other. The two secondary windings will
then each give a single-phase supply.

Number of Turns on Primaries Must Be
Different.

A simplified vector diagram is given in
Fig. 4 where OV,, OV, and OV, represent
the three line voltages of the three-phase
supply. The two secondary voltages are
given by OE, and OE,. The voltage OE,
will be produced by OV,, while OE, will
be due to OV,. There is, however, a
phase difference between OE, and OV,
of 30° and thus the voltage value of OV,,

Az
E; 0 \
: ------- K
Var ‘ Vas
£

Fig. 4—APPROXIMATE VECTOR DIAGRAM FOR
ScoTT TRANSFORMATION.

Vi, Vo3 and Vg = 3-phase
E; and E, = single-phase supplies.

supply.
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PRACTICAL CONSTRUCTION OF A COPPER
BULLION REFINERY

By C. C.

HE majority of the world’s copper
is nowadays made by the electro-

lytic method. Refining by smelt-
ing has been more or less abandoned
because of the slight loss sustained, due
to the small proportion of precious metals
present which cannot be recovered. Copper
is thus mostly obtained by the electrolytic
method, but it is doubtful if any authentic
practical inform-
ation has dealt
with the plant
employed for the
work. The

DowNIE

the anode deposit which accumulates at
the bottom may be removed with ease.
The troughs have an average capacity
of 65 gallons. A storage tank is con-
structed at the side of the troughs to
collect the surplus electrolyte. A pipeline
connects this to another similar tank
situated overhead wherein the electrolyte
is heated. That is, in setting up the

%
7
7
%
%
G
/A

following details

are taken from " TJ 7

the plant in use
to-day.

Setting up the D
Plant.

The object of H
working this E i
particular class
of plant is to F
recover the cop-
per in the purest G
possible con-
dition  obtain-

able, and also 3 <
reclaim any small
amount of preci-
ous constituents
which may be present. D
The plant consists of &2
a series of stoneware
troughs which arelined E
with lead to prevent
any chipping of the S
glazed surface by care-
less handling of the
cathodes or anodes.
These troughs are
usually set up a few
feet from the level
of the floor, so that

||I|
[|l|| 1

motor,

strips ; E, Anodes and cathodes ;
collecting anode deposit (gold, platinum, silver, etc.);
tank ; I, Ball cistern; J, Mercury switch ; K, Centrifugal pump and

AN A\ N AN\

ELEVATION oF ELEcTROLYTIC CoPPER BULLION REFINERY,

VY LSSL LIS LSS L LS LIS IS S77
4

ANVANNNANANNAANN

PLAN or TROUGHS AND STORAGE TANK.
Fig. 1.—ELEVATION AND PLaN oF ELEcTROLYTIC COPPER BULLION
REFINERY.
A, Overhead storage tank ; B, Steam coil; C, Bus bars ;

D, Copper
G, Glass bottle for
H, Storage

F, Rubber bung ;
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initial layout, a wooden construction
has to be made to house these in their
proper position and alignment.  The
troughs and storage tank are maintained
at the same level, so that the electrolyte
flows from one to the other by a connect-
ing chute.

The troughs are rectangular in shape
with the bottoms made conically, so that
all deposit accumulates at one point.

Specially made glass bottles are fitted
at this point, which are sealed by closely
fitting rubber bungs. Whilst the electro-
lysis is in progress the bottles remain
empty. .

A lead rod is attached to the respective
bungs which protrudes above the level
of the troughs. When the electrolysis
has been completed, the bungs are removed
from the necks of the bottles by raising
the rods, whereby the accumulated anode
deposit flows therein, together with some
accompanying electrolyte.

The Generator and Bus Bars.

The generator, switch gear, panels, and
cables are set up on the same lines as that
of constructing a large plating shop.

Space economy is one of the features
of the layout, and it is customary to have
the motor-generator housed in a basement
below the electrolysis floor. The leads
from the generator are connected through
the floor to the panels situated beside
the electrolysis troughs, and on which
are attached the ammeters, voltmeters,
etc. From thence the connections are
made to the bus bars. The latter are
arranged above the troughs, and so fitted
that a large number of troughs may be
linked up if desired.

Copper bus bars were used, although
aluminium was recognised as being better
suited to resist corrosive influences.

As the overhead storage tank has to
be connected to the storage tank which
is level with the troughs, care has to be
taken in fitting up the bus bars that proper
spacing is allowed.

The overhead tank has to be fed with
surplus electrolyte, and also steam to
heat it, and these pipes have to be arranged
so that they do not interfere with the bus
bars. This is not of the same account
with small electrolysis plants, but is of

importance in the construction of large
plants, as is readily observed where
repairs have to be made on short notice.

The Electrolysis Troughs.

The electrolysis troughs are fed with an
electrolyte consisting of 16 per cent.
copper sulphate and 10 per cent. sulphuric
acid.

The electrolyte flows continuously to the
storage tank, and when a predetermined
level of liquor has filled the latter, a
ball-cistern arrangement which is con-
nected to the tank operates a mercury
switch. This in turn connects the carrent
to the motor of a small centrifugal pump
which raises the surplus electrolyte from
the storage tank to the one above. The
ball-cistern, mercury switch, and small
centrifugal pump thus work automati-
cally and continuously night and day,
and require little or no attention once
they have been set to meet the desired
level of liquor.

The overhead storage tank simply
consists of a lead-lined wooden tank which
is heated by a steam coil. The heat must
be such that the temperature of the electro-
lyte in the troughs is maintained at 50° C.
The electrolyte should be bright green
or bluish-green in colour. When the
copper electrolysed is unduly impure, and
particularly if it contains appreciable
quantities of tin and antimony, the
electrolyte will become cloudy and opaque.

Polarisation losses would be sustained
if too much of these impurities were
present, and they are expected to be chiefly
removed during the initial skimming of the
copper before it has been cast into anodes.

Casting Anodes and Cutting Cathodes.
The preparation of anodes and cathodes
is done on the same lines as that adopted
for large copper refineries. All scrap
copper can be melted up and cast into
anode moulds and used for this process.
Where the work consists of recovering
precious metals, more care is accorded to
selecting the scrap, and it is principally
composed of old rings, brooches, watch-
cases, pendants, etc.,, etc. These are
melted in plumbago crucibles in pit-fires
and poured into flat-shaped iron moulds.
At the moment when the molten copper
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is solidifying in the mould, two small
bent copper wire hooks are inserted, and
are thus fused to the top of the ingots.
In this way the cast anode is ready for
directly hanging from the copper bars
which stretch across the electrolysis
troughs. The cathodes are cut from sheet
copper, and the work is usually left in the
hands of some local sheet-metal worker.
These are usually 1} ft. in length, 1 ft.
broad, and about {% in. thickness. Too
thin cathodes are liable to bend out of
shape, or become affected by the passage
of the flowing electrolyte, otherwise much
thinner metal could be employed.

Such troubles would
lead to high resistance 2 N ?
losses.

The cathodes are
cut out, and the tops

Calculating the Current Required.

The current is applied at 10 amps. per
square foot. As there are only 1% inches
between each anode and cathode, a very
considerable number of electrodes can be
introduced to each trough.

The amount of amperage required from
the motor generator is thus calculated by
multiplying the square area in feet by ten.

The maintenance of the temperature of
the electrolyte at 50° C. simplifies calcula-
tions. The loss in contacts amounts to
about 20 per cent. of the total voltage
employed. In large copper refineries this
is worked out in detail. (The drop from
bus bar to anode rod,

EX==

oy S gralioplopley Tyl

1 [ A { from anode rod to

anode hook, from hook
to anode, from anode
to cathode, from cath-

bent over so that ode to cathode rod,
they may be slung and thus back to the
from  copper Dbars bus bar.) The resist-
which alternate with ivity of the primary
those wused in the electrolyte usually
troughs for the anodes. averages about 2.5
B ohms. The electro-

System of Closely Con- Fiz. 2.—Position or Anobes anp lyte is not allowed
necting  Anodes CATHODES DuURING ELECTROLYSIS, to become impov-
and Cathodes. erished in  copper,
The cast copper anodes and the cathodes and crystals of copper sulphate are

cut from sheet copper are hung from their
respective copper bars which are placed
across the troughs. These latter connect
with copper strips running along the sidesof
the troughs, and which are insulated.

That is, it is customary to have a large
number of anodes connected in parallel
alternating with a large number of cathodes
similarly connected. The cast anodes are
slightly less than 6 ins. in breadth, and
about { in. in thickness. The square area
of the anodes is thus slightly less than that
of the cathode sheets. As the electrolysis
progresses, the anodes get corroded to a
thin shell, whilst the cathode in turn
increases in thickness from 4 in. to about

4+ in. The space which exists between

the anodes and cathodes does not change.

This is arranged at the commencement
of the electrolysis at about 14 ins. Should
either anode or cathode become bent,
or their position shifted, the resulting
refined copper will be furnished as a crudely
made slab.,

added when necessary to maintain the
desired 4 per cent. copper or alter-
natively 16 per cent. copper sulphate.
Using the foregoing resistivity, the
voltage works out at about o.4 volt,
by calculation, but in practice this amounts
to a much greater figure. The calculations
are extensive when done in complete detail,
and the figures are checked by readings
from the ammeters and voltmeters.

Working the Process.

When commencing operations, the
electrolyte is prepared from copper sul-
phate crystals and sulphuric acid. This
is allowed to heat up and flow through the
troughs until the temperature has reached
50° C. The anodes and cathodes are hung
in position, and the current applied. When
it is known that a minute proportion of
silver is present in the copper, a fraction
of one per cent. of hydrochloric acid is
added, which causes it to separate out as
silver chloride. Minute proportions of gold
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and platinum do not require this treatment
since, being insoluble, they deposit as the
electrolysis proceeds. The anodes become
slowly corroded, and the cathodes corres-
pondingly increase in thickness. As the
electrolyte is caused to flow by the
automatic ball-cistern and mercury switch
connection to the pump, the plant works
continuously, and practically without the
need for attention.

Removing Impurities from the Electrolyte.

Anodes which are rapidly corroded are
replaced by fresh ones, and as the electro-
lyte is continually flowing this does not
adversely affect the corresponding cathode
immediately opposite.

When the week’s work has been com-
pleted, the current is disconnected. All
precious metals present, including gold,
silver and platinum, irrespective of how
slight in quantity, have now accumulated
into the conical bottom of the troughs.

The rubber bung which is fitted to the
neck of the bottle situated beneath the
trough is now withdrawn, whereby the
deposit is collected. The bung is then
replaced and the deposit emptied from
below. These anode slimes may contain
anything up to 20 per cent. silver and 15
per cent. gold, depending on the class of
copper which has been electrolysed. Other
classes of copper scrap will yield only trifling
quantities of these metals, but their value
is so considerable that it is always a paying
proposition to recover them as far as
possible. The anode slimes are washed
in water and transferred to a smelting
furnace to recover the metal values.

Current Losses due to Resistances Set Up.

The current losses due to the resistances
set up are comparatively small, despite
the fact that a variable amount of anode
slime is caused to deposit. This latter is
small in weight, and the principal resist-
ances more accrue from the presence of
tin and antimony. This reflects on the
total amount of current consumed. Polari-
sation losses are reduced to a minimum
by the circulation and heating of the
electrolyte. ~ The weight of copper
deposited almost coincides with the
theoretical figure per ampere per square
foot. Rich silver bullion and copper

which contains more than two per cent.
of silver is not so suitable for this process,
as the resistances set up are too consider-
able, and there is a tendency for slime to
deposit on the surfaces of the electrodes.

This eventually leads to the current
action being materially retarded, and in
extreme cases stopping the working of the
process.

The primary object of the process is,
therefore, the refining of copper, whilst
the recovery of the precious constituents
ranks more in the nature of a subsidiary
process. It is, however, widely used by
the smelters of precious metals, who made
great use of it during the recent * gold
rush.”

The Refined Copper.

The cathodes are removed from the
electrolysis troughs and washed in hot
water, with the assistance of steel brushes.

The surfaces are sometimes a little
rough, and nodules appear where undue
resistances have arisen. The metal repre-
sents the purest form of copper placed on
the market, and is widely employed for
all classes of electric goods.

The cathodes, being unwieldy in shape,
are seldom disposed of in this condition,
but are melted up in plumbago crucibles,
and made into bars and ingots, etc.

Composition of the Products.
Electrolytic Copper.

Per cent.
Copper 99.90
Nickel 0.010
Arsenic 0.001—0.006
Antimony 0.005
Iron 0.002
Oxygen . .. .. 0.030—0.075
Silver  Up to 1 ounce per ton of copper.
Anode Slimes.

Per cent.
Silver 3—20
Gold .. 6—15
Platinum .. 0.0I—0.6
Tin 5—15
Lead &8—r10
Zinc 10—1I5
Copper .. 4— 6
Insoluble .. 5— 7
Iron

0.3—0.5
31
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AUTOMATIC OPERATION OF MERCURY
ARC RECTIFIERS

By H. W. Ricuaroson, B.Sc., M.I.E

HE mercury arc rectifier being a

static piece of apparatus is admir-

ably suited for operation in un-

attended sub-stations; in fact, a manually

operated equipment of this type is not
often found in practice.

A detailed description of the starting
and paralleling sequence will be given for
the glass bulb type of equipment, but as
the equipment for a steel tank rectifier is
very similar, it will not be dealt with in
detail.

The Starting and Paralleling of Glass Bulb
Rectifiers.

The whole sequence is very simple
as no synchroni-
sing is necessary,
and since the
equipment can-
not take a re-
verse current
from the D.C.
busbars, a very
much simplified
form of parallel-
ing can be used.

A typical se-
quence of events
is given below
and the diagram,

AUX1L15RY.,
Avooes

ICNITION
awvoos

Guass B
RECTIFIER

.E., and W. R. Cox, BE., AM.LEE.

Closing the E.H.T. Circuit Breaker.

As in the case of nearly all automatic
converting equipments, the closing of the
E.H.T. circuit breaker is the key operation
which initiates the whole of the automatic
starting sequence, and as explained for
rotating converters the oil circuit breaker
may be closed by :—

(r) Hand operation.

(2z) Some form of remote control equip-
ment.

(3) A voltage relay or time switch, etc.
(self control).

In all cases, the closing of the E.H.T.
breaker energises the main and auxiliary
transformers and energises the main and

M ANODES

% N
MoroR

Leonomy
Res/STAME

JGNITION
cor
ovr

ICNITION
SoLENOID

O+

Fig. 1, should be

DC CRCLIT
Besarer

CHOKE

referred to when
reading the des-
cription.

(a) Close
EH.T. circuit
breaker and start
cooling fan.

(6) Strike ig-
nition arc.

{(¢) Excitation
anodes pick up.

{(d) Close D.C.

70 ANODE

63

2

MAN
TRANS FORMER

(223
t Crecorr
BeernER

Qe -

RES3IST

Auvxrrsey
TRANS FORMER

E

INTERPHASE
KEACTOR

—d

circuit breaker.
(e Adjust
D.C. voltage.

Fig. 1.—SIMPLIFIED DIAGRAM FoR CONTROL OF A GLASS BuLB RECTIFIER.



July

THE PRACTICAL ELECTRICAL ENGINEER

499

excitation anodes. The fan for cooling
the glass bulb is driven by a motor directly
connected to the auxiliary transformer.
This fan, therefore, starts up as soon as
the oil-circuit breaker closes.

Striking Ignition Arc and Starting Excita-
tion Anodes.

The fact that the auxiliary transformer
is energised, excites the ignition solenoid
which dips the ignition anode into the
cathode pool. This operation short cir-
cuits the ignition solenoid and thus allows
the return spring to withdraw the ignition
anode from the cathode pool. As the
ignition anode leaves the mercury of the
cathode the ignition arc will occur and
enable the auxiliary anodes to pick up
and start rectifying. It will be noted
that as the single ignition anode is ener-
gised from a single-phase transformer, the
anode may be withdrawn from the cathode
pool at a moment when the cathode pool
is positive with respect to the ignition
anode. In such cases no ignition arc
will occur, but the gear is so arranged
that the ignition anode will be repeatedly
dipped into and withdrawn from the
cathode pool until an arc does occur. In-
cluding any “ misfires ”’ mentioned above,
the gear seldom takes more than about
two seconds to start and frequently starts
more quickly, so that the arrangement
is quite satisfactory.

Directly the excitation anodes have
picked up, the excitation anode load relay
will become energised and contacts on this
relay disconnect the ignition circuit.

The excitation anodes are left in service
all the time the rectifier is on load, and it
will be noted that if they should cease to
operate for any reason the excitation
anode load relay will become de-energised
and immediately cause automatic starting
again.

D.C. Circuit Breaker Closes.

In order to simplify small equipments,
the D.C. circuit breaker is frequently left
closed at all times, so that directly the
excitation anodes start operation the
rectifier will be ready for load. This is
possible since the valve action of the
rectifier does not allow the flow of a reverse
current when the equipment is shut down.

Sometimes, however, it may be thought
advisable to open the D.C. breaker when
the rectifier is shut down.

In such cases, the D.C. circuit breaker
closing solenoid will be connected between
the cathode and the neutral point of the
main transformer, and will thus become
energised to close the breaker as soon as
the excitation anodes start operation and
enable the main anodes to operate.

Adjustment of D.C. Voltage.

If the rectifier is supplying a traction
load, the plant will generally be arranged
to operate at a fixed D.C. voltage, pro-
vision only being made for varying this
voltage at infrequent intervals by means
of an “‘ off load ”’ tapping switch on the
main transformer. In such cases, the
rectifier will pick up its load directly the
D.C. breaker closes and no further opera-
tion will be necessary.

If, however, the equipment is supplying
a lighting and industrial power supply,
some means of maintaining an exact D.C.
voltage will be necessary, also to prevent
any flicker in the lights when -paralleling
means must be provided to pick up the
load gradually.

Induction Regulation Method of Varying
D.C. Voltage.

There are several means available for
varying the D.C. voltage and for the pur-
poses of this description it is assumed that
an induction regulatoris used. The induc-
tion regulator will be designed to vary the
voltage over the whole working range
and the rotor will be motor driven.

Interlocks are provided on the oil switch
to run the induction regulator to the
position for minimum voltage when the
plant is shut down. When the D.C.
breaker closes, therefore, the voltage on
the D.C. side of the rectifier will in general
be lower than the busbar voltage, and when
paralleling the rectifier will not pick up
any load.

The D.C. voltage is controlled by a
voltage regulating relay, which is put
into service by an interlock on the D.C.
circuit breaker, so that directly the
rectifier is paralleled the voltage regulating
relay will start correcting the busbar
voltage by raising the rectifier voltage,
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The diffusion pump is nearly always
operated continuously, whether the plant
is on load or not, but there are various
ways of controlling the rotary box-pump,
the three commonest being :—

(@) To run the rotarv box-pump when-
ever the rectifier is on load and shut it
down when the rectifier is off load.

(0) To run the box-pump for a short
time—say, ten minutes every six or eight
hours, whether the plant is on load or
not.

(¢) To fit a contact-making pressure
gauge to the interstage reservoir which
starts up and shuts down the box-pump
according to the pressure in this vessel.
All these schemes are quite satisfactory,
and it is difficult to say which is the
best.

Whatever the water system adopted,
it must be started up before the plant is
put on load, and this is usually accom-
plished by an interlock on the main oil
switch which closes a contactor, which in
turn starts the water pump or opens the
valve to the water service. When a closed
water system is used, the fan for the water
cooler is frequently controlled indepen-
dently from the water pump by means of a
contact-making thermostat in the water
system. By this means the rectifier is
more easily maintained at its correct
working temperature, also on light loads
and in cold weather there is a considerable
saving in auxiliary power.

Protective Devices for Steel-Tank Mercury
Arc Rectifiers.

The protective devices necessary for a
steel-tank rectifier are rather more
numerous than those required for a glass-
bulb rectifier.

A.C. Overload and Earth Leakage pro-
tection is the same as for a glass-bulb
equipment.

D.C. Overload Protection is frequently
omitted, especially on traction plant, but
on the D.C. side of the rectifier it is advis-
able to install a reverse current high-speed
circuit breaker in the cathode lead. This
breaker is only required when * back
fires”” occur. A ‘““back fire” is a rare
occurrence, but when one does occur, there
is a severe short circuit not only on the
transformer, but on the D.C. side of the

plant, and the flow of D.C. current is from
cathode to anode. The function of the
reverse current high-speed circuit breaker
is to interrupt rapidly the D.C. component
of this short in order to minimise any
damage it may cause in the rectifier, and
also to minimise the disturbance caussd
on the D.C. network.

Vacuum Failure.

In order to prevent the plant from
starting up when there is a poor vacuum
in the rectifier and to shut it down should
a poor vacuum develop during operation, a
vacuum relay is fitted. The operation of
this relay will in the first case prevent
starting on a demand and in the second
case will shut down the rectifier.

Failure of Diffusion Pump Heater.
Should the supply of current to the
diffusion pump heater fail for any reason,
a current-operated relay in this circuit
shuts down the plant or prevents starting.

Failure of Cooling Water for Diffusion
Pump.

Should the supply of water for the diffu-
sion pump fail, a water flow relay operates
to cut off the supply of power to the diffu-
sion pump heater.

Some manufacturers have developed a
thermo-syphon cooled diffusion pump,
operating on a closed water system, in
which case the above protective feature
is not necessary.

Failure of Main Water Cooling System.

Should the main water cooling system
fail, #he operation of a water flow relay
shuts down the plant.

Over Temperature of the Rectifier.

The anode plate of a rectifier is probably
the first part of any rectifier which will
become overheated by continued over-
loading. An over temperature relay is,
therefore, fitted on or near this plate to
shut down the rectifier if the anode plate
becomes overheated.

Auxiliary Fuses.

Auxiliary circuits for ignition, excitation,
etc., are as in the case of the glass-bulb
rectifier generally protected by fuses.
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in addition to carrying it, we have to
measure two other quantities. These are
the remanence, which is the flux density
(B rem.) remaining after the application
and removal of the magnetising field, and
the coercivity, which is the reverse
magnetising field (Hc) required to bring
the remanent flux to zero.

Shape of the Test Specimen.

It is most important in all magnetic
testing to ensure that the specimen is
uniformly magnetised, otherwise B and H
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Fig. 2.—How SeArRCH COILS ARE ARRANGED
IN APPARATUS FOR TESTING MATERIALS
UNDER STEADY MAGNETISATION.

values have no definite meaning. The
simplest form of specimen to use is a
uniform ring. For solid materials this
may be either circular or rectangular in
section. In the case of sheet material, the
specimen is built up from ring punchings,
and will therefore be of rectangular section.

One Method of Testing.

If the ring is wound uniformly over its
circumference with a magnetising winding,
the applied magnetic field, H, may be
directly calculated from the turns per
centimetre of circumference and the
current. The flux density, B, is measured
by a search coil wound closely over the
specimen and connected to a suitably
calibrated ballistic galvanometer. On
reversing the magnetising field by reversing

the current, a throw is obtained from
which the flux, and hence the flux density,
may be calculated.

A Less Laborious Method.

Now it is evident that to make up a ring
specimen and to wind on a magnetising
winding by hand every time we wish to
make a test is a very laborious process,
especially if we wish to go to high mag-
netising fields, which require a great
weight of copper. It would be much more
satisfactory if the specimen could consist
of a machined straight bar or a bundle of
strips, the magnetic circuit being com-
pleted by an iron yoke and if the magnetis-
ing winding consisted of a permanent coil.
In using such a method we must ensure
that errors do not arise owing to the
magnetic reluctance of joints between
yoke and specimen and due to the mag-
netising field not being applied uniformly
over a uniform magnetic circuit.

A satisfactory way of dealing with these
difficulties has been found in the use of
search coils to measure H as well as B.
By this means it is possible to carry out
the measurement over a short length of
the specimen over which uniformity of
magnetisation may be secured without
difficulty and the effects of joints and yoke
eliminated.

Arrangement of Apparatus.

Fig. 2 shows how the search coils are
arranged in the apparatus. The specimen,
assumed to be a bar of rectangular section
or bundle of strips, is placed inside a
heavy magnetising coil, the magnetic
circuit being completed by a yoke. A
battery of accumulators B provides the
current supply through an ammeter A, a
rheostat R and a reversing switch S to the
magnetising coil. Alternatively, the bat-
tery can supply current to a mutual
inductance M, the use of which will be
explained later.

For measuring B, a coil of a few turns
is wound closely over the specimen near
the centre of its length. It can be shown
that H is equal to the flux density in air
at the surface of the specimen. We can
therefore measure H by placing a thin
search coil wound on a strip of non-
magnetic material as close as possible to
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form a specimen, ' The total end
and eight are loss can be as-

inserted in each

certained once

of the two long

for all by carry-

coils shown in
Fig. 4. The
magnetic circuit
is completed by
interleaving at
the ends U-

ing out a mea-
surement on a
full length speci-
men and then,
by means of a
set of short coils,
on a specimen of

shaped pieces of I

[
1]

low energy loss

material. These
are seen in
Fig. 3.

The Test.

The specimen is magnetised by passing
an alternating current through the mag-
netising winding, the connections of which
are shown in Fig. 6. It will be noticed
that this winding consists of several
identical coils connected in parallel. By
this means a very uniform magnetisation
of the specimen is secured over its entire
length.

A separate volt winding enables the flux
density in the specimen to be measured
with a voltmeter, and also supplies the
pressure coil circuit of a wattmeter which
measures the total loss in the magnetic
circuit. The volt winding also has the
effect of eliminating the copper losses in
the magnetising winding from the watt-
meter readings. Since the wattmeter
reading includes the losses in the U-shaped
end pieces and in the joints, the latter
losses must be subtracted to arrive at the
loss in the specimen.

F1g. 6—CONNECTIONS FOR MAGNETISING SPECIMENS
FOR TESTING UNDER ALTERNATING MAGNETISATION,

shorter  length
cut from the first
specimen, as in-
dicated in Fig.
5. A simple calculation then gives the
end loss, and the figure may be used for
tests on subsequent specimens of the same
general type of steel

Reducing Eifects of Distortion.

A point of importance in all energy-loss
measurements is the use of a sine wave of
flux rather than a distorted wave. This
is secured by using a generator specially
designed to give an accurately sine-shaped
voltage wave under all conditions of load,
and by keeping the impedance of the
magnetising winding of the apparatus low.
In cases where it is impracticable to avoid
a certain amount of distortion, a rectifying
voltmeter giving the average value of the
voltage rather than the R.M.S. value is
used. It can be proved that whatever
the wave shape may be, the maximum
value of the flux density in the specimen
may be obtained from the average
voltage, and in this way the effects of
distortion are greatly reduced.

METHOD OF OBTAINING AVERAGE POWER
FACTOR

Many supply companies now install
K.V.A. hour meters in addition to K.W.
hour (Unit) meter on large consumer
premises and the maintenance engineer can
readily obtain the average P.F. As P.F.

true watts

_true watts . hstan
apparent watts 1 any mstance,

is equal to

it follows, that by taking the reading
of both meters over any determined
period and dividing the units consumed
by the K.V.A. hours, the result will
be the average power factor of the whole
plant during the period the readings
were taken.
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Fig. 4.—SEcTION OF MagNETIC CLUTCH.

Time in secs. to reach given speed =
0.00326 W n K2
FR

Where W = weight of fiywheel or mass in lbs.
K? = Radius of gyration in feet squared.
n = Required speed in revolutions per
minute.
F = Friction force of clutch in lbs.
R = Mean radwus of clutch in feet.

The magnet of each size of clutch exerts
a definite pull on the armature which, in
turn, creates a fixed pressure in Ibs. per
square inch on the friction lining. The
linings are usually of the bonded asbestos
type having a co-efficient of friction of 0.4.

Capacity of a Magnetic Clutch.

The capacity of a magnetic clutch is
usually given as a_certain value in ft.-lbs.
of torque which it will withstand without
slipping. The basic formula is
H.P. ¥ 5250
It will thus be seen that the power trans-
mitted is directly proportional to the
speed, consequently an alternative basis
for rating is to state the horse-power per
100 I.p.m.

Lbs.-ft. torque =

Selecting a Magnetic Clutch.

The selection of a magnetic clutch is
simple from the following table. Assume,
for example, that it is desired to transmit
273 h.p. at 430 r.p.m. with peak loads of
110 h.p. As the peak load is the limiting
value this must be taken as the basis of
selection. The h.p. per 100 r.p.m. will
thus be 17, a factor of safety of 25 per cent.
must be allowed to ensure that no slip
occurs when under load. This givesa h.p.
per 100 r.p.m. of 21, and from the table

CruTter Pousma

V4

Maaner Boov

_Poox Bear NGy

Fig. 5—SectioN oOF 4-Disc CrurcH.

it will be seen that the nearest size is
20 inches diameter.

Table of Capacities.

The following is a typical table of
capacities for which we are indebted to the
Rapid Magnetting Machine Co., Ltd.

Diameter Pull out
in H.P. at torque
inches, 100 r.p.m. ft.-1bs.
6 e 0.3 .. 16

8 .. 086 .. 45

10 .. 1.72 .. 90

12 .. 3.05 160
16 .. 11.8 620
20 .. 28.6 1,500
24 .. 51.5 2,700
28 .. 86.0 4,500
32 .. 124 6,500
36 ‘e 175 9,200
40 .. 221.0 11,600
44 .. 316.0 16,600
48 .. 396 20,800

A Typical Clutch.

A typical clutch is illustrated in section
in Fig. 4 and shows the position of the
magnetising coil and {riction linings. The
steel portion of the armature which is
attracted to the coil is mounted upon a
spring disc which serves the double purpose
of transmitting the power and also
ensures that the armature will definitely
leave the magnet when the current is
switched off.

Collector Rings.

Provision is made for taking the current
into the coil through two collector rings,
as skown in Fig. 3.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to * The Practical Electrical Engineer,” 8-11, Southampton Street, Strand, W.C. 2.
Envelopes to be marked  Problem > in the top left-hand corner. Replies to questions
are also invited and all replies published will be paid for at our wusual rates

THIS MONTH’S NEW QUESTIONS

Installing Overhead Insulated Conductor
Distribution Lines.

In an overhead distribution scheme, con-
sisting of insulated corductors carvied on
tubular steel supports, how should the con-
ductor be bound to the insulators at the inter-
mediate supports and made off at the ter-
minal supports 7 When erecting the con-
ductors, what is the best method of pulling
them to lension? Should an ordinary
draw vice be used on the insulated con-
ductor 7 Should the conductor be tensioned
off between two terminal supports, before
being bound in to the insulators on inter-
mediate supports, or is it necessary to pull
up each span length separately ?

How can the size, diameter, of tubular steel
poles be found to suit different conditions ?

“ OvErRHEAD ' (Middlesbrough).

Generator Calculations.

Can you please give me a formula to
calculate :

The rate of change of current in amps.
per sec. tn a 6 RW., 200 v., 4-pole generator,
running at 694 r.pom. The number of
commutator segments s 160 and the brush
Just covers 2 segments and 1 mica.

Could you recommend me a book of
formule dealing with electric generators and
motors, elc.?

TaoMAs MARKs (Cornwall).

Details for D.C. Dynamo.

Can you give me details for making a
4-pole D.C. dynamo, about 100 v. 5 amps.,
suitable for wuse with a 3" bore X 4"
stroke  horizontal gas  engine (petrol
driven)?

W. H. HoweLL (Farnborough).

Action of Shunt
Winding.

I am concerned with the operation of some
B.T.H. rotary converters. The machines
in question are 1,000 kW., 4-pole, 6-phase
(diametrical), and operate on a 25-cvcles,
0,600-v0lt system. They are of the sclf-
synchronising type, with pony-motor in
series with votary, during the starting up
period. They supply traction load (600-
650 volt D.C.), and are compounded and
also jitted with interpoles.

The interpole poles, in addition to their
normal series turns, also carry a compen-
sating coil which is placed above the ordinary
series turns.

These 4 compensating coils (one to each
interpole) are all joined in series and
connected as a shunt winding across the
terminals of the machine, no vheostat being
in circuit with them.

I would much appreciate an explanation
of the action of this winding.

The rvotaries veferved to are not of the
synchronous booster type, nor do they possess
anv induction regulators or external ve-
actances.

Rotary Converter

““ SyncHRONOUS ” {London).

A Question re Neon Advertising Signs.

I have often seen in shop windows a neon
tube of circular shape in which the luminous
discharge appears to vevolve in wave-form
manner. Whilst being acquainted with the
Jundamental facts of neon tube lighting, so
far I have been unable to account for this
real or apparent wmotion. I should be
greatly obliged if you can answer this
problem.

J. CrancrY (Southampton).
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REPLIES TO PREVIOUS QUESTIONS

A Pilot Lamp Problem.

I have under my care a number of electric
cookers.  Attached to the control board is a
pilot light; the lamps used ave Philips’
15-watt neon lamps.

I have had several calls fo these cookers
with the report that the conswmer could not
get any part of the cooker to work but the
light was on.

Upon investigation I found one fuse in
the conswmer’s main switch had blown.
Sometimes it was the positive fuse, sometimes
1t was negative, and it occurs on both A.C.
and D.C.

Could you please offer any suggestions
as to why the lamp should light with the fuse
blown ? It does not give full light, but
appears to be in series with something.

W. SmitH (Ashton).

The explanation of the problem lies in
the very small amount of current required
to strike a glow in a neon tube of the type
mentioned. In the cases which your reader
has experienced, this minute current was
most probably leaking across the fused
particles on the fuse bridges, or possibly
the fuse bridges were slightly damp. This
would occur whichever pole had fused, or
even if both had fused.

I myself have experienced a similar
thing when testing with a neon lamp on
a 400 volt A.C. circuit in which the fuse
bridges were in position, but without any
wire across. The lamp glowed brightly
although no shock was evident on touching
the apparently live ends. This was found
to be due to damp on the fuse bridges, these
being new and never having had wire in,
and the lamp failed to glow when the
bridges were withdrawn from the box.

J. S. Mason (Leeds).

Equipment for a Telephone Line.

What size of wive should be used for a
telephone line 220 miles long conmecting
2 magneto-type P.B. X’s with 2,500 ohm
drops and five-bar generators ? Would load-
ing coils, telephone repeaters or other special
apparatus be necessary, and if so, of what
type ? The lines ave to be erected on existing
wooden crossarms, on glass insulators spaced
12 in. apart, and it is desived to use Mac-
Intyre joinis or some form of commector
not requirving soldering.

This line would run through tropical
wooded country with a heavy rainfall,

L. H. (Puerto Mexico Ver).

The line should consist of 150 1b. copper.
This is the largest size conductor with
which unsoldered sleeve joints can be
satisfactorily employed. 100 lb. copper
tapes and binders will be suitable for
binding in. The loop resistance of the
circuit would be approx. 4,000 Q. The
route would probably require strengthen-
ing, and if the wires are run on the “ twist”’
system with lighter gauge wires there is a
liability to contact faults.

The conductors should be terminated at
intervals, preferably on double groove
insulators, as this speeds up fault localisa-~
tion. If the wires are run straight, double
J or ““ cow-horn ”” insulator spindles should
be fitted to allow the insertion of trans-
position crosses.

Loading will be required, the spacing
and inductance depending on the cut-off
frequency desired and on the standard of
insulation resistance which can be main-
tained. The cut off frequency at >>10,000

I
d+/CL.
The natural inductance of the line will be
approx. 5 milli-henries per mile loop.
Probably 44 m.h. at 10,000 yds. with
half section terminations would be
satisfactory.

Since repeaters will be necessary it is
advisable to consult the leading makers.
As only one pair is under consideration a
mechanical repeater might be feasible, or
it is possible that thermionic repeaters
could be built locally. A useful type is
the two-wire duplex employing hybrid
transformers and balancing networks.
The permissible gain of these repeaters and,
therefore, their distance apart will depend
on how constant the line impedance can
be maintained, since singing is set up
when line and network become unmatched.
Owing to the inefficiency of repeaters at
17 cycles per sec., signalling must be accom-
plished by using 500 cycles interrupted 17
times per sec., which at the distant end
will operate a tuned relay controlling the
calling relay.

G. S. EDWARDs (Amersham).

MQ per mile is given by f.=
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Meter Rent.

Could you inform me as to whether a
Supply Company have awy right to charge
meter rent fo their consumers? In one
case I know of they do not charge, and in
another case they do.

B. A. Buts (Plaistow).

Legally, no supply authority can force
a consumer to pay a meter rent, or to use
any particular type of meter. The supply,
if metered, must be measured by a meter
approved by the Board of Trade; this
meter may be provided by either the
supply authority or the consumer.

This gives the consumer the right to
say that he considers that only a certain
type of meter is sufficiently accurate and
reliable and that he insists on that make
of meter being used to measure his con-
sumption ; but in such a case he must
provide the meter himself.

Thus the legal position prevents the
consumer being made to use a type of
meter which he considers is seriously
faulty, and it protects the supply authority
from the antics of a cantankerous con-
sumer, by requiring that if such a consumer
feels he must have a certain meter, then
he must pay for his fad himself.

In effect, what the supply authority
really say to the consumer is something as
follows: ““A meter must be provided to
ascertain your consumption. We find that
the XYZ meter is an accurate and reliable
instrument and reasonable in price ; as we
buy these meters by the thousand we
can purchase very much more cheaply
than yourself ; and, if you agree, we will
hire you a meter at a rent based on our
low purchase price, and will keep it in
adjustment and repair. If, of course, you
prefer to buy a meter of your own you are
free to do so, but in that case you must
pay for the adjustment and repair of the
meter yourself.”

Naturally, the consumer takes the
supply authority’s offer.

In some towns in order to encourage
supplies being taken, the supply authority
will forgo the meter rent for all normal
consurmers.

“ METER.”

A consumer may either provide the
necessary meters or hire them from the

Supply Authority ; the choice rests with
the consumer as the following extracts
from ““ The Electricity (Supply) Act 1899
show :—

Section 49.

The amount of electrical energy supplied
to any ordinary consumer is to be ascer-
tained by an appropriate certified meter.
The consumer may provide his own meter,
or he may require the Undertakers to
provide the meter on sale or hire.

Section 54.

Every consumer shall at all times at his
own expense keep all meters belonging to
him in proper order for correctly register-
ing the value of the energy used.

Section 55.

The Undertakers may let for hire any
meter for ascertaining the value of the
energy used, for such remuneration in
money as may be agreed upon between the
Hirer and the Undertakers.

Section 56.

The Undertakers shall, unless the agree-
ment for hire otherwise provides, at all
times, at their own expense, keep all
meters let for hire by them to any con-
sumer, in proper working order for correctly
registering the value of energy used.

Practically all Supply Authorities origin-
ally charged meter rent ; some cu reducing
their price per unit also reduced their
meter rent until no meter rent is charged,
the meter being hired to the consumer free.
Meter rent may and can be reintroduced at
any time.

R. J. S. Curtis (Birmingham).

Electrically Operated Garage Door Opener.

Is there any simple form of electrically
operated opener for garage doors? A client
of mine who has a garage drive about 30 fi.
long has asked me tf I can fit some form
of door opener which can be operated from
the entrance gate or half way down the
drive.

T. P. (Torquay).

A sound method is to fit springs to
the doors, so that they push them open
when a catch is released; fit the catch
so that it holds both the doors, and is
operated by an electro-magnet or sole-
noid connected to the power supply by
“push” switches fixed in convenient
positions. See Figs. 1 and 2.
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that when nickel deposit is
sheared off the break does not
occur at the nickel/steel joint,
but that the steel breaks away
and remains adhering to the

Z o wer R - o deposit. Nickel deposits of
Supply d any thickness can be obtained

z Magnet
L or
Solenoid

by this process.

Experience has shown that
parts repaired by Fescol-
izing with nickel often gives
better service than a new part.

Chromium is not usually
used for the restoration of
worn parts as the maximum

IR © Fyg

Another way would be to open the
doors by force of gravity, by fitting a
counter-weight, i.e. a weight just heavy
enough to pull the doors open when the
catch is released.

H.E.

The Fescol Process.

I should be much obliged if you could
give any information concerning the electyo
deposition of wickel and chromiuwm by the
Fescol Process for the repair of worn
machine parts.

D. F. M. (Lockerbie).

The Fescol process is a patented
process for obtaining heavy deposits of
nickel, chromium, etc. , The process is
carried out by Fescol, Ltd., 101, Grosvenor
Road, London, SW. 1.

. 1.—THE GARAGE DoOR OPENER.
Showing method of fitting the electro-magnet or solenoid.

commercial deposit is approxi-
mately .008 in. Chromium, as
deposited by the Fescol pro-
cess, has a Brinell hardness
number of 800/1000, and is generally
applied to new parts where an ex-
ceptionally hard-bearing surfaceisrequired.

This process should not be confused with
ordinary electro-plating practice, where
only thin films of metal are deposited.
Electro-plated deposits are often non-
adherent and wuseless for engineering
purposes.

The Fescol process also has the
advantage of being a cold one, and at
no time during treatment does the part
reach a higher temperature than 180° F.
As a result of this no distortion or alteration
of the structure of the base metal can take
place.

In addition to nickel and chromium,
copper, cadmium (for rust-proofing) and
lead are also deposited by this process.

By means of this pro-
cess, worn parts or
machine-shop scrap can
be salvaged. For this
purpose nickel is depo-
sited to such a thickness
that the part may be
machined after deposition

Push ézf/i/é/z

Switch

to the original size. An -

exceptional degree of -

adhesion is obtained be- [ ___ < Push

tween the deposit and [=— gowa;f' _____ VK “Switch

the base metal. “"“u”#“;,‘ggﬂ"e}';;,’ —
Tests carried out by Solenoid

the National Physical
Laboratory have shown

Fig. 2—THE GARAGE DoOR OPENER.
Showing arrangement of push switches.
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As reported elsewhere in this issue, Sir
William Ray in his recent address to
members of the Electrical Contractors
Association at the Buxton Conference pointed
out that it was essential for the rapid develop-
ment of the Electrical Industry for the
Electrical Contractor to work in co-operation
with Municipal Undertakings. Many con-
tractors have a grievance that wiring instal-
lation is being undertaken by the Municipal
authorities in their own areas.

If Municipal Wiring Were Made Illegal.

Let us suppose for a moment that an
amendment to the Electricity Supply Act
was brought into being, rendering it illegal
for Supply Authorities to compete in this
way with electrical contractors. What
would be the result ?-

Undoubtedly there would be an immediate
influx in skilled and unskilled men into the
wiring and contracting side of the Electrical
industry. Mushroom companies would
spring up all over the country and for a few
years, whilst the development was in pro-
gress, there might be reasonable prosperity,
although price cutting might keep profits
down to somewhere near vanishing point.

Looking Ahead.

After four or five years, when the bulk of
potential consumers premises had been
wired, the contractor would find himself in
competition with perhaps double the present
number of firms in his own district. Under
the existing conditions no such influx need
be feared, and even those contractors who
operate in districts where they have to
compete with the Municipal Undertaking
will find that their clientéle, or at least their
potential clientéle, is increasing year by
year.

A Large Grid Controlled Rectifier.

A grid controlled mercury arc rectifier
rated at 16,500 kW., 500 volts, 30,000 amps.
is now in course of manufacture by the
A E.G. for installation in a large dye works
at Bitterfelt, Germany. This is claimed to
be the largest unit of its type vet designed.
Note the enormous current output which,
assuming a working current density of
1,000 amps. per square inch, would require
cables approximately 6} in. diameter core
to carry it.

Can Supply Undertakings Supply Wireless 2

Last month we gave a brief reference to
a new system of relaying broadcast pro-
grammes using electricity supply mains. A
Bill has now been presented to the House of
Commons by Mr. W, S. Liddall, M.P. for
Lincoln, under which it is sought to confer
the necessary Powers on Authorised Elec-
tricity Undertakers whereby they will be
empowered to make arrangements for the
relaying of wireless programmes over their
electricity supply systems, and it is hoped
that the requisite Powers will be conferred
by Parliament next Session. The object of
the Bill, now presented, is to remove the
doubt which exists as to the Powers of the
authorised undertakers to permit the use of
their electricity supply systems for the trans-
mission of wireless programmes. It is
claimed that this new system of listening
will entirely eliminate annoyance due- to
electrical interference.

Iron-selenium-platinum Photo Electric Cell.
We understand that the National Physical
Laboratory have recently developed a new
type of photo-electric cell consisting of an
iron plate coated with selenium covered

with finely divided platinum. The new (iell
I
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is stated to be very suitable for use in
electrical photometers and similar apparatus.

Electricity in Ship Propulsion.

The use of electricity for ship propulsion
is becoming more and more important.
On Monday, July 2nd, the Diesel-electric
vessel ‘‘ Loch Nevis’’ was put into service
on the Mallaig-Portree route. There is a
tendency amongst shipowners to replace
obsolete vessels by electrically driven vessels.
‘The problems of electrical control on ship in-
stallation are entirely different from, those met
with in land practice and we are, therefore,
dealing with this subject in the present issue
in an article beginning on page 532 entitled
“D.C. Equipment of Electric Ship Pro-
pulsion.”” We hope to follow this by further
articles covering different aspects of the
problem. All these articles are written by
one of the leading authorities on this
specialised branch of electrical work.

A Non-Magnetic Watch for Electrical Men.

We have received from Messrs A. Arnold &
Co., of 122, St. John Street, Clerkenwell
Road, London, E.C. 1, one of their appoint-
ment alarm watches for test and review.
This watch, which is suitable for desk or
pocket use, has an alarm hand which can be
set at any desired time. A tiny bell inside
the watch rings an alarm at the predeter-
mined time. This watch serves the double
purpose of an alarm clock by night and an
appointment alarm watch by day, and
should be useful to busy electrical engineers;
the action is unaffected by magnetic fields.
Messts. Arnold will be pleased to send
further particulars on to any reader on
receipt of a postcard at the address given
above.

Designing an Electric Wiring Installation.

In view of the increasing importance of
installation work the article which begins on
page 515,and which is written by Mr.Winton
Thorpe who has specialised on this class of
work, is of particular value not only to men
already engaged on the contracting side of
the Industry, but also to those who may
have occasion at some later date to turn
their activities in this direction.

Electric Welding Has Come to Stay.

‘We have previously referred to the growing
use of electric welding in all kinds of engineer-
ing, constructional and repair work. The
article beginning on page 527 gives an
interesting survey of the possibilities of arc
welding and much practical information
regarding the methods which should be
employed to get the best results.

Readers engaged in engineering works of

any kind will find that the time spent in
perusing this article is well spent. Some of
the largest engineering firms in the country
are using fabricated (i.e. welded) steel
construction for machine parts which for-
merly could only be made from expensive
castings. Move with the timee, and apply
the latest and best practice to your own
engineering problems.

Our Second Volume.

This issue completes the second volume of
the Magazine and in response to requests we
have devoted some space in the present
issue to a complete Index of Nos. 13 to 24.
For the convenience of many readers who
wish to have their volumes bound into
permanent form for reference, Messrs. A. W.
Bain & Co. are making a special offer which
is announced elsewhere in this issue.

Have You Kept Your Back Numbers ?

‘We have been surprised at the number of
occasions during the past few months where
new readers have asked for information on a
specific subject and we have been able to
refer them to back numbers containing an
article giving precisely the information.
In view of the very large amount of valuable
information contained in the present volume
we advise all veadevs to have theiv sets bound
without delay. The bound volume will make
a handsome as well as a useful addition to
the technical section of your library. If you
send issues Nos. 13 to 24 to Messrs. A. W,
Bain & Co., Ltd., 17, Bishops Road, London,
E. 2, together with your name and address
and a postal order for 5/6 they will
complete the work in first class style and at
very moderate cost and return the volume
to you carriage paid. If you have one or
two issues missing from your set enclose an
extra shilling for each missing part and your
set will be made up by the binders.

Questions and Answers by Practical Men.
We still continue to receive every month
many more questions than we can possibly
find space to answer in our editorial columns,
and it is evident that this is one of the most
popular features of the Magazine. Several
readers have suggested that we should have
a more frequent publication at a lower price.
This question is receiving very careful
consideration. If you have any practical
problems connected with any branch of
Electrical Engineering we shall be pleased
to hear from you. Address your queries
to :—
The Editor,
“Tae PracricAlL ELECTRICAL ENGINEER,”’
- 8/11, Southampton Street,
Strand, W.C.2.
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DESIGNING AN ELECTRIC WIRING
INSTALLATION

By D. Winton THorre, AM.LLEE.

examine the initial stages to be

passed through when an electrical
wiring installation is born. The affair
may be approached in so many different
ways that the only possible method of
treating it here is to assume one particular
method and to follow it through on those
lines.

THE purpose of this article is to

The First Consideration—What is the
Load Going to Be ?
Before we can stir

and more important still, right out of the
mind of our customer or architect—that
lighting points represent the only form
of outlet for electricity. While writing
this article I have just glanced at a plan
which lies on my drawing-board. Itis a
plan of some fairly typical London flats,
and I find that each flat contains the
following outlets : Lighting points, light-
ing plugs (5 amp.), heating points, heating
plug points, cooker points, rddio points,
refrigerator points, bell points, inter-

communicating tele-

a finger, we must be —

— phone points, clock

in a position to know
what form the ser-
vice will take; in
general this means, I

Light Plug

to-day, whether it is
to be single-phase or
three-phase service.

This in turn can-
not be ascertained

Fower Flug

points, post office
telephone points
(tubing only), and
]: there is little doubt

FPower Plug

that at this stage of
the proceedings
something may
have been forgotten.
All these possibili-

Light Plug

until we are in 5 A B N P ties then must be
1t1 g, I.— AD ARRANGEMENT OF QINTS. 4 3

a pOSlltlon to l}elt t.he If circumstances permit, let the light plugs pro Igln?ntth lnl th.e

supply authority be back to back and also the power plugs. mind ol the e ectri-

know what the load cal engineer and

will be. The load on any wiring installa-
tion is determined by the customer’s or the
architect’s requirements.

What Points Are Required ?

Therefore, the first step must be to get
a set of plans of the building, if such are
available, and to ask our customer or our
architect to mark on those plans exactly
what outlets for the use of electricity he
requires. Maybe he has few ideas on the
subject and asks us to mark on the plans
what we think should be there. Now
whether the customer, the architect or we
ourselves should take this work in hand,
three questions must be applied at every
turn—what is necessary, what is desirable,
and what is perhaps a pleasant luxury ?

We must get right out of our minds—

must be brought into prominence in the
mind of the customer and his architect.

Placing the Points in the Best Positions.

Having by some means or another
finally settled what allowance of outlets of
this sort each room in our building requires,
it then again becomes our job, in combina-
tion with the customer’s or architect’s
views, to put them into positions which at
once satisfy the requirements of the
customer and make for the most econo-
mical wiring lay-out. As an example of
what is perhaps a rather elementary fault,
but one which is nevertheless made quite
frequently, due to carelessness in the
initial stages, I have given here a little
sketch (Fig. 1) showing two rooms divided
by a comparatively thin partition, in
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which a 5-amp. plug

which a light may

on one side of the |I be taken for the
partition backs on I/Ir dressing-table. It
to a 15-amp. plug ' | may be that it is
on the other side # \( ! very reprehensible
and vice versa. If ya /’g—ht/ / - of our architect
the requirements of p/ug ! not to have thought
the room permitted Y of this himself.
—and in most cases i But we can materi-
it will be found that Obvirous position ally increase our
they do—how much for bed reputation in his
better to apply our ; ' eves if we think of
knowledge of wiring these little things
practice and see g, ,  Ax Apsurp Prace 1o Pur a Ligmr for him.

that the two 5-amp. PrLyuG.

plugs are back to How to Make a Sche-

back, thereby allow-
ing them to be
served with at least
one run of tube and possibly with one
pair of cables only, looped from plug to

plug.

Anticipate the Position of the Furniture,
Again, in another sketch (Fig. 2), I show
a little bedroom in which there is only one
possible position for the bed, yet the plug
intended to serve the reading lamp has
been placed in such a position that when
the bed is in the room it will be quite
inaccessible. It may be argued that to
forecast the position of furniture is not our
function so much as that of the customer.
This may be so, nevertheless with our daily
experience of installing 5-amp. plugs, we
are in a better position to anticipate such
matters than the customer who may only
have his house wired once in his lifetime.
Here again is
a bedroom
(Fig. 3) in which
we may nor-
mally antici-
pate that the
dressing - table
will be placed
in or adjacent
to the big bay
window, yet we
have omitted to
provide either a
ceiling point
over the dres-
sing-table or a
plug point from

neath 1t.

o

There is only one reasonable place for the bed
and the plug should be adjacent but not under-

Desirable to have a light |
for the dressing table

Light
® Po%n‘

Fig. 3.—A BeDrRooM WwITH A Bay WiNnbow UsUALLY
REQUIRES A LigHT IN THE WINDOW FOR THE DRESSING
TABLE.

dule of Points.

Finally then we
have established
agreement between all the parties—the
customer, the architect and ourselves—as
to what points are necessary and where
they are to be placed. Now we can make
a schedule of points. There are various
methods of doing this, but by far the best
to my mind and probably by far the most
commonly used is that of tabulating the
rooms in column form as shown (Fig. 4).
Here we have noted against each room how
many ceiling points it has, how many
bracket points it has, how many switches,
how many, in fact, of each type of outlet
or accessory. At each floor we can make
a total brought forward to be added
to the total of the next floor, so that
finally we have a grand total showing
precisely how many points we have in each
category.

Estimating the
Total Connec-
ted Load.
Either by

— allowing an
average loading
per lighting
point, such as
say 60 watts
per point, or al-
ternatively, and
ingreaterdetail,
by adding a
final column to
our table so
that opposite
each room is
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shown the loading for that room, we can
arrive at the total load for each floor and
the total load for the entire building.

This is what is known as the ‘con-
nected load.”

How to Estimate the Actual Maxzimum
Load.

It is, however, almost inconceivable that
every lighting point, every 5-amp. plug,
every I5-amp. plug and indeed every
form of outlet in a building will be used up
to its full capacity at a given time. There-
fore the ““ connected load > which by now
we have established, though it is a step in
the right direction, must not be confused
with the actual maximum load which we
anticipate.

To begin with, a 5-amp. plug is rated,
as its name suggests, at 5 amp.; it is
served with wiring which will carry
5 amp., and it is probably connected to a
standard lamp having a 6o-watt lamp
which takes about a quarter of an ampere ;
so that even assuming such a preposterous
state of affairs as all the 5-amp. plugs
being in use at the same time, they would
not be in use to the tune of 5 amp. each,
but merely a quarter of an ampere. On
the other hand, some of these 5-amp. plugs
may be connected to electric irons taking
over I amp. but probably under z amp.
The 15-amp. plugs may some of them, at
times, be connected to a 3-kW. fire with
all bars burning and taking, therefore,
something very near 15 amp. ; others, on
the contrary, may be connected with
nothing for the time being; while yet
others may have a 2 kW. or a 1 kW.
fire, taking 10 or 5 amp. only.

A Practical Example.

Therefore we have got to establish what
in our opinion is likely to be the maximum
load and this is best established by showing
it as a proportion of the connected load ;
this proportion or ratio is usually known
as the ““ diversity factor,” and is usually
written as a percentage. Thus, at the
moment, I am concerned with a large
private house which has a connected load
of go kW. ; assuming a diversity factor of
60 per cent. and presenting these two
facts to the supply undertaking, they will
probably give me a service capable of
carrying 54 kW,

At this stage, therefore, we have really
established what we want in the way of
load and, armed with these facts, the
supply undertaking is in a position to tell
us what form of service it will give.

Balancing a Three-phase Service.

To-day in any building taking a sub-
stantial amount of electricity, it is the
usual—though not invariable—practice of
the supply undertaking to give a three-
phase service. They will further ask that
the load be balanced between these three
phases, so that possessed of the informa-
tion that the service is to be three-phase,
we must once more have recourse to our
plans and divide our outlets in such a
manner that the load is approximately
even if divided into three parts. This
process usually involves a good deal of
“trial and error”’ work, since at a first
cast it is usually found that there is a
certain amount of out-of-balance which
sometimes is not quite so easily rectified
as one might imagine, bearing in mind
that the phases must be kept distinct, so
far as concerns the various outlets which
they serve. When the balance has been
finally achieved the circuit now becomes to
all intents and purposes an independent
two-wire service and can be treated as
such from the distribution point of view.

Planning the Distribution.

Between the points at which the single-
phase service is taken from the three-
phase busbars and the points at which the
electricity is actually used by the con-
sumer, there must come a certain amount
of control gear including switches and
fuses. The actual quantity and position
of such switches and fuses which are to
be installed are once again purely a matter
of intelligent anticipation of the needs of
the consumer.

Some Examples.

If, for instance, we are concerned with
a two-wire service to a village hall, having
nothing but lighting as a load, all that we
require is one main switch fuse and a
small sub-distribution fuseboard dividing
the total load into two or possibly three
subcircuits.

If, on the other hand, we have perhaps
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Fig. 4—A TypicAL ScHEDULE oF PoINTs.

some almshouses, it is clearly desirable
that each set of rooms should be con-
trollable by a separate main switch and
fuse, however small this may be; though
beyond this main switch and fuse, if each
set consists of one or at the most two
rooms, we need not further subdivide our
system into subcircuits, but can leave the
fuse of the switchfuse as the only protec-
tion required for the circuit.

In the case of a block of offices, we have
to try to anticipate the form of division
which is likely to take place in the matter
of tenants, and make certain that each
part of each floor which is liable to be let
off as a separate entity has its own
independent control gear, whether that
control gear is actually placed in the
section of the offices in question or on
some common switchboard, say in the
basement.

Fuseboards—

Fuseboards, it must be remembered,
serve two purposes : the first and obviously
most important purpose is that of provid-
ing protection for individual circuits
against overloading due to short circuits or
other causes. The second purpose, not so

fundamental but nevertheless of great
practical utility, is that of providing a
simple and convenient means of breaking
up one main circuit into several sub-
circuits. Sometimes the addition of a
distribution fuseboard which is not strictly
speaking necessary from the point of view
of protection of the cables may be
extremely desirable and economical on the
ground of offering this convenience of
splitting up the main circuit, and further,
for making it possible for any subcircuit or
group of subcircuits to be isolated by the
simple process of drawing the fuse or
fuses. Though, in order to avoid confusion,
it should be added that, having split up
the main circuit into subcircuits, the fuses
then become necessary.

—and Where fo Place Them.

From the electrical point of view it
must be remembered that it doesn’t much
matter where we place our distribution
fuseboards. Provided that we have pro-
perly calculated the size-of the cable
necessary to carry the respective circuit
currents we can suit ourselves—or, to be
more precise, our customer—as to whether,
for instance, the fuseboard controlling the
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subcircuits serving the East wing of the
bedrooms is situated in the cellar or in the
East wing. From the point of view of the
cost of installation we are interested
parties ; but if, for the sake of argument,
the cost is not being considered so much
as convenience, then the fuseboard can
go anywhere. It is a common mistake
to think that the final distribution fuse-
board serving subcircuits must be geogra-
phically adjacent to the area which it
serves. Very frequently it is far more
convenient and, in the long run, therefore,
more economical to arrange for this
distribution fuseboard to be placed with
others serving different areas at some
common point in the building. Wherever
they are placed, however, it is as well to
bear in mind that they may have to be
used, and that, therefore, while they should
be kept as inconspicuous as possible, they
should not be placed in inaccessible
positions. When a fuse does blow it is
irritating enough at the best of times to
have to go down and reload the fuse-carrier.
If to this is added the task of balancing a
step-ladder on the top of a packing case
and holding a guttering candle in one hand,
the householder may with some reason
curse the lack of intelligence of the
electrical engineer who caused this trouble

by placing the fuseboard in such an
inaccessible position.

Two-way and Intermediate Switching.

Two-way and intermediate switching.
that is to say the control of one lighting
point from more than one switch, is a
matter which up to a point should be
anticipated by the engineer, and if the
customer or the architect has not men-
tioned the matter he should point out that
perhaps it would be convenient if the last
person* to bed in the evening could switch
off the light on the landing below and
switch on the light to the landing above
as he proceeds up the stairs.

All these details connected with the
design of an electrical installation must be
settled before the work begins; they
should indeed be settled before the
contractor is asked to give his price, for if
they are not, confusion and uncertainty
result. Some decisive lay-out should be
agreed upon, even if it i1s modified at a
later date; but that an electrical con-
tractor should be asked to tender for a
wiring installation in which these details
have not been settled is as unreasonable
as for a motor dealer to be expected to
quote a price for *“ a motor car.”

WHY EARTH WIRES SHOULD NOT BE STRANDED

Readers may have noticed in some
specifications that the earthing of such
items as motor frames, switch casings,
etc., must be carried out with solid and
not with stranded conductors. This is
not always specified, but it is becoming
more usual.

The reason is that with a stranded
conductor a large proportion of the strands
can become broken and although there
is a path to earth it will not be of sufficient
cross-section to carry the leakage current
in case of a fault. If only one strand is
left it will still give a good test, but would
be of no use if a seriousfault occurred.

Supposing a #-strand cable is used

and all the strands but one corrode away
or are broken, the one remaining strand
would possibly be burnt out if a fault
occurred and the earth would then be
useless. Earth connections are much
more liable to damage than the circuit
wires as they are generally unprotected,
and are often taken into damp situations
in order to get a good earth.

Where a solid earth conductor is
required, either a round single strand
wire should be used or strip copper of
flat section similar to a bus-bar. In a
sub-station a strip of copper is often fixed
round the building and the earth connec-
tions are made to this strip.
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METAL-CLAD SWITCHGEAR FOR HIGH
VOLTAGE DISTRIBUTION

By W. A. Coates, M.LE.E,, Fellow A.LEE.

HE term ““ metal-clad,” is applied to
all those various designs of switch-

gear in which the component parts
are completely enclosed, each in its own
standardised earthed metal casing.

The space between the live parts and the
«casings is filled with bitumastic compound,
heavy oil, or some similar dielectric, which
serves at once to supplement the insulation
applied to the conductors, and by exclud-
ing air and moisture, to keep dimensions to
a minimum.

Common to all, is a circuit breaker
readily isolated and
completely removable
formaintenance. There
are many methods of
isolation, and of se-
lection between bus-
bars, when these are
duplicated.  Fig. 1
summarises them in
a diagrammatic man-
ner.

Conductor Capacity.
Enclosure in a filled
casing makes it more
difficult for heat to
get away from the
conductors, the cur-
rent density in which
must always be lower
than would be possible
in air. When heavy

reason, the casing is recessed betweer
bars. In more extreme instances, it is
necessary to resort to hollow busbars, the
central portion of massive conductore
being practically useless. It may be
thought that the temperature of the
conductor is unimportant, provided the
outer casing does not become excessively
hot. This is not so, because the insulating
values of the filling compound, taping
around joints, and micarta spacing pieces
all decrease rapidly as their temperatures
increase.

currents are to be
carried, a great deal
depends upon the
relative location of
conductors and casing.
In Fig. 2 is shown
such a heavy current
‘busbar unit, in which
the bars are divided,
so as to get the sur-
faces close to the outer
metal. For the same

CLAD SWITCHGEAR.

Figs. 1A TO ID.—DIAGRAMMATIC REPRESENTATION OF THE STANDARI
METHODS OF ISOLATION AND OF BUSBAR SELECTION WITH METAL

(See also Figs. 1E to 1J.)
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Fig. 3.—Cross SEcTIONAL DRAWING OF HOR1ZONTALLY IsOLATED METAL-cLAD UNrIT, WITH BUSBAR

SeELEcTION, METHOD C, FIG. 1.

isolator plug contacts into place. Although
both parts of these contacts are jig set,
it is necessary to provide some freedom
of movement in one member, to ensure
uniform pressure on contact surfaces.
When the circuit breaker is in the
working position, bolts hold it to the side
frames, to prevent movement due either to
electro-magnetic repulsion when heavy
short-circuit currents pass, or to the impact

(Metropolitan-Vickers.)

of oil thrown up when the breaker operates
on load.

Changing from One Set of Bushbars to
Another.

In early designs of drawout gear,
selection between busbars was effected by
racking out the breaker, then shifting
the upper plugs from one position to the
other, and finally racking back into place
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ELECTRIC ARC WELDING PRACTICE

By “VoLtus”’

become firmly established as an
essential process in many in-
dustries, not only in manufacturing work
but also for repairs and reclamation of
otherwise scrap items. Typical manu-
facturing applications include ship con-

ELECTRIC arc welding has now

a separate filling rod being used if metal is
to be deposited. This process is limited to
rough heavy work where speed and
economy are of primary importance such as
filling blowholes, cutting and the welding
of copper.

struction, struc-
tural work and
the fabrication
of tanks. A
recent develop-
ment in this line
is the complete
fabrication of
motor and gen-
erator frames up
to the largest

tal
z‘l‘ufmdd

sizes in service.
Much reclama-
tion work is
carried out in
railway and
tramway shops
in the repair of
broken parts and
the building up of
worn parts. Many
large castings are
saved in steel works
by having blow-
holes filled in where-
as otherwise they
would be scrap.
Two  Types of
Electric Weld-
ing—The Car-
bon Arec.
There are two
classes of electric
welding in general
use, the carbon
arc and the metal-
licarc. The carbon
arc process consists
of drawing an arc
between a carbon
pencil and the work,

Electrade
Holder

The Metallic Arc
Process.

In the metallic
electric  process
the arc is struck
between the
work and a metal
wire which ful-
fils the function
of both electrode
and filling wire.
This method is

e employed for

X nearly all work

Fig. 1.—METALLIC ARC WELDING PROCESS. and is particu-

The arc is struck between the work and a larly valuable

metal wire which fulfils the function of both where welds of

2“:"‘ o electrode and filling wire. great strength
eturn

Deposited Metal

R

Fig. 2.—THE METALLIC ARC.
The gap between the work and the electrode

is bridged by an arc of intense heat. Metal of
electrode is molten and flows on to the work.
The metallic arc method of welding is used for
nearly all work. Another type of electric
welding—the carbon arc process—which consists
of drawing an arc between a carbon pencil of the
work and applying a separate filling rod for
depositing the metal, is limited to rough heavy
work where speed and economy are of primary
importance.

are required.

A.C. or D.C.

Arc welding can
be carried out with
A.C. or D.C. ap-
paratus. The A.C,
arc is not as steady
as the D.C. but the
plant is  much
cheaper and con-
sists of a step-down
transformer, either
single or three-
phase, working in
conjunction with a
stabilising reac-
tance for current
control.

The D.C. equip-
ment often em-
ploys a  special
generator designed
in such a manner
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~dky L
LIGHT. WELD

PLATES ,gm SYMBOL
L

_refers fo thinner of the 2 plafes
Jeined.

i s LIGHT WELD E
HEAVY WELD. %Ea B Seding Weld.
# Thckness | T | e | % | 5% | % | /0
3/ 5 length | L1 s % |7 [ ro {(T
PLATES EariE Z’H/C/(. L 4p
40 1 '
LIGHT WELD C | zeaxwao |7 H
kg - ) ==
50
uEY) D Thickness | T | 9s | % | % | & | /0
HEAVY WELD. 5" ) length | L |9 | % | % | % |70
D Y/ / Y/ .
T TT TR T% /s eotn (O 1% 10| |06 |5
legrh (L1 |95 | %
seott 10 | e 1T | e PLATES ALL THCKNESSES ,3.3
Space | S (% 1B [Ts & ABOVE
LIGHT WELD s
i or Louvble as frect. ~
PLATES £, . ¥ mick e L=t Tk T [%:‘1 J
L Mirimom, A
LIGHT WELD. E L(’
SSing e | HEAVY WELD One Sk
T 7 3/3 TTE UL STRENGTH WELO K
Length s | £ b
Thickress | T |96 1 1 | |78 [ s | 12 | T | 5 [7e | %2 [ 10
[%ﬁ = A AR A A A AT AL
EAVY WELD.
Secing Wela EOUAL PLATES
e T T T % ALL THICKNESSES NO MACHINING.
Lemth L s | 1 %
et 10| % | % | % RIGHT ANGLED :D L
LIGHT WELD
NU TE — T —hickness in all cases < /('< l

RIGHT ANGLED
FULL STRENGTH WELD
Length L = Thickness T

This chart gives data on the types of joint required for the majority of welding applications.

the atmosphere with consequent deteriora-
tion of mechanical and other qualities,
unless the weld can be protected. The
method of protection adopted is usually
to coat the wire with a material which in

burning will give a slightly neutral or
reducing atmosphere. Cellulose materials
such as paper, cotton, wood pulp and
dextrine are often used in conjunction
with some silica slag-forming reagent
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IN METALLIC ARC

WELDING

LQUAL PLATES symsar

ALe THICKNESSES NO MACHINING

RIGHT ANGLED i E

LIGHT WELD M

N
RIGHT ANGLED MR
FULL _STRENGTH WELD .

Length L = Thickness T 0

ALL PLATE THICKNESSES svmsaL

LIGHT WELD

Length L= ThickressT L

omlor Oz 1L 3 R
then T

g

rL
HEAVY WELD 5
Overlap O= not fes: --

3

s T =

Thckress| T |71 (%1% |76 | %2 | 76| 95 17 |72 [10

Pnckress| T | 16 VJis |7 | T\ 7 | %)z | s 76172 | %2 | 10

overiop | 0 |16 [ |16 1% | %676 %o | T2 | o | 7 [T

Lengtn |1 176 | 7 |76 | %6 | Fe| 75 | e | %\ 78 Ve V1 a |/ T

PLA TES ¢ wng P THCK 5. ABOVE
g WHEN WELD CANNﬂTas MADE _an BOTH SI0ES]
P 9
FULL STRENGTH WELD N

L

5 L/c;/;/r WELD |

Space_Wekding where
ﬁ’?ng

Lenglh L= 777lckness r

— Mi nlmun

HEAVY WELD

Thickness TI1% {7 | 7 % | %

Tctress| T | T | | 72 Ve 1 | s %2 | 76 % % 176 V0]

length (L % | 2 | % | % | 22

Length VL | st Va | 36 706 | %5 | 6 (Wi | e\ 28 V711 1 76

Cut RN AN 3K

PLATES Asave 2

This Weld appll'e;le only when Weld K cannot

vsed.
AL g

FULL STRENGTH
WELD P

-l

Thickness | T |92 | 72 | 10
Leogth 1L 176 | | %
Cut Ci% 7 | %

RIGHT ANGLED
LIGHT WELD

RIGHT ANGLED.
FULL STRENGTH
WELD
L_engﬂv L=T Thimer of_Twe Flates.
rickness\ T |1 | %5 |72 | Y6170 | 76 | %2 1 Y| % |2 |7 [Fo
Length |11 %\ 7 | % | 76| % | % | %) Vel %6 |/ e/l | e}

which will allow the weld metal to cool
slowly; this latter feature is of especial
importance with welds having a high
carbon content.

Amongst slag-forming coverings the
blue asbestos covering, a sodium, iron,
silica asbestos,is one of the most popular,

the covering acting both as a shield and
acting as a protecting slag.

We are indebted to the Metropolitan-
Vickers Electrical Co., Ltd., for the interest-
ing details given in the chart on this and
the facing page, and for some of the illus-
trations which accompany this article.
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AuxiLIARY BussArs ror PoweR & LIGHTING

Ruxilio

Y
Cireuit Breuker >

AuxiLiArRY
GENERRTOR

PropuLsion
GenerATOR

CONTROLLER

PropuLsion
Motor

Fig. 2—D1aGraM 0OF CONNECTIONS—SINGLE-
scREW D C. PropruLsioN EQUIPMENT.

connections are shown in Fig. 2. Excita-
tion for both propulsion machines is shown
supplied as part of the load of an auxiliary
generator driven in tandem with the main
generator. This arrangement is convenient
and economical but not essential. The
excitation may be taken from independent
auxiliary generators or from independent
exciters if this suits the plant in other
respects.

Function of the Motor Field Rheostat.

The manceuvring controller consists
essentially of a reversing rheostat. The
motor field rheostat is provided to allow
for variations in propeller characteristic.
Suppose, for example, the vessel to be
running at a draught below normal. Then
when normal propeller revolutions are
reached (corresponding to normal voltage
on the generator), the power will be less
than normal. It is not permissible to
obtain the increase in revolutions by
increasing the generator voltage, as this

would produce excessive iron loss and field
heating in the generator. On the other
hand, by weakening the motor field, its
speed may be increased until full power is
reached and then no such effect is pro-
duced. Analogously, if the vessel should
encounter a head wind, the torque required
for a given propeller speed will be increased
above normal. This will result in the
motor drawing a current also above normal
in the same ratio. The motor field may
then be strengthened to reduce to normal
the main current required for the excess
torque in question. (The motor torque
being proportional to the product of main
current and field strength.) It will be
noted that a similar result may be obtained
by reducing the generator volts, but with
this important difference that, if this
course be adopted, then when normal full
load current is reached, the voltage will
be below normal and the available power
consequently also below normal in the
same proportion. This constitutes a
limitation which is absent when motor
field strengthening is employed. It is,
therefore, important that the necessary
margin for this should be provided in the
motor. In a tug, this is particularly so,
because a very large increase in torque is
required when towing as compared with
running light (the usual allowance is
about 30 per cent.).

Fault Protection.

Fault protection may take the form of a
circuit breaker in the main connection,
set to operate at say two and a half times
normal full load current. This high setting
is permissible because sustained overloads
are not to be expected in a ship propulsion
system. It gives assurance that the
breaker will not trip under the momentary
overloads experienced during manceuvring
or in a seaway; such peaks may reach
150 to 175 per cent. of normal current.

Avoiding Accidental Opening of Circuit
Breaker.

It will be realised that accidental open-
ing of the circuit breaker may constitute
a source of danger to the vessel if it should
occur during manceuvring. The ordinary
catch-released breaker is not ideal for this
service because of the liability of the catch
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to slip under shock or vibration. The
Metropolitan-Vickers Electrical Co. employ
a special breaker which is held closed by
spring pressure and opened by the direct
pull of a solenoid energised by the main

current. No other action can open the
breaker. It is held open, when operated,
by a detent.

The Excitation Supply.

In Fig. 2 the excitation supply will be
seen to be taken from the machine side of
the auxiliary generator circuit breaker.
The object of this arrangement also is to
safeguard the essential supply to the
propulsion machinery. Opening of the
auxiliary generator circuit breaker due to
a fault on the auxiliary system leaves the
excitation supply intact.

Protecting the Excitation System.

Faults in the excitation system itself
may be taken care of in two ways. In
small plants, where the excitation power
is small, the field circuits may have dis-
charge resistances permanently connected
in parallel with them. In this case the
excitation circuit may be protected by
heavy fuses against the consequences of
an internal fault. The discharge resist-
ances may take the form of electrolytic
valves or rec-
tifiers for the
fields which
are not re-
versed, in
which case no
continuous
loss of energy
is  involved.
In larger
plants a cir-
cuit breaker
of the same
type as that
employed for
the main cir-
cuit may be
used but fitted

PORT
GENERATOR

PORT
MAIN
SWITCH =

sufficient to provide earth indicating
lamps to give indication of the state
of the insulation of the system. Some
users prefer to have automatic earth
leakage protection.

The system just described will only be
used for very small powers. In larger
powers, more than one generator and
prime mover are the practice. The reason
for this lies partly in the superior engine
room layout which results from a sub-
division of the engine power into two or
more units and partly in the greater
reliability thereby obtained, and in the
economical running at reduced power
which the subdivided plant makes pos-
sible. The use of a smaller individual
engine power is usually accompanied by a
higher engine speed. This results in
smaller, lighter and cheaper engines and
generators.

Main Connections for a Single Screw,
Two-generator Equipment.

The diagram of the main connections
for a single screw equipment with two
generators is given in Fig. zA. Thisdiagram
shows a tandem motor to which reference
will be made below. The essential differ-
ence in the main circuit connection con-
sists in the introduction of the two main

STBD
GENERATOR

= ST-BD

i i
p—— " EMERGENGY BREAKER
Z"o‘?f)‘éfm' OPERATING COIL
LINKS

MAIN
SWITCH

TR

1 ria

TR

with a contact
for a short
rated dis-
charge resist-
ance.

It is usually

¥

1
>

5

Fig. 2A.—DIAGRAM OF MAIN CONNECTIONS—SINGLE SCREW, Two GENERATOR
PropuULSION EQUIPMENT.
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,
g 8

[

Voitage to Ground

Fig. 3.—TaNDEM MOTOR WITH INTERLZAVED
CONNECTION, DIAGRAM OF VOLTAGE TO GROUND.

switches. The function of these switches
is to permit either of the two generators
to be disconnected. It will be noted that
the two generators are in series with one
another. When one generator is discon-
nected it is, therefore, necessary to bridge
the gap left in the circuit. This is accom-
plished by means of a double throw switch
as shown in the diagram. An isolating
switch is also provided for each generator
field circuit.

Withdrawing One Generator from Service.

To permit of the withdrawal from
service of any one generator without
interruption of supply to the propulsion
motor, the main switches are constructed
to bridge the generator before breaking
circuit. Naturally, before this can be done
with safety, the generator voltage must
be reduced to zero. The main and field
switches of each generator are, therefore,
interlocked so that the main switch cannot
be moved to the “ generator disconnected ”’
position until the corresponding field
switch has been opened.

The Excitation System.

In other respects the essentials of the
system remain as in Fig. 2. The two
generator fields are paralleled on to the
manceuvring controller, each through a
separate field switch. Each main genera-
tor may have an associated auxiliary
generator, in which case the main excita-
tion switch would be made double throw
and arranged to connect the complete
excitation circuit to either one or the other
auxiliary generator in a similar manner
to that shown for the single auxiliary

generator in Fig. 2. Alternatively, the
excitation may be divided between the
two auxiliary generators by being con-
nected direct to the busbars.

Why Tandem Motor is Used.

The reasons leading to the use of a
tandem motor and the effect on the system
are as follows :—

The maximum desirable working voltage
for one commutator or to ground, except
in the largest sizes of machines, is usually
considered to be 650. With a single
motor, therefore, and two generators, the
maximum voltage per generator would be
325 and the maximum system voltage 650.
By employing a tandem motor, the
system voltage may be raised to 1,300,
each generator and each motor having a
voltage of 650. Hence the current to be
carried by each machine and the switch-
gear and cables is halved. At the same
time the diameter of the motor may be
reduced very considerably, which facili-
tates economical layout in most cases, and
the reliability of the vessel is increased
because either unit of the tandem motor
may be used alone.

The Interleaved System.
The system voltage of 1,300 mentioned

+800

+400}

i
Vottage]to Grownd

~_

With Eerthing Resistance

Volrage to Ground

Wehout Earthing Resistance

Fig. 4—TANDEM MoTOR WItH PLAIN SERIES
CONNECTION. DIAGRAM OF VOLTAGE TO GROUND,
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above does not involve insulating any part
of the plant for this pressure. InFig.2a
the generators and the two motors are
““interleaved,” i.e., the generators are
separated in the circuit by the two motors.
Hence the maximum voltage to ground is
only 650. This is illustrated in Fig. 3,
where an earth is assumed to occur at one
of the machine terminals. An earth else-
where would give a lower voltage to ground.
The “interleaved” system of con-
nections shown in Fig. 24 involves two sets
of cables to the tandem motors. In an
alternative arrangement illustrated dia-
grammatically in the lower part of Fig. 4,
the two motors are connected together
electrically. In this system of connections
only one set of motor cables is required,
but it is necessary, in order to limit the
voltage to ground, to provide an earth
connection either between the two motors
or between the two generators. The
effect of the earth connection is illustrated
in the upper part of Fig. 4. Any earth
fault which occurs with this arrangement
constitutes a short circuit of part of the
system and it is necessary, therefore, for
the earth connection to include automatic
apparatus either to remove the normal
earth connection in the event of a fault
(in which case a high voltage to ground
may result) or to interrupt the excitation
supply (which results in cessation of
power supply, which may be dangerous).
The “ interleaved ”’ system does not
suffer from these disadvantages and is,
therefore, to be preferred. Systems ana-
logous to the foregoing may be arranged
with any number of generators. The
tandem motor is then particularly helpful
in avoiding the use of abnormally low
voltages and heavy currents for the
relatively smaller generators involved.

©Operation of Multiple Generator System.

The possibility, in a multiple generator
system, of using less than the total number
of generators leads to economical running
at speeds below normal and the effect is
very soon available as the speed is reduced
because of the disproportionately great
reduction of power with speed. For
example, in a four-generator equipment
the following speeds are {ti 2oretically

obtainable with the different number ot

generators :—

4 Generators 100.0 per cent. speed.
3 2y 90.9 2 [

2 » .. 794, »

I ” .. 630 "

The remaining generators still rotate at
full speed and, therefore, are capable of
giving their full rated power. With, for
example, three generators running there
is available three-quarters full power and
three-quarters full voltage. Under this
condition, the motor would naturally
drive the propeller at 75 per cent. speed
and the power required would only be 42
per cent. of full power. As already
explained, however, the motor speed may
be increased by field weakening until the
full available power of the generators is
absorbed. This, as given in the table
above, occurs at go.g per cent. speed.

This effect may be produced by a motor
field rheostat. If, however, the fourth
generator were reintroduced without the
motor rheostat being returned to its normal
setting the motor would continue to run at
a speed higher in the above ratio of 75 to
go.g per cent. than that corresponding to
the generator voltage, ie., the motor
would tend to run at 21 per cent. above
normal speed. If this occurred, the power
required would represent an overload of
#8 per cent., which would cause the
engines to slow down to an extent which
might endanger the whole auxiliary supply
of the vessel if obtained in the usual way
from auxiliary generators driven in tanden
with the propulsion generators.

It 1is, therefore, normal practice tc
weaken the motor field for this purpose by
means of blocks of resistance which ar¢
inserted in the motor field circuit by
auxiliary switches operated from the
generator isolators. The motor fielc
is thus automatically weakened anc
strengthened in accordance with the
number of generators. This arrangemen
does not give exact adjustment, however
because it must insert equal blocks of re
sistance as each generator is disconnected
whilst for exact adjustment differen
amounts should be inserted in the first
second and third steps. The agreement is
however, fairly close and the discrepanc
can be adjusted by a rheostat. Careles
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Moving Confct switches to insert resistance in the genera-
Fxed Confocts tor field circuits and so limit the voltage
/ \\ obtained when one motor is isolated.
5 W«f‘\l/nngfesshncesh]‘
m 0 TWIN SCREW SYSTEMS.
A - --—JEF Conbroller In general a twin-screw system consists
'_DL ——UD_.. -S,'f,";-"ﬁ;:ad simply of two single-screw systems, and
_g—‘ -t pesifen)  the foregoing principles of single screw
i B0 systems apply as long as the port and
Blow-outCo=t ]| 1101 starboard equipments remain electrically
o - independent. Any association between
_EDE_’]_ o the two, however, introduces a fresh set of
= égs\lpp' conditions.
! ) Supplying Two Motors from One Generator.
In a twin-screw equipment consisting
| of one motor and one generator set per

= |

@
Port Sk
Main Generafor Mcm? ere::::br
—ﬂﬂmmm—ﬂ
—_—

Port Mofor Srarboord Malor

Fig. 5.—Twin-scREw D.C. PropuLsioN EqQuip-
MENT.
Key diagram of interconnections between
controller, propulsion motors and generators.

handling can still, however, produce an
overload though not of serious amount.

Cutting Out Motor Unit.

It should be noted that one unit of the
tandem motor is not cut out except in the
case of breakdown. In such a case we
have a half power unit running at reduced
speed, so that the power available is also
reduced and the speed is 70.7 per cent. of
full speed. Since the cutting out of one
motor unit is an emergency operation, it
may be performed with the system dead.
Bolted links mounted on the motor are
conveniently used for this purpose as
indicated for the main circuits in Fig. 2.
In some cases, however, isolating and short
circuiting switches may be included with
the switchgear. This is particularly
adapted to the interleaved system as all
motor terminal leads are required to be
brought up to the switchgear to interleave
with the generator connections. The motor
isolators may be fitted with auxiliary

screw, each set independent of the other,
if one of the generator sets should be out
of commission, its motor must either be
shut down or supplied in parallel with the
other motor from the remaining generator.
The second plan is clearly the better since
it keeps both propellers in commission and
avoids running with the helm well over.
It is, however, subject to certain limita-
tions. When the two motors are con-
nected to one generator they will, in the

a Circutt Breokers ond ©
mInrS SIS/ Equaliser Smitches T3>
o EP Field Selector Switch

Starboard
Main
Generator

Port
Main
Generator

i to!
gt
‘/Overlood Colls
/\
Ny
T o f
st ) 3 I/ o
I |
—T T T
Port Starboard
Motor Motor

Fig. 6.—Twin-scrRew D.C. PropPULsION EQUIP-
MENT.

Key diagram of connections between propul-

sion motors, generators and auxiliary gererators.
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adaptation of the two single-screw systems
described, both run at the same speed and
in the same direction. There is not much
disadvantage to have the two motors
always running at the same speed. It is,
however, definitely disadvantageous that
they should both rotate .in the same
direction, since the main manceuvring
advantage of the twin-screw vessel is lost.
In the system employed by the Metro-
politan Vickers Electrical Co. for shallow-
draught wvessels, this disadvantage is
removed by employing motor field reversal
for changing the direction of rotation of
the motors. Speed variation is still
obtained by generator field control as in
the single-screw systems. When, therefore,
the two motors are connected to the
generator, they both rotate at the same
speed, but they may be made to rotate in
the same or opposite directions as required.

The type of vessel in question employs
fairly high speed motors which are, in
consequence, relatively small, and their
fields build up rapidly. By providing in
the controller a small time delay between
the application of excitation first to the
motors and then to the generators, the
motor field is enabled to build wup
sufficiently to prevent a heavy current
overload being imposed on the system as
would be the case if voltage were applied
to the armature of an under or unexcited
motor.

Excitation Precautions.

With this system, a precaution is
necessary to prevent voltage being applied
to one unexcited motor whilst the other
is being used. In the Metropolitan-Vickers
system, when the two motors are con-
nected to one generator, the two generator
controllers are connected in series and,
being coupled to the motor field reversers,
are, therefore, made to ensure that the
generator excitation circuit is not com-
pleted unless both motors are excited.
This is shown diagrammatically in Fig. 5,
whilst Fig. 6 shows the main connections,
including the main selector switches for
coupling the motors in parallel. Analogous
connections are made for the excitation
circuits. Fig. 6 also shows the connections
for two auxiliary generators used one at a
time, as exciters.

System with Motor and Generators in
Series.

In an alternative system proposed for
twin-screw vessels, the two motors and
generators are connected in one series
circuit and motor field control only is
provided. In order to prevent current
overloads and instability between the two
motors—disadvantages from which this
system would otherwise suffer—special
generators are necessary having constant
current characteristics. The system pro-

vides the control required since it gives

=

O

Tandem Generators

Single
Generator
Diesel Diese!
Engine Engine
Diesel
Engine
Fig. 7.—TwiN ScrEw, THREE-ENGINE D.C,

DiesErL ELECTRIC PRroOPULSION EQUIPMENT.
Key diagram of main connections.

independent control of speed and direction
of rotation of both motors under all
conditions. Either generator, may, of
course, be put out of commission without
affecting the operation of the equipment.
In its simple form, just described, this
system would have several operating
disadvantages, but wvarious regulating
arrangements have been proposed to
impart the necessary stability and will, no
doubt, be tried out in the near future.
The constant current series arrange-
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ment just described may equally well be
used whatever the number of generators.
This may be an advantage where in a
twin-screw vessel it is desired to use an
odd number of engines (either as the
total number or as one of the conditions
of operation).

If, on the other hand, it is preferred to
have the two propeller systems normally
separate, clearly the number of generators
must be a multiple of the number of

8L £ ARMATURE
M P gPU{S/O/V MéITOR

engines are running, if the two wing
engines only are running, or if the centre
engine only is running.

If, however, the isolating switches for
the units of the tandem generator are
made double throw, and each arranged to
connect its generator alternatively to port
and starboard propeller systems, then
independent control and balanced screw
power may be maintained whatever
number of engines is in commission.

In the Italian Ferry,
mentioned above, all
three engines are fitted
with tandem generators,

QVER
ELAY
ZALANCED, VLT SHUNT
GENERATOR -
co 2

L BE:SY]

S-POLE
C.0.6WITCHES

1l

MOTOR
“CoSpITCH one unit of each set
being connected to the
QvER
C,(,szf:,, £oweg  port motor and the other
> to the starboard motor.
This system employs
somewhat simpler switch-
gear than that just des-
cribed,but the generators
are more costly and re-
quire more space.
Generators to Supply
=P Auxiliary Load.
L A diagram of connec-

I0TOR
A s

i

GENERATO

=]

)
=

Fag.

propellers. The method of dealing with
this problem consists in using tandem
generators. At least one engine must be
fitted with a tandem generator and all the
engines may be. The arrangement will
be clear from Fig. 7, which illustrates a
three engine plant, of which one generating
set is a tandem unit. The isolating
switches are omitted to ‘simplify the
diagram. It will be seen that the output
of the centre engine may be equally
divided between the two shafts and that
independent control of both motors may
be obtained on the Ward-Leonard system.
It will also be evident from the diagram
that this control will be possible with
balanced power on the two screws if all

8,—SINGLE-sCcREw D.C. DieEsgr ELEcTrRIC PROPULSION
EQUIPMENT WITH AUXILIARY SUPPLY FROM MAIN GENERATORS,

tions for a case where
the propulsion generators
are used to supply aux-
iliary load when the
requirements for propul-
sion power are low, or the
vessel is stationary, is
given in Fig. 8.  This
1s the diagram of the
EMV “Cement Karrier,” the main gen-
erators of which are used to provide the
heavy power required for cargo loading
and unloading. The electrical equipment
was supplied by the G.E.C. Each generator
is provided with an isolating and short
circuiting switch in the propulsion circuit,
also a double-throw switch to enable either
generator to be allocated at will either to
propulsion or to auxiliary services. The two
switches may be combined into one unit.
The generators operate as shunt wound
machines on propulsion service and as com-
pound wound machines on auxiliary service.
The question of A.C. propulsion equip-
ment and A.C. and D.C. control will be
dealt with in a later article,
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Fig. 2.—SHOWING THE ACTION OF A CONDUCTOR
N A Fixep FieLp.

of tappings is arranged with a view to
the voltage of the supply and in an A.C.
series-wound machine to the frequency.

It is also desirable that iron
shall be present in the armature
core to reduce the reluctance of
the field circuit to magnetisation,
thus minimising the current
wasted in energising the field. It
is not essential that the core
should be polar. Indeed, polar
types -have now died out except
the Siemens “H’ armature which
is used for special purposes, such
as magnetos for ignition and bell-
ringing.

The Ring Armature.

One of the earliest forms of =
non-polar types was the ring arm-
ature, now obsolete (Fig. 3).

The winding is wound on an iron ring
built up of stampings, and consists of a
continunous and re-entrant coil of wire
with tappings, surrounding the ring. In
view of the distortion of the field by the
presence of the ring-shaped iron core, it is

Fig. 3—AN ELEMENTARY RING WINDING.

clear that the only conductors which are
active in producing a torque are those
on its outer surface. The turns on the
inside are inactive and merely preserve
the electrical continuity. Though simple,
this form of winding is inefficient and
wasteful of copper, but is useful from the
theoretical standpoint for analysing more
complicated windings.

The Modern Slotted Drum Armature.
The slotted drum is now almost univer-
sal practice in armature core design.
Fig. 4 shows two types of lamination in
general use. The windings, instead of
surrounding the drum, consist of conduc-
tors spanning a certain number of slots
with connecting loops at either end. With

Motion of
Conalctor

Field Hur

¥ Current

Fig. 2a—FLEMING'S LEFT-HAND RULE FOR MOTORS.

«

the exception of these ““end turns” the
whole of the wire lies in the best relation-
ship to the field flux and, therefore,
assists in producing the torque. A drum
winding only differs from a ring winding
in the disposition of the coils in relation
to the iron core. The turns are still
continuous and re-entrant.

Relation of Winding Pitch to Pole Pitch.

In order that the two sides of a loop
comprising one coil through which current
circulates shall be under the influence of
the correct field poles, the winding pitch
must bear a definite relationship to the
spacing of the poles. From Fleming’s rule
it is clear that the arrangement shown in
Fig. 5 is workable with a 2-pole field. The
current circulating in the coil, shown by
the arrow, produces a left-hand torque
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under a North Pole,
and a left-hand
torque under a
South Pole. The
nett torqueis, there-
fore, the sum of the
individual torques.
Now consider the
same armature in a
4-pole field (Fig. 6)."
The individual
torques will be in
opposite directions
and will neutralise
one another.

A first require-
ment of a drum
winding, then, is that the winding pitch
shall be as nearly as possible equal to
the ““ pole pitch “—the pole pitch being
the number of armature slots “N”
divided by the number of poles “ P.”

Lap and Wave Windings.

All modern armature windings are what
are called lap or wave windings or modi-
fications of these (Fig. 7). The two types
differ in the arrangement of the conductors
at the commutator end. In the figure it is
assumed for clarity that each slot contains
only one conductor. This construction
is used in large machines. In small

Open Slots

machines it is more usual for a bundle of
several conductors to be housed in each
slot, as explained later.

In the lap winding each element com-

\)'Motion

Fig. 5.—THE ActioN oF A CORRECTLY PITCHED
WINDING LooP IN A STATIONARY FIELD.
The direction of the current is indicated by

the vertical arrows.

Semi Enclosed Stots

Fig. 4—Two CoMMON TYPES OF ARMATURE STAMPINGS.

prising a coil is pitched alternately
forwards and backwards, the progressive
pitch y being the difference of the
forward pitch y,, and the backward pitch
¥. Each element gains y slots round the
armature, until in the complete winding
all slots are occupied.

In the wave or series winding the
progressive pitch is the sum of the partial
pitches v, and y,. The winding elements
circulate very rapidly round the armature,
but, as before, each slot houses the same
number of conductors.

Simple Lap Winding.

The method of arriving at the various
pitches is best shown by an example.
Let us take the case of a two-pole machine
with a 12-slot armature and assume for

Fig. 6.—THE SAME LooP IN AN UNSUITABLE
FieLD.
The winding pitch must obviously match the
pole pitch.
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FORWARD PITCH Vs

BACK PITCH__ Vs A

PROGRESSIVE PITCH
Y = ¥Ye-Ye

\

COMMUTATOR
/

[
LAP WINDING

|

Y Ys
PROGRESSIVE | PITCH Y

=YstYr

COMMUTATOR,
.

I
WAVE WINDING

Fig. 7—Lap AND WaAVE WINDING.
It is here assumed that each slot houses one
conductor.

simplicity, that there is to be one conduc-
tor per slot.

The pole pitch in this case is 123 6,
@

0]

hence we must choose values y, and
¥,, which close to this figure. Further-
more, with one conductor per slot
they must be odd numbers with a
difference of 2, otherwise it will be
found that when a portion of the
winding has been laid we shall
return to a slot which is already
occupied. Suitable values are y.=
7> Ys =5

A lap winding with these values
drawn as a developed diagram is
shown in Fig. 8. At the ends, where
the diagram becomes discontinuous
the corresponding leads are num-
bered. Connections to the commu-
tator bars are made at each coil,
hence, the number of bars must
be one-half the number of armature
slots.

Simple Wave Winding.

In a wave winding the conductors are
pitched constantly forward, at partial
pitches roughly equal to the pole pitch.
Thus, when a number of conductors
equal to the number of poles has been laid
on, the winding will have passed right
round the armature. Since we need only
one conductor per slot it must be prevented
from returning exactly to the starting
point ; it must return to a point two slots

ahead or behind the starting point. In
other words :—

yXp=NdZ2 or y=N;t z
where p = number of pairs of poles. Also

¥ =¥, + ¥, = progressive pitch.

Let us take the case of a 22-slot arma-
ture in a four-pole field. The pole pitch.
.22 4
1S — = 5?'

Since p = 2

22+ 2
=== 12 or I10.

We must choose values of y, and y, to
total either 10 or 12 and they must both
be odd numbers. Furthermore, they must
each be nearly as possible equal to the
pole pitch 53.

Of the values possible, y, =y, = 5 are
the most suitable, and a winding with
these values is shown in a developed form
in Fig. 9.

®
®
]
F Y ¥ yew
N S
t 2 3 4 5 [ 7 8 9 o 12 @
A 71 | 1 ®
g = 5 T E T F 1
Ve BRUSH &4 VE BRUSH

. FEEDING POINT
COMMUTATOR BARE

FEEDING POINT
COMMUTATOR BAR B

Fig. 8.—A Two-PoLE LarP WINDING IN A DEVELOPED

ForM.
IM
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Fi1g. 9.—A DEVELOPMENT OF A 4-POLE WAVE WINDING.

Equivalent Ring Winding.

In the diagrams, Figs. 8 and ¢, one
position of the pole faces in relation to the
armature has been shown stippled. It is
clear that for a co-acting torque to be
obtained the conductors under a North
Pole must carry opposite currents from
those under a South Pole. This, of course,
is an instantaneous condition. The arrows
indicate these currents.

If now the conductors which are con-
nected together are sorted out and drawn
adjacent to one another below the main
diagrams we obtain a continuous zig-zag,
which represents the equivalent of a ring
winding, with the difference that all
conductors are on the surface of the
armature.

We must now put in the direction of
the currents obtained from the arrows
already in the upper parts of the diagram.

We see that in the case of both the lap
wave connections the windings divide
themselves into definite electrical circuits
the number of these being dependent on
the type of winding and the number of
poles.

In Fig. 8 there are clearly two meeting
points of current, Y and Z in the lower
part of the diagram, corresponding to the
conductors 12 — 7 and 6 — 1 respectively.

These must be feeding points, i.e., the
position of the brushes. Current from a
positive brush at Z will divide itself

between the two paths available, one to
the right and one to the left, circulate
through the armature and rejoin at Y.
The armature, therefore, has two parallel
paths and in this case two brushes will be
required. The points Y and Z correspond
to commutator segments B and F respec-
tively opposite the centres of the pole
faces. It is immaterial what position the
poles are assumed in relation to the
winding. If the currents in the conduc-
tors are traced out in the same way, it will
always be found that brushes must be
placed opposite the pole centres.

The Short-circuited Coils.

Imagine the winding moved one slot
distance to the right. Each of the brushes
will now be spanning two adjacent com-
mutator bars and consequently short
circuiting the coil connected between
them. Though at first sight it may appear
incorrect, we see that the conductors
concerned are in the gaps between the
poles and are, therefore, producing little
or no back EXM.F. This is obviously the
best position for commutation. In prac-
tice, of course, it is necéssary to retard
motor brushes slightly (against the direc-
tion of rotation) to compensate for the
distortion of the field by armature re-
action.

Referring to Fig. 9 of a wave-winding
with four poles, the winding may be



Fig. 10.—MuLTI-TURN COILS ARRANGED FOR (@) LAP CONNECTION ; () WAVE CONNECTION.

The placing of the coils in the slots is identical in both cases.

The difference lies in the connections

to the commutator, which forms a convenient place for the inter connection of the free ends of the

coils.

analysed in the same way. The equivalent
ring-winding is drawn in below the main
diagram, and from the direction of the
arrows it is seen that there are two
meeting points at P and Q corresponding
to armature conductors 6 — 11, and 12
— 17 respectively. These must be feeding
points and the brush positions are, there-
fore, at commutator segments E and H.

Number of Parallel Paths.

It is important to mnote that the
number of parallel paths through a lap-
wound armature bears a definite relation-
ship to the number of poles. In Fig. 8,
we found by analysis two such paths.
Had we taken a 4-pole armature, four
parallel paths with four current meeting
points would have been found and, there-
fore, four brushes (two positive and two
negative) would have been required.

The general rule is that the number of
paths in a lap-winding is equal to the
number of poles.

In a wave-winding, however, it is found
that there are always two paths with any
number of poles. Only two brushes are
required and though on a large machine it
is usual to employ more than two, their
effect is merely to short circuit a coil
between the poles, and the number of
circuits remains two.

Multi-turn Windings.
In small machines, A.C. and D.C., the

The coils would, of course, be former-wound.

number of armature conductors may
amount to some hundreds.

It is obviously impossible to employ a
separate slot for each and the winding is
invariably composed of a series of coils
containing many turns insulated from one
another as in Fig. 10. A shows lap
connections and B wave. Comparing the
two it is seen that the arrangement of
the coils in the slots is identical and it is
only in the connections to the commutator
that the windings differ.

The coils are invariably wound on a
former and then placed in position on the
armature core. The commutator is a
tonvenient place for interconnecting the
free ends of the coils and each segment
receives two coil ends. The winding thus
becomes electrically continuous with equi-
distant tappings to the commutator. In
Fig. 3 the ring winding has been
connected in the same way.

The number of slots and the partial
pitch must be chosen with the previous
considerations in view. A number of slots
suitable for lap winding will not neces-
sarily do for a wave-winding.

A.C. and Universal Motors.

Though in principle armature windings
for D.C. and A.C. commutator motors are
the same, there are in the latter some
special considerations to be met. We
have seen how during rotation of the
armature, the coils are short circuited in
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Fig. 11.—AN 8-sLOT ARRANGEMENT WITH Two
CoiLs PER SLOT.

One coil has been thickened to show more
clearly the commutator connections; the brush
positions are also shown.

turn under the brushes, and how this
happens when they are cutting the least
number of lines of force. In an A.C.
motor of this type, there is, besides the
dynamically induced E.M.F. due to the
rotation of the armature, a statically
induced E.M.F. due to transformer action
between the armature coils and the field
coils, which may give rise to excessive
sparking at the brushes. To mitigate this
trouble the number of turns suffering short
circuit by the brushes must be reduced to
a minimum. In other words, the number
of separate coils and the number of commu-
tator bars must be made as high as possible.
To avoid using a larger number of armature
slots—small slots are more troublesome
to wind and further there is a loss of space
due to “ slot insulation,’ it is common to
accommodate more than one bundle of
conductors in each slot.

Typical Arrangement of Coils.
Fig. 11 is the end view of a typical
arrangement of coils in an 8-slot core

with a two-pole field. Fractional h.p.
machines are commonly 2-pole, and here
there is nothing to choose between lap
and wave-winding as regards the number
of armature conductors in series active

in developing a back E.MF. The
number of parallel paths through
the armature is two in both cases.

With lap connection, the forward pitch
is commonly one less than the pole pitch
(three in this case) with a progressive
pitch of one. This will produce two coils
per slot, and there will be as many commu-
tator bars as armature slots. The illus-
tration also shows the connections to the
commutator and the position of the
brushes relative to a two-pole field.

An arrangement of coils as seen from
the end in a 16-slot drum with two coils
per slot is illustrated in Fig. 12. Where
there is an odd number of slots, a similar
procedure would be followed, the coil pitch
being in this case the nearest whole number
below the pole pitch, e.g., 8 in a 17-slot
drum, with a progressive pitch to the
commutator of one.

It is sometimes desirable to use a commu-
tator with more segments than armature
coils. In such cases, equidistant tappings
may be brought from the coils for connec-
tion to adjacent commutator bars. Such
coils would be former wound and appear
diagrammatically in Fig. 13. This is an

F1g. 12.—A 2-POLE ARMATURE WITH 16 SLOTS.
The coils are arranged two per slot and span
six clear slots.
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Fig 13 —A “ TrEBLE "’ CoIL.

Fig. 14—A * TREBLE ” CoIL, SHOWING CONNEC-
TI0NS TO COMMUTATOR.

example of a “‘ treble " coil with two tap-
pings and two free ends. The commu-
tator connections are made as shown in
the development (Fig. 14). Three bars
per coil would obviously be required.

A photograph of an 8-slot armature for
a z-pole field connected to a 16-bar
commutator is reproduced in Fig. 171.

Here only one coil has been laid on and
this has a single tapping brought out
intermediately between the free ends.

THE BEST OF
OPPORTUNITIES

More than 430,000 men have studied I.C.S. Elec-
trical Courses since 1894. A very considerable
percentage of them now hold important and well-
paid positions. The reason for this is that these
Courses are absolutely the best in the world,
having been specially prepared and constantly
revised for correspondence tuition by many
experts of very high standing at a cost, exclusive
of printing, of more than £80,000.

If you wish to make rapid progress in the wonder-
ful and fascinating field of electricity, you owe it
to yourself to obtain all particulars of I.C.S.
Training and what it can do for you. Among our
Courses are the following :—

Gomplete Electrical Engine and Dynamo
Engineering Running
Electrical Designers Lift Operation and
Hydro-Electric Maintenance
Electric Lighting Water-Power Electrical
Electric Traction Mining Electrical
Steam Electric Practical Telephony
Gas Electric Wireless Engineering
Professional Exams.

Write to-day for our 8o-page FREE BOOKLET,
“ELECTRICAL ENGINEERING"
stating the subject in which you are most interested.

International Correspondence Schools, Ltd.
238Internaftional Bldgs.. Kingsway, London, W.C.2

NINTH CONFERENCE OF THE
ELECTRICAL CONTRACTORS’
ASSOCIATION HELD AT BUXTON

(By Our Special Correspondent)

SIR William Ray, M.P., the recently

appointed Executive Chairman of the

Electrical Development Association,
led off with an Address which, to say the
least of it, was provocative in its suggestion
that the day of the independent contractor
was over, and that the supply undertakings
would be taking wiring business more
and more into their own hands. The sub-
sequent discussions showed that the con-
tractorsheld a very different point of view.
Mr. H. M. Drake, of the firm of
Drake & Gorham, Ltd., scored one
decidedly good point in his complaint that
the supply undertakings in competing with
contractors in wiring work tried to pick
and choose. Mr. Drake suggested that
they should either be prepared to compete
on the difficult jobs as well as the easy jobs,
or else leave the whole business of wiring
alone.
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QUESTIONS AND ANSWERS BY PRACTICAL
MEN

Readers are invited to send problems of practical interest.

Letters should be addressed

to * The Practical Electrical Engineer,” 8-11, Southampton Street, Strand, W.C. 2.
Envelopes to be marked < Problem” in the top left-hand corner. Replies to questions
are also invited and all replies published will be paid for at our wusual rates

THIS MONTH’S NEW QUESTIONS

Rewinding for }-h.p. Motor.

I send enclosed particulars of the field
and armature of a %-h.p. motor. Arma-
ture: Diam. of core, 2% ims.; length of
core, 12 tn. ; diam. of slots, 3 in.; No. of
slots 3 in. diam., 12 ; No. of comm. bars, 24.
1 desive vewinding for 200 v. D.C. at
1,000 7.p.m. (approx.) Could you please
oblige with winding data ?

R. WisBERLEY (Radford).

The Trumpy Voltage Regulator.

Could any of your veaders supply me
with .echmical details of an automatic
regulating switch for voltage regulation on a
central battery of * Tudor manufacture ?
There are 112 cells on the battery, 21 of
which are regulating cells.

The regulator is known by the name of
“ Trumpy Automatic Regulating Switch,”
and apparenily was manufactured by a firm
of the name of Messrs. Richm, Frey and Co.,
Hagen, 2.W.

I would be very grateful for any help that
Yyou can give me to obtain particulars, and if
possible a circutt diagram of this particular
system of voltage vegulation.

J. R. L. WirLiams (Tongwynlais).

Machines for Manufacturing Heating Ele-
ments.
I am anxious to obtain some information

FIELD DETAILS OF MR. WIBBERLEY'S } H.P.
MoToR.

regarding the manufacture of electric-iron and
other flat heating elements, and I should
be very grateful if you could supply me with
names of manufacturers of machines suitable
for this purpose.

B. C. Crase (Liverpool).

REPLIES TDO PREVIOUS QUESTIONS

Generator Calculations.

Can you please give me a formula to
calculate :—

The rate of change of current tn amperes
per sec. in a 6 kI, 200 volt 4-pole generalor,
running at 694 r.pm.  The number of

commutator segments is 160 and the brush
Just covers 2 segments and X mica.

Could you vecommend me a book of
Sformulee dealing with electric generators and
motors, etc.

Tuaomas Marks (Cornwall).
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of current in the FILED FLUSH

armature coils of Ess o+

the generator due — et

to commutation will FEEDER FOR 4 MCA TUBE FOR

depend on whether < contacts ps mats ] A wsuuamion

the machine is wave : ® =

or lap-wound (i.e., @ HEALY GAUGE Sp——

the number of paral- ]

lel paths through L F— o

the armature and £7 /i

upon the number of

brushes).

Since one brush
covers two  seg-
ments, the time

taken by the brush to short circuit
one coil equals approximately 3q or ¥y
of a revolution. This is assuming that
the short circuit takes place while two
segments and two micas move under the
brush. Since the commutator makes 694
r.p.m., the time of short circuit equals

&5 X &z min. or seconds.

60
80 x 604
Load current
Paths through
armature.
(Considering wave winding with two paths)
6,000 = 15.
200 X 2
This current is reversed (30 amps. change)
. 60
8o % 604
Now rate of change =

30
60
80 X 694
- 30><6§___0>_<ﬂ§ = 27,760 amps. per sec.

for one brush.

The current per coil =

Current per coil =

SecCs.

Change of current
Time of change

E HEADED
BRASS BOLT

1111

>
°© o o 7

CONNECTIONS CAN BE
MADE HERE IF DESIRED

Fig. 2.—FINGERS FOR FLASHING SIGN SWITCH.

SPRUNG
STEEL

STRAP” OR SOLDER FOR
CONNECTING FEEDER TO CONTACTS

Fi1g. 1.—DRUM FOR FLASHER.

For lap-winding, the number of paths
through the armature equals the number
of poles, in this case four, so the current
change per second equals half that of wave-
winding, i.e., 13,880 amps. per sec.

The above can be written as the formula
given below.

Rate of change of current in amps. per
sec. for one brush equals :—

( K.W. output X 2

Voltage x No. of paths) -
Fraction of comm. under brush
r.p.m. :

A very good book is ‘‘ Junior Technical
Electricity,” by R. Hutchinson, Univer-
sity Tutorial Press, at 4s. 6d.

C. W. S. (Chingford).

X 60

Flashing Electric Sign Switch.

I want to fix a crawling type of flasher
round a streamer board. Can you iell me
how to construct a drum and contact fingers
suitable for four to six circuits totalling
60 to 120 lamps ?

WirLiam MARTIN (Notts).

The drum for the flasher can be a
piece of hard wood with a steel shaft in
the centre, or a piece of fibre tube mounted
on end plates (see Fig. 1). The contacts
can be secured by countersunk wood-
screws, or setscrews if the tube is used.
These screws should be of brass and filed
flush with the contact strip. A diameter
of four inches will provide for a circuit of
20 lamps, while the length for this number
will be zo times the width of the fingers,
plus clearance, and allowance for the live
feeder ring and finger.
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IN CENTRE FOR LOCKING ON ARM~”

Fig. 3.—ANOTHER SUGGESTION FOR FLASHING
SIGN SWITCH.

The fingers can be made of spring steel,
3 in. X &4 in., with contacts made of
square-headed brass bolts, the heads being
rounded off on two edges (see Fig. 2).

The leads to the lamps can be connected
direct to these bolts, or to the bolts
holding the spring steel to the fibre block.
The spring steel is similar to that used for
gramophone springs.

H. EASTHOPE.

Another Suggestion for Flashing Electric
Sign Switch.

Divide the number of lamps into equal
parts, 4 if possible, to keep down the num-
ber of collector bars. Procure a piece of
hard wood (oak or teak), or better still, a
slate panel, with a breadth sufficiently wide
enough to accommodate a circle of studs
equal to the number of lamps. Add one
collector bar to each quarter of the circle

(the bar can be made of brass or copper)
about an inch and a half nearer the centre
of the circle (Fig. 3).

For the arm obtain a piece of harc
fibre ; the length will, of course, be a littk
over half the diameter of the circle, anc
just wide enough to pass over the stud:
without dropping between them.

Brushes can be made of phospho
bronze (springy), about 21 gauge, anc
screwed to the underside of the arm. Th
two brushes can be linked together by :
suitable gauge wire let in on the side o
the arm. The centre of the spindle shoul
have a larger diameter than the two end
and should be threaded ; the arm shoul
be locked on by two nuts, one each side.

Means of mounting the spindle amn
method of driving can be left tothe builde
to suit himself.

Speed of crawl will depend on the spee:
of the driving apparatus.

An isolating switch (double pole) shoul:
be inserted in the incoming mains to th
fuse board.

E. G. BELSTEN.

A Question re Neon Advertising Signs.

I have often seen 1n shop windows a neo
tube of circular shape in which the luminou
discharge appears to revolve in wave-fors
manner. Whilst being acquainted with tk
Sfundamental facts of neon tube lighting, s
far I have been unable to account for th
real or apparent motion. I should !
greatly obliged if you can answer ik
problem.

J. CrancEY (Southampton).

These tubes
““ wriggle ”’ tubes.

Instead of being filled with a pure ga
they contain a small proportion of anoth
gas which has a higher electrical resistanc

The discharge takes place through tl
pure gas only, avoiding the other as muc
as possible. In doing so, it meets a certa:
amount of opposition, and so takes on tl
wriggling motion.

are commonly calle

W. CrappLE (Cork).

END OF

voL. Il
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A.C. TEsTS, instrument, switch-
board for making, 74
Accumulator stands, 451
Accumulators—
aircraft, 227
celluloid, frothing of, 94
connecting, 452
L.T., charging circuit for, 352
““Acklam Cross,” electric pro-
pulsion on, 167, 532
Aerial, using electric mains as,
250
Aircraft—
electrical apparatus for, 223
engines, electric starting of,
226
generators, 223
‘“ homing ** wireless beacon,

navigation lamps, 225

Alternator design, utilisation
of space in, 329

Alternator, petrol engine
driven, 37

Amalgam solder, wuseful cold,
215

Ammeter, inserting ip 3-phase
motor circuit without stop-
ping motor, 321

Ammeters, connecting, on A.C.,
276

Amplifier,
271

Amplifiers, neutralised, 220

Amplifying equipment, sound,
installation of, 61

Anaesthetic, electricity as an,
208

Anestygun, 211

Arc lamps, regulations for, 116

Arc welding, electric, practice,
527

Arcing horns and rings, 454

Armature—
drying out, 457
faults, 403
ring, 543
slotted drum, 543
testing, 248, 453
withdrawing, 260, 453

Armatures—

D.C,, testing, 362

sound projection,

Armatures.—Contd.
earthed and short circuited,
155
motor, small, winding, 542
Autoflex traffic control system,
199
Automobile, constant voltage
control regulator, 168
Auto-transformer—
faults, 215
starter, connections, 104
starting, 314
Auto-valve lightning arrester,
488

BaIrp television system, 49
Battery charger—
electrolytic, 232, 326
3-amp., for A.C., 439
Batteries, dry, wax for, 194
Bayonet cap acaptors, loose,458
Bell, single stroke, 414
Booster voltage control, 59
Bridge for measuring induct-
ances, 33
British Industries Fair, 236,
328
Brushes—
care ot, 405
sparking at, 155
B.T.H. progress, 235
Buchholz protective device, 424
Buttonhole microphone, 150

CABLE—

calculator, rapid, 279

erection, 321

Manufacturers’ Assoc., re-
gistered classification, 159

measuring, 321

racking, 321

Cables—

choice of, for wiring, 163

classification of, 159

C.M A. (Regd), 160

lead-covered, 166

motor, size of, 263

‘“ Nonazo,” 160

rubber-covered, 166

taped and braided, 166

tough rubber-sheathed, 166

used 1n wiring, 159

“ Vicma,” 160

‘“ Vinazo,” 160

383

II

Cables.—Contd.

V.IR, grades of, 160
Calibration of instruments, 459
Calomic resistance alloy, 427
Carbon arc, 527
Cathode, heat shielded, 5
Cathode Ray

television svstem, 52

tube, 52, 335
Ceiling, finding the centre, 413
Charger, trickle, for model

railway, 186
Charging circuit for L..T. accu-~

mulators, 352
Choke coil lightning arresters,

486
Circuit breaker—

contacts, maintenance of, 284

high speed, 172
Circuit—

breakers, inspection of, 284

finder, improvised, 249
Circuits, testing electrical, 242
Class B valve uses of, 157
Clutches, electro-magnetic, 506
C.M.A. (Regd.) cables, 160
Commutator—

faults, 156, 404

testing, 454
Condenser—

effect of connecting, in A C.

circuit, 443

rating, determination of, 444
Condensers,—

static, connections of, 445

static, construction of, 445
Conductors to motor, size of,

103
Conduit—

continuity of, testing, 384

fixing on outside walls, 366

running and fixing, 309

runs in reinforced concrete,

429
screwing, cutting and bend-
ing, 308

threading wiring in, 294, 310

tools for installing, 289
Contactors, care of, 408
Contactor—

control, equipments, A.C.,

care of, 407

springs, weak, 408
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Continuity—
of conduit testing, 384
of metal sheathing, testing,
124
Contractors’ Association, ninth
conference, 549
Control—
gear for power purposes, 83
remote, of substations, 431
Cooker—
circuit, 20
control, 2o
pilot lamp problem, 510
Cooke’s cutters, 294
Cooking appliances, control of
regulations for, 119
Copper bullion, refinery, con-
struction of, 494
Cosmic rays, 198
Country house generating
plant, installing, 449
Croydon,  Homing > beacon,

375
Crystal oscillators, 220
Current—
consumption of domestic ap-
pliances (Table}, 241
limiting resistance, 324

DETECTOR circuits, using West-
ector in, 125
Distribution boards—
house, 17
inspecting, 490
marking, 478
Distribution—
gear for power purposes, 38
high wvoltage, metal-clad
switchgear for, 520
low-tension, voltage regula-
tion in, 59
power, scheme for factory,

system—
cost of, 196
house, planning, I5
Domestic appliances—
current consumption of
(Table), 241
testing, 247 -
Door opener—
automatic, 419
garage, electrically operated,

11
Dougle diode-triode valve, uses
of, 158
Drives—
aligning, 473
belt, 471
chain, 472
direct couplel, 473
gear, 473
rope, 472
Dynamo—
design, utilisation of space
in, 97
fields, protect.on for, 361
plant, installing, 450
water turbo, 398

INDEX TO

Dynamo.—Contd.
50-volt, reconnecting, 464
EARTHING—
clips, 68
leads, 67
metal-sheathed wiring, 155
motor frame, 477
regulations, 67
single phase transforunier, 418
terminals, 68
Ebonite panels, filling holes in,
249
Electric eye television system,
55
Electricity supply, costs of, 195
Electro-deposition of nickel
and chromium, 512
Electrolethaler humane killer,
210
Electrolytic—
battery charger, 232, 326
lightning arresters, 487
Electro-magnetic—
clutches, 506
vibrating screens for A.C.
supply, 264
Electro-magnets, safety device
for, 361
Eton College floodlighting, 44
Evershed & Vignoles, visit to
works, 406
Explosion pot fuse, 541

VOL, 1I

FAcTORY—
lighting with gas discharge
lamps, 465
power distribution scheme,
88
Fescol process, 512
Fibre rod, hard, turning, 194
Field coils, winding, 457
Field magnet windings,
earthed, 156
Fittings—
construction of, 69
portable, regulations for, 71
Flashing sign switch, 170, 551
Flashing sign switch, electro-
magnetic, 216
Flexible cord, maximum carry-
ing weight of, 70
Floodlight—
enamelling outside of, 138
landing, aircraft, 226
Floodlighting—
applications of, 137
Eton College, 44
Frequency—
booster, 352
changers, 351
changing over, 343
doublers, 220
standardisation of, 343
Furnace—
electric,
of, 396
electric, small operating, 398
Fuseboard, 518

small construction

Fuse hint, 249
Fused plugs, 20
Fuses—
behaviour of, 366
faults in, 153
for high voltages, 540
for motor capacity of, 103
for protecting small A C.
motors, 414
radio relay line, 184
vaseline for, 250

GARAGE door opener, electri-
cally operated, 511

Gas discharge lamp—
Mazda Mercra, 3
Sodium vapour, 5
Gas discharge lamps, industrial
lighting with, 465
G.E C. progress, 236
Generating  plant,
house, installing, 449
Generating set, private, 233
Generation, electricity, costs,
195
Generator—
air driven, 223
calculations, 550
Greyhound racing tracks, legal
points on, 371

country

HAIRDRESSING establishment,
luminous signalling for, 365
Hartley oscillator, 219

Heating-—
appliances—
control of, regulations for,
119
installatior of in laundries,
428
buildings, by heat wiring
system, 466

circuits, house, 18
element, Torribar, 38
elements, rewinding, 489
Heaters, immersion, installa-
tion of, 389
Horn gap fuse, 540
Horn lightning arresters, 486

Hospital signalling systems,
111
Hotel switchboard, Neophone,

143
Hot-point Torribar immersion
heater, 389

House—
distribution system, plan-
ning, 15
wiring, 366
wiring extensions, 306
Humanekilling with electricity
208

IcoNOsCOPE television system,

55

Tgranic buttonhole microphone,
150

Tllumination—
measuring, 6



Ilumination—Contd.

meter, Weston, 6
minimum, 10

Immersion heaters, installation
of, 389

Incubators, and brooders, elec-
tric plant for, 93

Inductances, measuring, bridge
for, 33

Induction regulator —
operation, 499
use of, 59

Installation, additions to, regu-
lations for making, 124
designing, 515

Installations, testing, regula-
tions for, 121

Instrument switchboard for
making A.C. tests, 74

Instruments, calibration of, 459

Insulation resistance—
measuring, of installation,
122
wiring measaring, 333
Insulation, wiring, testing, 383
Insulators, breakdown of, 483
Iwel humane killer, 211

JuncrioN box, wiring, 319

KanGo electric hammer, 293
Kaplan turbine, 138

Lamp—

gas discharge, Mazda Mercra,
3
light spray, 5z
Mazda Mercra, 3
prices, 48
scophony, 52
traffic, control, 204
Lampholder adaptors, regula-
tions for, 72
Lamps—
aircraft navigation, 225
coiled-coil filament, 465
measuring illumination of, &
Osira, 465
pneumatic electric, 40
regulations for, 115
sodium vapour, 5
Lap winding, 455
Laundries, installation of heat-
ing appliances in, 428
Lifting magnets, 177, 279
Light spray lamp, 52
Lighting—
circuits, house, 17
dog track, 136
for fiery mines, 40
house, minjature circuit
breaker for, 139
industrial, with gas
charge lamps, 465
installations, faultsin, 152
plant, 50-volt, 369
pneumatic electric, 40
wiring for, 306

dis-
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Lightning arresters—
arcing horns and rings, 484
auto-valve, 488
choke coils, 486
electrolytic, 487
horn, 486
oxide film, 487
thyrite, 487
Lightning—
character ot, 483
protection for transmission
iines, 483
Liquid fuse, 541
Liquid rotor startor, 318
ILive wire, finding, on DZC.
circuit, 139
Local supply Aunthority, powers
of, 368
Luminous signalling—
for hairdressers, 365
systems, 107
systems, supply for, 113

MAGNETIC—
apparatus, controlling, 300
clutches, 506
materials, testing, 502
pulleys, controllers for, 300
separation, 129
separators, controllers for,
300
Magnets, lifting, 177, 279
Master oscillator system, 220
Mazda Mercra lamp, 3
Mazda thyratron valve, 14
Megger circuit testing ohm-
meter, 242
Mercury arc rectifiers—
automatic operation of, 498
glass bulb, starting and
paralleling of, 498
protective devices for, 500
steel tank, starting and
paralleling of, 500
Mercurv—
cup switches, 250
vapour lamp, 3
Metadvne, 278
Metallic arc, 527
Meter—
illumination, Weston, 6
rent, legal aspect, 511
Metering, two-part tariff pre-
pavment, 4711
Meters, connecting, on A.C,,
276
Microphone, buttonhole, 150
Micro telephone, 147
Midworth distant repeater con-
trol, 432
Mines, fierv, lighting for, 40
Model railway, trickle charger
for, 130, 186
Modulation systems, 221
Motor-
A.C, converting for D.C.,
415

v

| Motor—Contd i

armatures, small, winding,
542 .

D.C., making connections to,
334

drawing pulley off shaft, 258

drives, 471

drives, aligning, 473

for petrol electric vehicle, 418

foundation, strengthening,

257 .
frame, earthing, 477
induction, three phase, fault
con-itions in, 323 )
induction, { hp. squirrel
cage, making a, 2I
pulley, lining up, 259
small lap wound, rewindirg,
453
small, windings for, 186
wiring up, 321
#% h.p., winding for, 359
hp, converting to A.C.
working. 370 ]
1 h p. single phase induction,
windings for, 415
220-volt D.C., rewinding, 322
Motors—
A.C, mechanical faults, 215
control of, regulationsfor, 117
D.C., installing, 251
D.C., operation of, 252
distribution and control gear,
88
drying out, 469
fixing to wall, 258
induction—
faults in running of, 213
installing, 102, 467
location of, 102
measuring slip of, 458
operation of, 103
reversing rotation of, 478
starting, 104
starting troubles, 212
starting up, 477
testing, 458
three phase, direction of
rotation of, 228
three phase, startors for,
314, 417 | .
moving to running position,
256
position of regulations for,
117
preventing vibration of, 257
reversing direction of rota-
tion, 399
single phase, current taken
by, 400
ship ring, starting, 316
squirrel cage, starting, 314
starting up, 264
suspending from ceiling, 258
synchronous, armature
troubles, 215
synchronous—
field troubles of, 214

e

starting faults, 214
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Motors-—Conid.

unloading from lorry, 254
wiring to, 262
wiring up, 476

Mumetal high permeability
alley, 388

Mysore, hydro-electric develop-
ment, 149

NEeon
lamp safety device for
electro-magnets, 361
sign installations, 296
tube timer circuits, zo0
““ Neon Tube Practice” (re-
view), 128
Neophone—
hotel switchboard, 143
instruments, 147
Nickel plate adhesion, 249
Noise in electrical machinery,
methods of detecting, 353
““ Nonazo ’ cables, 160

OFFICE signalling, systems, 107
Qil—
conservators, 422
filters, 425
maintenance,
424
seals, 422
sludge in, 423
Oscillators—
crystal, 220
Hartley, 219
master, 220
push pull, 219
Osira lamps, 465
Ocxide film lightning arresters,
487

transformer,

PaTRrASSES, fixing, 310
Pendants, flexible, faulty, 154
Pentagrid valve, uses of, 158
Pentode H.F. valve, uses of,
158
Petrol electric vehicle, motor
for, 418
Phasesof A.C., how to tell, 371
Photo-electric cell—-
door opening equipment, 419
photronic, 265
Photronic cell, 265
Plugging wall, 413
Plugs and sockets, regulations,
for, 73
Plugs, fused, 20
Pneumatic electric lighting, 40
Porous pots, renovating, 366
Power—
circuits, house, 18
factor, average, method of
obtaining, 505
factor, improvement—
of 441
economic limit of, 445
saving effected by, 448
schemes, 446
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Power.—Contd.
factors, a question about, 280
installations, faults in, 153
plugs, wiring for, 311
purposes, distribution and

control gear for, 88

supply, costs of, 197

Private generating—
plant, installing, 449
set, 233

Projector lamp transformer,
1,000-watt, 342

Propulsion, ship—
electric, 167
equipments, D.C. 532

Protection of mercury arc
rectifiers, 500

Pump, electrified, 106

Push lamp signalling system,
108

Push-pull oscillators, 219

QUIESCENT push-pull systems,
uses of, 157

RADIATOR bars, rewinding, 489
Radiators, installing, 413
Radio—
“Homing ”’ beacon for air-
craft, 375
receiver servicing with Wes-
ton analyser, 189
receivers, testing, 247
telay line fuses, 134
relay lines—
erecting, 131
fault location on, 180
relay—
station, design and opera-
tion of, 81
through electric mains,
466
short wave, transmission and
reception, 219
metal, 410
Range transmitter receiver, 325
Rectifiers, mercury arc—
automatic operation of, 498
glass bulb, starting and
paralleling of, 408
steel tank, starting and
paralleling of, 500
Refrigeration at Singapore, 171
Refrigerator power point, 19
Regulations—
earthing, 67
for—
control of heating and
cooking appliances, 119
control of motors, 117
fitting of domestic appli-
ances, 6g
lamps, 115
making additions to in-
stallations, 124
posttion of motors, 117
testing complete installa-
tions, 121

Relay—

notching—
construction of, 409
operation of, 409
reverse current, construction
and action of, 45
Relays—
current limit, 409
notching, care of, 410
Remote control of substations,
431
Resistance,
324
Reverse current—
meaning of, 45
current relay, construction
and action of, 45
Rhometal, 405
Roofs, wiring in, 153
Rotary converters, care of, 401
Rotor—
checking for balance, 28
startor, faceplate, 317

current limiting,

SAFEWAY adaptor, 295
Scophony—
lamp, 52
television system, 52
Scott system of transformer
connections, 492
Screened-grid valve, adding to
2-valve set, 326
Scruit connectors, 319
Shade ring tool, 295
Sherwen screen, 264
Ship propulsion—
electric, 167
equipments, D.C., 532
Ship supply, A.C. or D.C., 234
Short wave transmission and
reception, 219
Short waves for television, 56
Sign switch—
Hashing, 170
flashing electro-magnetic,216
Signalling—
luminous,
365
systems—
hospital, 111
luminous, 107
luminous, supply for, 113
office, 107
push lamp, 108

Silver refinery, construction of,
302
Single—
diode tetrode valve, uses of,
158
phase from three-phase sup-
ply, obtaining, 491
Six-foot rule, the 71
Slide rails, arrangement of, 414
Sodium vapour lamp, 5
Solder, amalgam, useful cold,
215
Soldering nickel parts, 194

for hairdressers,
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Sound-—
amplying equipment, instal-
lation of, 61
projector—
installation and adjust-
ment of small, 268
systems, 270
Sparking at motor brushes, 155
Splitter, use of, 17
Star-delta starting, 314
Starter, motor, faults, 156
Startor—
rotor, faceplate, 317
rotor, liquid, 318
for three-thase
motors, 314, 417
Starting—
auto-transformer, 314
star delta, 314
Stator, winding, 29
Switch—
lampholders, regulations for,
72
for small currents, 300
sign, flashing, 170
Switchboard—
fixing, 451
Neophone hotel, 143
Switchboxes for aircraft, 226
Switches—
main, 17
mercury cup, 250
Switchgear—
ironclad, earthing, 155
metal-clad—
operation and mainte-
nance of, 283
high voltage distribution,
520
S.V.D., 169
Substations,
of, 431
Super-heterodyne short wave
receiver, 222
Super-regenerative short wave
receiver circuit, 222
Synchronising. turbo-alterna-
tors, 12

induction

remote control

TaLxinGg film projector, in-
stallation and adjustment,
268
Tap wrenches, 290
Tariffs for electrical energy, 195
Telephone —
circuits, testing resistance of,
248
line, equipment for, 510
micro, 147
receiver, semi-inset, 148

switchboard, hotel Neo-
phone, 143
system, automatic, inter-

communication, 298
systems, central battery, 143
transmitter, immersed elec-

trode, 147

Telephony, «ide tone in, elim-
inating, 748
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Television—
progress of, 49
short waves for, 56
systems—
Baird, 49
cathode ray, 52
disc, 49
electric eye, 55
Iconoscope, 55
mirror drum, 51
Scophony, 52
velocity modulation cath-
ode ray, 281, 335
Televisor, bush radio, 49
Testing completed wiring in-
stallation, 383
Thermostat, immersion heater,
391
Thyrite lightning arresters, 487
Thyratron valve, 14

Tools—
electrically driven, trouble
with, 370
for electrical installation

work, 289
Torribar heating element, 38
Traffic control system, auto-
flex, 199
Transformer—
cooling, alarms on appar-
atus, 423
cores, material for, 410
earthing single phase, 418
factory, B.T.H., 230
insulation, drying out, 425
oil maintenance, 424
protective devices, 424
safe load indicators, 422
secondary voltage, calculat-
ing, 46.
tappings, changing, 58
winding temperature indica-
tor, 422
400-watt
479
1,000-watt step down, 342
Transformers—
instrument, connecting, on
A.C, 276
lightning protection of, 485
mains, noisy, curing, 229
power—
installation of, 427
maintenance of, 421
operation of, 427
Transmission—
cost of, 196
high-voltage, voltage regula-
tion in, 57
lines, lightning protection
for, 483
medium voltage, voltage reg-
ulation in, 59
Trickle charger for model rail-
way, 139, 186
Tube—
bending, 291
erecting, 293
inserting wire in, 294

projector lamp,

Tube.—Contd,
removing burrs from inside,
291
vices, 290
Tubing—
steel, tools for cutting, 289
threading, 290
Tuning coils for new wave
lengths, 324
Turbo-alternator, air, 41
Turbo-alternators, synchronis-
ing, 12

VALVE—
class B, uses of, 157
double diode triode, 114
double diode triode, uses of,
158
H.F. pentode, uses of, 158
pentagrid, uses of, 158
single diode tetrode, use of,
158
systems, quiescent push-pull,
uses of, 157
testing with Weston
analyser, 189
Thyratron, 14
variable-mu, uses of, 157
Valves—
short
221
universal, 412
Variable-mu valve, uses of, 157
““ Vicma " cables, 160
‘“Vinazo ”’ cables, 160
Voltage—
control regulator, constant
voltage system, 168
regulation in high-voltage
transmission, 58
regulation in low-tension dis-
tribution, 59
regulation in medium volt-
age transmission, 59
variation in supply, limits

wave, transmitting,

of, 57
Voltmeters, connecting, on
AC, 276
Vulcanised india rubber

cables, grades of, 159

WASHING machines,
points for, 420
Water, hot tank, lagging, 395
Wax for dry batteries, 194
Welding—
electric arc, practice, 527
using motor generating set
for, 279
Westector, 125
‘Weston radio set analyser, 189
Wimbledon supply undertak-
ings experiment, 237, 281,
288, 327
Winding—-
field coils, 457
lap, 455
small motor armatures, 543
stator, 29

selling
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Windings—
field magnet, earthed, 156
for small motor, 186
for a ;%5 h.p. motor, 359
lap, 544 )
motor, removing, 454
wave, 545
Wire stripper, 289
Wires, easy identification of,
. A3
Wiring—
awkward fitting, 414
cables used in, 159
distribution—
house planning, 15
planning the, 515
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Wiring.~—Contd.

‘“ earthed,” on lighting and
power circuits, 154

for lighting, 306

for power plugs, 311

house, 366

house, extensions, 306

immersion heater installa-
tion, 395

in roofs, 153

installation—
designing a, 515
calculating load on, 517
testing, 248
testing completed, 383

joining, 319

Wiring.—Installation.—Conisd.
junction box, 319
metal sheathed, earthing of,
155
points—
layout of, 100
making schedule of, 516
threading into conduit, 294,
310
to motors and switchgear,
262
tools for, 289
up domestic appliances, 250
up motor, 321
Wylex junction box, wiring,
319
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