No. 188

The Institution of Post Office Electrical Engineers.

Power Supplies for Telegraphs

G. N. DAVISON, Bsc. (Eng), D.L.C., AM.LEE.

A Paper read before the London Centre of the Institution on the 4th June, 1945




No. 188

The Institution of Post Office Electrical Engineers

Power Supplies for Telegraphs

G. N. DAVISON, Bsc. (Eng), D.I.C., AM.LEE.

A Paper read before the London Centre of the Institution on the 4th June, 1945



SUMMARY.

INTRODUCTION.

EQUIPMENT REQUIRING POWER
SUPPLIES.

THE NATURE OF THE POWER SUPPLIES
REQUIRED.

3.1 Public Service Instrument Rooms.

3.2 Public Service Teleprinter Switchboards and
Teleprinter Ancillary Equipments.

3.3 Multi-channel V.F. Telegraph Terminals.

3.4 Terminal equipments for Tariff ‘“ A ’¢
Private Wires.

3.5 Renters’ Installations.

HOW THE POWER SUPPLIES ARE PRO-
VIDED.

4.1 The small all-mains Teleprinter Office.

4.2 The use of Westat 80 + 80V rectifiers on
an all-mains basis. .

4.3 80 + 80v Floating Battery Installations.

4.4 TFloating Battery supplies for Phonogram
and Telephone-Telegram Equipment.

4.5 6-Volt Supplies for Teleprinter Switchboard
Lamps.

4.6 Power Supplies for Multi-channel V.F.
Telegraph Equipment.

ACKNOWLEDGEMENTS.
BIBLIOGRAPHY.

APPENDIX 1. A brief description of the Principle
of the Westat Rectifier.

APPENDIX 1I. A brief description of the Principle
of the Ferranti Moving-Coil Regulator.



Power Supplies for Telegraphs

INTRODUCTION.

The story of the solid achievements of the last
twenty years in the development of telegraph trans-
mission and mechanisation has been told elsewhere.
Suffice it here to say that, not twenty years ago,
practically all landline telegraph transmission in this
country was by direct current signalling, with power
supplies at + 40V, + 80V and + 120V, according to
the length and type of circuit. The very small office
was equipped with primary batteries, or worked to
its parent office on a central battery basis. The large
office was provided with a so-called °‘ universal
battery "’ installation, giving line power supplies at
all the above voltages, together with a local supply
at + 24V, and operating on a charge-discharge basis.
The types of telegraph instrument in use were many
and varied and each required its own special handling
by skilled operators.

The technique of telegraphy has undergone such a
complete change in less than a generation, that little
of the equipment which is now commonplace would
have been familiar to an operative of twenty years
ago. The main-line portion of a long circuit now
consists, in general, of one or more channels in multi-
channel voice frequency systems, with its standard
terminal instrument the teleprinter. The only
important exception is the Tariff *“ A *’ type of long
private wire, which is sometimes set up on a by-
product circuit and which then employs direct current
signalling, as also do short teleprinter circuits and the
local ends of voice frequency circuits. On the more
lightly loaded short links in the public system the
messages are sent by telephone instead of by tele-
printer. .

In addition to these changes in technique there ha
taken place, in the war years, a phenomenal increase
in the scale of provision of teleprinter circuits to
supply the needs of the Defence Teleprinter Network.
(D.T.N.).

All this has not happened without attendant changes
in power supply requirements, and this paper has
been written with a view to presenting some of the
facts concerning modern telegraph power plant for
public and private services in this country.

2. EQUIPMENT REQUIRING POWER
SUPPLIES.

Notwithstanding the broad standardisation of
methods referred to above, there are, of course,
several types of installation with varying needs to be
considered. These are briefly the following:—

2.1. Public service instrument rooms with tele-
printer, phonogram, telephone-telegram and
printergram equipment.

2.2. Teleprinter switchboard and teleprinter
ancillary installations for the public service.

2.8. Multi-channel V.F. telegraph terminals.

2.4. Terminal equipments for Tariff ‘“ A”" by-
product private wires.

2.5. Teleprinter and teleprinter switchboard
installations for the D.T.N. and for com-
mercial renters.

A future development will be the supply of power
to automatic equipment for a public service teleprinter
automatic switching network.

3. THE NATURE OF THE POWER
SUPPLIES REQUIRED.

The following is a statement of the power supply
needs of the various types of equipment listed above.
The ways in which these supplies are provided will
be described in later sections, except where, on
account of their slight interest, they can be disposed
of shortly here.

3.1. Public Service Instrument Rooms.

3.1.1. Teleprinters.

A supply at a nominal + 80V, which has come to
be known as the ‘‘ eighty plus eighty volt *’ supply,
is always required for signalling. This is standard.
It may be thought that + 80V is an unnecessarily
high voltage for D.C. signalling over the compara-
tively short underground circuits now worked in this
way. Actually, research showed that if relay recep-
tion were to be dispensed with on the shorter
teleprinter circuits and extensions, and the teleprinter
electro-magnet connected direct to line, then trans-
mission at + 60V resulted in materially better
reception than did transmission at any lower voltage.
The reason is that the teleprinter electro-magnet
armature, unlike that of a relay, has to perform an
appreciable amount of work, the energy for which
is not adequately provided by a low voltige supply.
The experiments showed that there appeared to be no
advantage in increasing the supply voltage beyond
+ 60V and, since every increase brings greater risk
of interference between circuits, the nearest of the
then existing universal supplies above + 60V,
namely + 80V, was chosen as the new standard.

The teleprinter motors need a D.C. supply, which
may be derived from D.C. mains, from a rectified
A.C. mains supply.or from the 80 + 80V supply when
this is a battery supply of sufficient capacity.

It is at present standard practice to operate an
installation on an all-mains basis when it comprises
less than eight working teleprinters, and to provide
batteries at offices with eight or more teleprinters,
and a programme for the installation of floating
battery plants at all offices with the above qualifica-
tions is now nearing completion. The battery reserve
is normally made sufficient to drive half the full
complement of teleprinters for 24 hours, but it may
be slightly more than this at a few highly important
offices and it may be less where standby engine set
facilities exist. The Teleprinter No. 3 takes on the
average a current of approximately 0.3A from an
80 + 80V supply.
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3.1.2. Phonogram and Telephone-Telegram Equip-
ment.

The phonogram and telephone-telegram services
are essentially telephone services and, in order to
make the maximum use of existing power supplies,
the equipment can be arranged to work from 22/24V,
40V, 50V or 60V battery supplies. Frequently the
supply can be obtained from an exchange battery in
the same building, but when a special power installa-
tion has to be provided, the batteries are normally
24V and designed for 24 hours reserve. On many
installations a single stage valve amplifier is associated
with each operator’s position equipment; it derives
its filament current from the supply already men-
tioned, while the anode supply can be taken from any
convenient battery between 100V and 150V or even
from the + 80V telegraph battery.

Looking ahead, it is probable that at all large
offices provision will be made for an automatic dis-
tribution system for incoming phonograms and
telephone-telegrams. The equipment for such a
system would be standardised for 50V operation.

3.1.3. Printergrams. -

The requirements for printergrams are firstly a
teleprinter motor D.C. supply as already described,
secondly an A.C. or D.C. supply for the V.F. tele-
graph converter, and thirdly a —80V relay supply.

An ordinary telephone speech circuit is used in the
printergram service, and the V.F. converter has a
function to perform both in the sending and in the
receiving of messages. Thus it generates the 1500 c/s
carrier tone which the teleprinter signals modulate
during transmission, and converts the modulations
of the tone incoming from line to the D.C. signals
required for the operation of the teleprinter, during
reception.

Two types of V.F. converter are available, one
suitable for A.C. mains supplies and the other for
D.C. mains, each type including its own power pack.
By using the D.C. type of V.F. converter, the whole
equipment can be supplied from an 80 + 80V battery
supply, and thus given freedom from interruptions
due to mains failure.

3.2. Public Service Teleprinter Switchboards
and Teleprinter Ancillary Equipments.

Teleprinter intercommunication switchboards, which
have been installed at Birmingham, Leeds, Manchester
and Bristol, require an 80 + 80V supply with battery
reserve, to cover all requirements save that of the
switchboard lamps. For the latter a 6V supply is
necessary, and this also requires reserve against
possible mains failures.

The teleprinter ancillary switchboard, which is a
terminating switchboard for concentrating lightly-
loaded circuits, requires the usual 80 + 80V supply,
and, again, a 6V supply, which may be either A.C.
or D.C.

3.3. Multi-Channel V.F. Telegraph Terminals.

There are two standard types of M.C.V.F. telegraph
equipment, a four-channel equipment for minor routes
and a main-line eighteen-channel equipment.
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3.8.1. Power Supplies for the Four-channel Equip-
ment.

The four-channel type of equipment has not, as yet,
been used on a large scale for the provision of public
service telegraph circuits, but it has been in very
considerable demand for the D.T. Network. The
out-station terminal of the four-channel system works
on an all-mains basis from single phase 50 c¢/s A.C.
at 200/250V or 100/125V, the load being approxi-
mately 0.5 kVA. The only standby against mains
failure is normally a mobile engine-alternator, but,
in one or two exceptional installations, a standby
motor-alternator has been provided, to be run from
an existing battery.

In the rare installations at which the mains supply
is D.C., duplicate motor-alternators or rotary con-
verters are provided, and, as the stations are usually
unattended, automatic restarting after mains failure
is necessary.

As the in-station end is installed in a main station,
it utilises the same battery supplies as are required
for 18-channel equipment.

3.8.2. Power Supplies for the 18-channel Equipment.

The 18-channel type systems form the backbone of
the public service long-distance network and are also
used on a very large scale for the D.T. Network
and for other rented circuits. Both ends of these
systems are normally situated in offices with battery
supplies ; exceptions to this rule have only rarely been
made in permanent stations, but batteries are, of
course, dispensed with when this equipment is
installed in mobile vans. The supplies required are
the filament, anode and signalling supplies, which
have come to be known respectively as the LT, HT
and ‘“ 80 plus 80 volt ’ supplies. The LT and HT
supplies have mean values of approximately 21.5V
and 130V respectively, measured at the input to the
equipment. The great majority of terminals have
floating battery plant, details of which are described
later in this paper. Some of the older stations have
not been brought up to date in this respect, but it is
planned to complete the conversion to full float work-
ing during 1945 /6.

3.4. Terminal Equipments for Tariff «“A”’
Private Wires.

The main line portion of Tariff ““ A *’ circuits, as
originally conceived, consists of a phantom or double-
phantom by-product channel. The steady signalling
current on the main line is limited to 10 mA and the
signalling voltage is + 20V, although the original
intention was to employ + 40V, such as is used
on the local end between the terminal and the
home renter. The + 20V and + 40V batteries were
originally installed on a charge-discharge basis, and
the negative battery cells were made the larger, to
cater for the greater daily drain on them. Whenever
a standard 80 + 80V supply becomes available in a
building housing a Tariff *“ A *’ terminal, opportunity
is being taken to recover the ‘“local ”’ 40 + 40V
batteries, and to make the simple conversion of the
local ends to 80 + 80V signalling. The 20 + 20V
supplies for the main line signalling have perforce to
be retained, but these are being converted to single



battery float working at the same time as 80 + 80V
is introduced for the local supply. The loads are
very small and the 20 + 20V rectifiers for floating
have no special regulating devices.

When a Tariff ““ A’’ circuit is routed on a V.F.
channel, the Tariff *“ A *’ terminal equipment requires
only the standard 80 + 80V supply.

3.5. Renters’ Installations.

A renter’s installation may be anything from a
single teleprinter at a business house to a large D.T.N.
installation comprising a multiple type teleprinter
switchboard of up to 24 positions, and perhaps up-
wards of 200 teleprinters. Most D.T.N. installations
also include M.C.V.F. telegraph equipment and audio
equipment.

3.5.1. Simple Installations for Tariff * A, Tariff
“D " and D.T.N. Private Wires and for Telex
Subscribers.

Installations of this type do not require power plant
in the usually accepted sense, as the teleprinters are
operated as units on an all-mains basis.

The standard Tariff ““ A’ private wire installation
for a by-product circuit requires a D.C. supply for the
teleprinter motor and nothing more. If the mains
supply is A.C. a rectifier is provided as part of the
unit table equipment to supply the motor power.
The transmission is normally on a single-current
central battery basis, and only if the local line is
exceptionally long (of the order of 10 miles), or if the
circuit as a whole lacks adequate margin, does it
become necessary to install either a rectifier or a
rotary converter at the renter’s premises, to provide
80 + 80V signalling power and so enable double-
current transmission to be employed.

An 80 + 80V supply is also required for Tariff
‘“ A’ terminations of M.C.V.F. circuits and for all
D.T.N. terminations. The latter type, in which the
local record during transmission is taken from the
send-receive switch of the teleprinter, can also be
regarded as the modern tendency for Tariff * A ™
development.

For a Tariff ““D”" or Telex teleprinter installation,
the arrangements for the teleprinter motor are the
same as those for a Tariff “ A’ or D.T. teleprinter,
but the transmission is required to be an alternative
to speech and, as already described for printergrams,
consists of a modulated 1500 c¢/s tone. A V.F.
Telegraph Converter is therefore required, of either
the D.C. mains or the A.C. mains type.

3.5.2. Larger Teleprinter Installations.

Where there are five or more teleprinters in a
renter’s office or D.T.N. station which has an A.C.
mains supply, it becomes economical and convenient
to supply all the motor (160V) and signalling require-
ments from a common rectifier. Such a unit is the
““ Westat ” 80 + 80V rectifier, which will be dealt
with more fully in later sections. When it is con-
sidered essential for the sake of security to have the
common rectifier in duplicate, then the economical
limit becomes approximately 10 teleprinters as a
minimum. The Teleprinter No. 7B takes a current
of approximately 0.4A from an 80 + 80V supply.

Output  voltage.

8.5.8. Switchboard Installations.

Switchboard installations for renters’ (notably
D.T.N.) use were fully described last session in a
paper read before this Institution by Messrs. Martin
and Freebody.! One of the smallest types of switch-
board requires only 80 + 80V power, but all the
others require, in addition, a 6V lamp supply. The
smaller installations are commonly supplied with
power on an all-mains basis, while for the larger
switchboards floating battery supplies are the rule.
Further details will be found elsewhere in this paper.

4. HOW THE POWER SUPPLIES ARE
PROVIDED.

It is now proposed to describe the types of plant
which are installed to provide the supplies detailed in
the last section.

4.1. The small ali-mains Teleprinter Office.

In a public service instrument room with less than
eight teleprinters operated on an all-mains basis, each
teleprinter position is separately equipped to derive
its own supplies from the mains.

Except when there is a D.C. mains supply for the
teleprinter motors, a separate rectifier (Rectifier No.
43A) is provided for each teleprinter. This is a
simple bridge-connected selenium rectifier (a simplified
schematic of which is shown in Fig. 1) with an output
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Fi1c. 1.—CoMPARATIVE VOLTAGE REGULATION CURVES FOR
CoPPER OXIDE AND SELENIUM TYPE RECTIFIERS.

approximately 0.65A at 110V D.C., and suitable for
rectifying any 50 ¢/s 100/110V or 200/250V A.C.
supply. The selenium elements give it much closer
voltage regulation with varying load than was obtain-
able with its forerunner fitted with copper oxide
elements, namely, the Rectifier No. 22A or 22C. As

1 This paper will be issued as an I.P.O.E.E. Paper in the
near future.
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the teleprinter motor sometimes has to start against
a torque some five times as great as the average
running torque, the value attaching to close voltage
regulation in the rectifier, which results in higher
starting current and torque, is apparent.

Fig. 1 clearly demonstrates the superiority of the
selenium rectifier in this respect. The two rectifiers
were adjusted to deliver approximately the power
required by a No. 7B teleprinter motor operating at
110V. Then, without further adjustment, the rectified
voltage was recorded at no-load and at a load of 2.5A
which approximates to the starting current of the
motor.

Each teleprinter is also provided with its own
source of 80 + 80V signalling power. At offices with

A.C. mains a rectifier (Rectifier No. 26B) is employed. ~

This is a copper oxide rectifier operating on the
voltage-doubler principle and suitable for 100/110V,
and 200/250V, 50 c/s A.C. supplies. Some of these
rectifiers have been fitted with selenium elements for
tropical work, and it is probable that the use of such
elements may be made standard. However, for use
in this country there would be no special gain such as
accrues from the use of selenium elements in the
Rectifier No. 43A. The + 80V D.C. supplies with
respect to earth, required for line transmission, are
obtained from a condensered potential divider form-
ing part of the rectifier and which has its centre point
earthed ; when a relay local supply is also required,
a separate potentiometer unit is added (known as
Unit A.A. T.G. 4505), which, of course, has its centre
point not earthed in order to avoid interference.

If the mains supply is D.C. the 80 + 80V signal-
ling power is obtained from a small rotary converter
(Rotary Converter No. 4). It is a very small
machine, enclosed and flexibly mounted in a metal
case for silence., The potential divider for deriving
the + 80V line supplies from the 160V output of the
machine is incorporated in a separate unit (known as
Unit A.A. TG. 1020). The local supply which is
required for a relayed circuit is obtained from the
D.C. mains supply.

The arrangements at renters and D.T.N. installa-
tions equipped on a unit basis are generally similar
in principle. It is impossible, however, to lay down
for renters” and D.T.N. installations a hard and fast
line beyond which power supplies cease to be pro-
vided on a unit ‘‘ per teleprinter ’ basis, since so
many factors are involved.

42. The use of 80--80V Westat Rectifiers on
an all-mains basis.

4.2.1.

The names (@) ‘“ Noregg ’ and (b) *“ Westat ”’
are trade names of Messrs. Westinghouse for rectify-
ing equipment with constant output voltage.
‘“ Noregg ” is for use without batteries, whereas
““ Westat ** is for use with batteries. The general
practice in the Department, which is used throughout
this paper, is to refer to both types of equipment as
‘“ Westat *’ rectifiers.

The use of 80 + 80V Westat rectifiers without
batteries for supplying teleprinters and teleprinter
switchboards, is described in this paragraph.
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Considerable use has been made of this arrange-
ment for D.T.N. and renters’ installations, with from
say 5 to 35 (or even more) teleprinters and often
including also a teleprinter switchboard of the No. 8,
No. 18 or No. 15 type.

The need for non-battery Westat installations has
not so far arisen at public service offices, since battery
supplies are now being provided for as few as eight
teleprinters, and most smaller installations had started
to grow up on a unit supply basis before the introduc-
tion of Westat rectifiers.

4.2.2.

The Westat rectifier is manufactured in a number
of standard sizes, defined by their output wattage
rating. The Post Office 80 + 80V rectifiers are of
two types, the first consisting of two 300 watt Westat
rectifiers mounted in a single cubicle, and the second
consisting similarly of two 600 watt Westat rectifiers,
which are the largest available.

4.2.8. 1
The first type was designed specially for all-mains
operation, and therefore includes two banks of elec-
trolytic condensers, each 1,750 microfarad capacity,
connected one across each 80V output. This provides
a satisfactory degree of smoothing and decoupling,
such that the motor and signalling current require-
ments of about ten teleprinters or of an equivalent
load made up of a teleprinter switchboard and tele-
printers, can be supplied, without an objectionable
degree of interference between circuits. In its first
form (Rectifier No. 54A) it was wall-mounting, but
its weight proved to be unexpectedly high, and the
later model (Rectifier No. 55A) was therefore made
floor-mounting. The teleprinters are usually bench-
mounted and the 80 + 80V power is distributed to
each position separately from a conveniently mounted
iron-clad distribution board and earth bar.
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The second type of 80 + 80V Westat rectifier
(Rectifier No. 56A) is intended primarily for battery
float operation in conjunction with a manually-
controlled standby rectifier and power board, and its
use in this way is dealt with in the next section.

Provision is, however, made for adapting it to all-
mains operation by fitting a standard voltmeter and
key in the spaces provided on the front panel, as
well as electrolytic smoothing condensers. For tele-
printer and teleprinter switchboard operation the
complement of condensers is 1750 + 1750, or 2000
+ 2000, microfarads, depending upon whether 250,
or 1000 microfarad units are used. In the past, when
the load has necessitated the use of two of these
rectifiers, it has been customary to parallel the
rectifiers instead of using them as two separate units.
This effected a saving of one set of electrolytic con-
densers and a voltmeter, and also, by pooling the
load and increasing its diversity factor, enabled the
two rectifiers to supply safely a larger number of
teleprinters. However, a breakdown can be fairly
troublesome with this arrangement, and it has there-
fore been decided, in all-mains installations, not to
parallel the rectifiers in future. ‘



43. 80 | 80V Floating Battery Installations.

4.3.1. 80 + 80V battery supplies may be required
to serve:—

(a) Teleprinter switchboards and teleprinter motor
and signalling supplies, whether in public
offices or D.T.N. and other renters’ offices.

(b) Multi-channel V.F. telegraph equipment.

4.3.2. Conditions to be fulfilled.
The conditions to be fulfilled are briefly : —

(@) The positive and negative supplies should not
differ by more than 4 volts, as beyond this
limit excessive signal distortion may be caused.

(b) The maximum and the minimum voltage of
the 80 + 80V supply must both be within the
governing range of the teleprinter motors and
of the motors of the M.C.V.F. telegraph
frequency generators. These ranges are:—

Upper | Lower
Limit | Limit
Volts | Volts

Public Service Teleprinter (3X) Motor 172 150
Renter’s Teleprinter (7B) Motor 265 150
M.C.V.F. Telegraph Frequency Generator| 184 150

(s) The supplies should be free from interruptions.

(d) The specified battery reserve should be catered
for and the batteries should be maintained in
good condition.

4.83.3. The Characteristics of Single Battery Float
and Divided Battery Float Working.

The meaning of the terms ‘‘ single battery float
operation *’ and ‘‘ divided battery float operation *’
are well known and need little explanation in this
paper, but the following statement, which is generally
true of the more important features, will serve to
show why both types (Fig. 2) are in use for telegraph
80 + 80V supplies.

(@) Single battery float plant is the simpler.

(b) The batteries occupy less space in a single
battery float scheme.

(c}) The range of voltage is less with divided
battery float operation.

(@) The divided battery float plant is the more
satisfactory for handling batteries which are
large for the load, that is, which are designed
to give a long period of reserve.

For single battery float operation a floating voltage
of not less than 2.15V per cell is necessary and a
voltage a few per cent. higher will do no harm. Itis
desirable to be able, occasionally, to boost the voltage
to 2.3V per cell, without disturbing the equipment
connected to the bus-bars. For divided battery float
working it is never necessary to float the batteries at
a higher voltage than 2.06V per cell.

4.3.4. Divided Battery Float Operation for Public
Service Installations.

For public service installations, divided battery
float plant is standard, using four batteries, each of
forty cells, the mean floating voltage being 82.5
+ 82.5V, which satisfies the requirements of the
Teleprinter No. 83X motor. The batterjes are designed
to give 24 hours reserve for any M.C.V.F. equipment
and miscellaneous loads in fwll and for half the

maximum teleprinter load, without their wvoltage
falling below 76 + 76V. The two batteries are
paralleled in the event of mains failure, sometimes
automatically, to use the available capacity as
economically as possible.

It is occasionally economical to use 41 + 41 cells
when the discharge leads are exceptionally long and
heavily loaded. .

4.83.5. Single Battery Float Operation for D.T.N.
Installations.

For D.T.N. installations, in which economy in the
space occupied by plant is of prime consideration,
and in which a standby engine supply is usually avail-
able to replace the mains, single battery float plant,
providing only two hours reserve at the maximum
rate of discharge, has been standardised. With the
smallest standard plant, however, it so happens that
the limitations imposed by using standard battery
sizes has resulted in appreciably more than two hours
reserve being provided. Two batteries, each of 40
cells, are floated as nearly as possible at 86 + 86V,
with occasional float-charges, if necessary, at up to
92 + 92V. The renter’s type of teleprinter (No. 7B)
and the motors of M.C.V.F. multi-frequency genera-
tors are both capable of accepting this maximum
voltage. At the high rate at which the batteries are
discharged in the event of mains failure, their
efficiency is only some 769 of that at the nine-hour
rate, and, furthermore, the batteries can only be
partially discharged before their voltage falls to the
permissible minimum of 76 + 76V. These two
factors together make it necessary for the ampere-
hour capacity of the battery, at the nine-hour rate,
to be numerically equal to approximately 8.5 times
the discharge load in amps, in order to give two

Rectifier or l l 3’{; é
M.G. N1, 5 \
’] { Floating voltage
g Sopplies. | 720 pescell
=
Rectifter or >
M.G N2, —
s —to ] r
Single battery float plant.
. Battery 1.
i £1T]
3———/ o
oopling
: 1 -
Keﬁigieﬁq T Battery 2. . -%
T [ - T s
e e 206V per

by ] |_' %éu.
bl T T

Divided battem; float plant.

F1G. 2.—SIMPLIFIED SCHEMATICS OF SINGLE AND
Di1viDED BATTERY FLOAT PLANTS.

-1






The rectifiers, which are manufactured by Messrs.
Westinghouse, are floor-mounting and include rectifier
elements of the Westalite selenium type.

The Westat rectifiers (Fig. 3) are received from
works adjusted for operation from 230V 50 c/s A.C.
supplies, and to give an output voltage varying
between approximately 86 and 90V from full-load
to 1/10th load at constant normal input frequency
and voltage, as illustrated in Fig. 4. This is the
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FiG. 4.—SIMPLIFIED SCHEMATIC OF THE WESTAT RECTIFIER—
AND VOLTAGE REGULATION CURVE.

setting required for single battery float operation.
Mains voltage variations, within the statutory limits
of + 69% from the declared voltage, add little to the
output voltage variations produced by load changes,
such that from 1/10th load to full load, with a
simultaneous variation of input voltage from 69
above to 69 below normal, the output voltage varies
only about 5V. The rectifiers are, however, sensitive
to supply frequency changes, and the output voltage
varies approximately linearly by 1.59, to 29 for
every 1% change of frequency. The transformer and
condenser taps within the cubicle can be re-adjusted
for any declared input voltage from 200 to 250V,
and for a mean output voltage of 82.5V for divided
battery float working. There are no manual controls
on the Westat rectifier. When two Westat rectifiers
are provided, they are permanently paralleled to form
what is, for all practical purposes, a single float unit.

The standby rectifier cubicle (Fig. 3), made in one
rating only, will deliver any output from 8A at
80 + 80V to 15A at 110 + 110V, and has transformer
input tappings adjustable for any input voltage from
200 to 250V. The positive and negative rectifiers,
which are simple single-phase bridge rectifiers, have

independent controls in the shape of transformer out-
put tapping switches and variable resistors, which
together give a very fine control.

The single battery float power board is wall-
mounting, while the divided battery float type can
be either wall-mounting or floor-mounting, both types
being very simple and requiring little comment.

The Westat rectifier (or rectifiers) is normally on
continuous floating duty. The manually controlled
rectifier can be used as a standby in the event of a
failure of the Westat rectifier, it being then necessary
to make occasional adjustments to cater for load and
mains voltage variations. The standby” rectifier is
also available for use after a mains failure, to give
control of the recharging of the batteries, and, in
divided battery float installations, for recharging
weekly the battery that has come off floating duty.

It is true that, when the mains are restored after a
failure, a partially loaded Westat rectifier can be
safely allowed to re-connect automatically to the
batteries, but, in general, it is safer to restore con-
nection on the standby rectifier, to avoid the risk of
the Westat rectifier overloading itself beyond the safe
limit of about 209, overload. The voltage output of
the Westat type of rectifier begins to collapse with
overload, giving a measure of self protection, but the
model in question will supply quite a heavy overload
before this collapse commences.

It may be mentioned that where a very light load
has to be supplied, as for example at a small M.C.V.F.
telegraph terminal, a simplified form of installation is
sometimes provided, consisting of one Westat cubicle
and a single battery of 39 + 89 cells, with sufficient
capacity to provide 24 hours reserve without the P.D.
per cell falling below 1.95V. In such circumstances
the Westat rectifier is fully capable of maintaining
the battery in good condition, and of restoring an
adequate proportion of the full charge within reason-
able time of the power being restored after an
emergency discharge.

4.3.8. Standard 80 -+ 80V Motor-Generator Plants.

The following table shows the plant required for
single, or divided, battery float installations with
approximately 24A and 48A output.

’ Single Divided
Battery Battery
Float Float
Approx. max. load current (amp) 24 48 | 24 | 48
Number of 2+2 kW 80480V ' !
Motor-generators . - 21 -
Number of 4-+4 kW 80+ 80V
Motor-generators . — 2 - 2
Switchboard (Diag. TG. 2038) - 1 1 - -
Switchboard (Diag. TG.1095) — -, 1 1
Number of Batteries, each 40 cells 2 2 4| 4
Standard Capacity of Cells (Ah) ... 125% | 250t * *
|

* Variable to suit local conditions.
1 2 Hours reserve.

The rating of each plant is the full output of one
motor-generator,
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Westat rectifier compares with equivalent motor-
generators as regards watt-efficiency and power
factor: —

\A"7es%at 6 AMG. 12 A M.G.
Full load watt
efficiency el 69% 48 to 60% | 58 to 65%
Full load power
factor .. .. 0-95 0-78 to 0-86] 0-8 to 0-87

At half load the Westat rectifier still has a slightly
better watt efficiency and power factor than the best
12A motor-generator.

4.4. Floating Battery Supplies for Phonogram
and Telephone-Telegram Equipment.

When an exchange supply is not available for the
phonogram and telephone-telegram equipment, the
standard plant provided at an office with an A.C.
supply is a single battery float plant, with twelve
cells of sufficient capacity for a 24-hour discharge.

In the smaller installations, to supply single-panel
phonogram equipment, a rectifier (Rectifier No. 384,
B or C) is used to float the battery. .

For larger offices with more positions, and these of
the single or double-tier continuous type, which
impose a greater load per position than the single-
panel type, a wall-mounting 600W, 26V Westat
rectifier and associated switchboard (Diagram TG.
2033) are available.

When D.C. mains only are available, a charge-
discharge arrangement is provided for the smallest
offices.

At all but the smallest offices in which the mains
supply is D.C., and also at the largest offices with
A.C. mains, it is now standard to employ maotor-
generators on a floating basis (Diagram TG. 2021).

It used to be customary to employ batteries on a
charge-discharge basis, with a rectifier or a single
motor-generator for charging purposes, and several
such installations are still in use.

It sometimes becomes necessary to provide a 30V
dialling supply, and this is done by supplementing
the“main battery with three additional small cells
with a trickle-charge rectifier.

The following table shows the approximate 24V
loadings of the equipment:—

Max. Daily
Demand| Load
Amp. Ah.
Separate Panel, per position ... el 03 3
Continuous-Panel, per position o . Y1) 10
Position amplifiers, per position e 01 05

4.5. Six volt supplies for Teleprinter Switch-
boards Lamps.

Except for one type of small cordless switchboard
for renters’ use, in which the 6V switchboard lamps
are supplied from the 80V supply through dropping
resistors, a 6V supply is required.
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For the smaller types of switchboard installed at
renters’ premises, both the 80 + 80V supply and the
6V supply are normally without battery reserve, the
6V supply being merely an A.C. supply from a trans-
former. If battery reserve is required, because the
switchboard has importance out of proportion to its
size, the transformer supply can still be used normally
and a change-over switch operated on the switchboard
in the event of it being necessary to resort to battery ;
or the battery supply can be on a floating basis, the
rectifier being the same type that is used for dialling
batteries in phonogram installations.

For the larger switchboards for D.T.N. Stations and
for the public service, battery reserve for both the
80 + 80V and 6V supplies is a standard provision.
The arrangement first adopted for the 6V supplies to
these switchboards was similar to that just describad
for the smaller switchboards, with the exception that
an automatic change-over panel was provided as part
of the switchboard apparatus. A combined 5A or
12.5A charging and trickle~charging rectifier and wall-
mounting power panel were provided. At a few large
installations, however, rectifiers with greater output
were provided and the wall-mounting panel was re-
placed by a small section lining up with the main
power switchboard for the L.T., H.T., and 80 + 80V
supplies. (Diagram TG. 2009 shows a typical circuit
of this type.) Later it was decided to abandon the
above arrangement in favour of a simple floating
battery scheme, in which the type of rectifier used has
been kept absolutely simple, having no automatic
voltage control devices but being designed for the best
possible natural regulation. Between one fifth rated
load and full load, with simultaneous mains voltage
variations of + 69 to —69, from normal, the output
voltage does not vary outside the limits 7V to 6V.
The rectifiers have been standardised, to date, in
two ratings, namely, 15A and 30A. It sometimes
becomes necessary to parallel two of the 80A rectifiers
and, in one installation, three in parallel are in use.

The F.L.S. lamps constitute a large part of the
load, their variation being, to some extent, com-
pensated for by the calling lamp load. Nevertheless,
the load varies considerably over the 24 hours, and
the nature of the load varies greatly from one switch-
board to another, due to the quite different types of
traffic.

The 6V rectifier and battery need to be as near to
the load as possible, in order to minimise voltage drop
difficulties, and it is therefore the practice to install
both of them near the switchboard apparatus racks.
To this end the cells are always of the enclosed type,
two or three sets of the largest size being paralleled
if necessary. They are generally hidden away in
cupboards, so as to be unobjectionable in the switch-
board apparatus room. The batteries may require
either 24 hours or 2 hours reserve, but in the latter
case they are made considerably larger than is barely
necessary, thus reducing the voltage variations arising
from abnormally heavy or light loads persisting for
only a short time. With the increasing size of public
service teleprinter switchboard installations, it is
evident that it will not always be possible to provide
24 hours reserve in a battery to be installed near
the switchboard rack equipments, It will then be



arranged for a reserve 230V A.C. supply to be
obtained from a machine run from the 80 + 80V
battery, the 6V supply being always obtained direct
from transformers. This problem has not arisen at
D.T.N. stations, where only two hours reserve is
needed.

It may, perhaps, be questioned why the 6V battery
supply is not taken as a tap from the 80 + 80V
battery. The answer is that the 6V load is often
much heavier than the 80 + 80V load, and always
comparable with it, so that the arrangement would
obviously be a bad one.

4.6. Power Supplies for Multi-Channel V.F.
' Telegraph Equipment.

4.6.1. Some General Points.

It will be recalled that the supplies required are
the 21.5V L.T. or filament supply, the 130V H.T. or
anode supply and the 80 + 80V supply. The L.T.
and H.T. supplies often come from Repeater Station
power plant, and the M.C.V.F. equipment is suitably
equipped to prevent electrical noise at an objection-
able level from being injected by it into such batteries.

On the other hand, a great many M.C.V.F.
terminals have been provided with L.T./H.T. power
plant designed primarily for this purpose, and, in all
but a few of the earliest installations, such plant has
been deliberately designed to be suitable also for
repeaters and other transmission equipment. The
conditions to be met consist of regulating the voltage
to prescribed limits, namely, +19% H.T. and +0.25V
L.T., and also of ensuring that the psophometric noise
on the batteries, due to the power plant, does not
exceed specified limits (see para. 3 of I.P.O.E.E.
Paper No. 173).
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Fic. 8.—M.C.V.F. TeLEGRAPH EQUIPMENT—EFFECT OF
SuPPLY VARIATIONS ON TELEGRAPH DISTORTION.

It often happens that the major portion of the load
on a telegraph power plant is that of audio equipment.

The M.C.V.F. telegraph equipment is less sus-
ceptible to noise than repeater equipment, but in
respect at least of the anode supply is more affected
by voltage variations. It has, perhaps, not always
been fully appreciated to what extent H.T. supply
variations affect telegraph signal distortion, compared
with the same percentage variations in the L.T.
supply, and there are many public service installa-
tions in which the L.T. supply is closely regulated by
load carbon pile regulators, while the H.T. supply is
not, which cannot be regarded as a logical arrange-
ment for M.C.V.F. telegraph equipment. The effect
of supply variations is clearly shown by the curves
given in Fig. 8. .

Any L.T. load carbon pile regulators for M.C.V.F.
telegraph equipment are connected in the negative
lead (Fig. 9), and not in the earthy lead as has been
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Fic. 9.—L.T. anp H.T. SuppLiEs For M.C.V.F.
TELEGRAPH EQUIPMENT. THE POSITION OF THE
Loap CarBoN PiLE REGULATORS.

the custom in repeater practice. There is a good
reason for this, because an L.T. regulator in the
earthy lead in effect causes variations in the H.T.
supply voltage, equal to the variations across the
L.T. pile. The standard telegraph practice is adhered
to when supplying audio equipment from a telegraph
power plant. It will be appreciated that the load
carbon pile regulators are normally mounted on the
equipment racks (Fig. 10) and are connected in the
supply lead between the battery and the load.

Absolute continuity of supply at M.C.V.F. terminals
is of great importance, because of the number of
through channels that may be affected, for while a
short break in a power supply may cause little or no
trouble on speech channels, it will cause errors, false
calls, etc., on telegraph circuits.

4.6.2. The Supply Requirements for M.C.V.F. Tele-
graph Equipment.

The precise mean value of the L.T. and H.T.
supplies is not critical, but the variation about these
mean values is important. The normal limits are
21.5V + 0.25V for the L.T. supply and 130V + 1.3V
for the H.T. supply.

The requirements for the 80 + 80V supply have
already been stated in Section 4.3.2.

It will be clear that the supply requirements can
best be met by the use of floating battery installations,
and only in 4-channel outstations and mobile equip-
ments is operation without batteries tolerated.
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identical in type but has greater output. The LT/HT
rectifier equipment, however, incorporates a type of
tap-changing regulating transformer (Fig, 18), manu-
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Fic. 18.—D.T.N. Group or Main StaTiION POWER PLANT—
PRINCIPLES OF AUTOMATIC VOLTAGE REGULATION,

factured by the Foster Engineering Co., controlled
via relays and contactors by two moving-coil meters,
one giving voltage control and the other current con-

one smoothing filter for each supply, mounted in the
automatic cubicle, and a link mounted on the terminal
panel in the main cubicle enables either the main or
standby rectifier to be switched to the filter input.

The transformers are immersed in petroleum jelly
in closed steel tanks.

When the cubicle is switched on, or when the mains
supply is restored after a failure, connection is first
made to the lowest transformer taps before connect-
ing the rectifier to A.C. supply and battery. The
taps are then raised under control of the contact
ammeter and voltmeter. The automatic current con-
trol is devised to keep the rectifier operating near its
full output until the battery voltage rises within the
regulating range of the contact voltmeter, when the
latter takes control. In this way the battery is re-
charged as quickly as possible without overloading
the rectifier. By the operation of a key, the rectifiers

trol. The following are some particulars of the can be made to regulate at 2.3V per cell for float-
plants: — charging.
LT/HT Prants.
Group Main ’ Special t Special
400V. 3 phase A.C. supply
LT |HT. | LT |HT. | LT. |HT | LT. | HT
Max. auto-regulated output, (amp) 60 7:5 110 15 150 20 [ 250 25
Min. duto-regulated output, (amp) 15 1-2 32 3 30 5 25 2-5
Battery Capacity, Ah. 125 20 300 50 500 50 700 75
to 1000
Full-load watt efficiency, % 71 70 72 74 72 . 76 735 76
Full-load power factor 095 | 093 | 095 | 0:96 | 096 | 0-96 l 0-97 | 0-97
80 4 80V PraNTS.
Early | Early | Later Gp | Special
400V. 3 phase A.C. supply Group | Main |and Main
Max. auto-regulated output, (amp) ..| 17-5 23 42 60
Min. auto-regulated output, (amp) ... NL NL NL NL
Battery capacity, Ah. ... .. 50 75 125 200
Full-load watt efficiency, % . .. 72 72 725 74
Full-load power factor .. 0:85 0-86 0-86 0-875

It should be observed that the maximum auto-
matically-regulated output always includes a propor-
tion, equal to one-tenth of the battery capacity, for
battery charging. Thus, for instance, the 110A out-
put of the L.T. cubicle shown above is apportioned
80A to'load and 30A to battery recharging. Each
standby rectifier has the same rating as the main
floating rectifier, and the main and standby rectifiers
are not intended to be paralleled.

The largest LT /HT plant comprises four cubicles,
two L.T. and two H.T., one of each being the main
automatically-controlled floating cubicle and the other
a manually-controlled standby cubicle. The other
three equipments each comprise only three cubicles,
as the two manually-controlled rectifiers are combined
in one cubicle. Figs. 19 and 20 show front and rear
views respectively of such a typical equipment.
Except for the lack of automatic control, the trans-
formers for the standby rectifiers are identical with
those for the main automatic rectifiers. There is only
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This type of cubicle has given excellent service, but
the complication of the circuit is, perhaps, some dis-
advantage on the rare occasions when faults do occur.

(i) The *“ A’ Type Plant.

When the need for semi-automatic plant no longer
existed, the ‘“ Small Station *’ plant described under
(i) was superseded by an all-rectifier plant of slightly
larger capacity. The 80 + 80V portion of the plant
is the single-battery float Westat plant already
described. The LT/HT plant also employs Westat
rectifiers. The complete LT /HT plant is built into a
single cubicle (Rectifier No. 58A) which includes L.T.
and H.T. Westat float rectifiers, L.T. and H.T.
manually - controlled standby rectifiers, and one
smoothing filter for each supply. The Westat recti-
fiers are normally in use on floating duty, and their
full output is available for load, as the standby
rectifiers have a margin above this for battery charg-
ing. The principle of automatic voltage regulation















APPENDIX L
A BRIEF DESCRIPTION OF THE PRINCIPLE OF THE WESTAT RECTIFIER.

The Westat rectifier requires only a single-phase
A.C. supply, and, without the use of any moving
parts, it will give a closely regulated D.C. output
volfage with varying load and A.C. supply voltage ;
it will not compensate, however, for supply frequency
variations, and, in fact, the D.C. voltage varies
approximately linearly with, but somewhat more than
in direct proportion to, the supply frequency. With
a single-phase full-wave bridge rectifier the mean D.C.
voltage, while falling with increase of load, is always
less than the r.m.s. A.C. input voltage throughout
the range no-load to full-load. On the other hand,
with a three-phase bridge rectifier, the mean D.C.
voltage, while again falling with increase of load, is
always greater than the r.m.s. A.C. voltage between
any pair of lines, throughout the range no-load to
full-load. Thus, for any given r.m.s. A.C. voltage
applied single-phase to a single-phase full-wave
rectifier, and three-phase to a three-phase full-wave
rectifier of similar current rating, the D.C. output
voltage of the three-phase rectifier at full-load is
greater than that of the single-phase rectifier at no-
load. It will, therefore, be clear that, given a three-
phase full-wave rectifier unit and a three-phase supply,
by connecting only one phase of the supply at no-load,
but all three phases at full-load, there is, compared
with the no-load condition, a margin at full-load to
counteract the voltage drop in the rectifier elements.
An approximation to a constant voltage output has
therefore been achieved at these two points on the
load curve. This is the principle of the Noregg and
Westat rectifiers. Referring to Fig. 4, of two trans-
formers which have their primary windings in series
across the single-phase A.C. supply, one (T1) has an
air gap in its magnetic circuit, whilst the other (T2)

is a normal transformer, shunted on its primary wind-
ing by a condenser and having its secondary winding
centre-tapped. The secondary windings of the two
transformers are Scott-connected to a three-phase
bridge rectifier, so that if an approximation to a
normal two-phase supply were connected, one phase
to each primary winding, an approximation to a
normal three-phase supply to the rectifiers would be
obtained., By careful design of the transformer
magnetising currents and condenser cuzrent, and by
adjustment of numerous tappings on the transformers
and condenser, it is arranged that at full-load the
line current leads the voltage V2 (developed across
T2 primary) by approximately 45°, and lags behind
the voltage V1 (developed across T1 primary) by
approximately 45°. V1 and V2 are approximately
90° out of phase, so that the output from the Scott-
connected secondary windings is three-phase. From
full-load to no-load a progressive change occurs,
resulting in the voltage developed across T1 primary
becoming smaller, until, at no-load, the supply to the
rectifier is virtually single-phase, from T2 only.
Overload causes reversion towards single-phasing
with consequent fall of D.C. voltage. The steepest
part of the regulation curve is that very near to no-
load, and this can readily be cut off by the use of a
bleeder resistance sufficient to impose a very light
load.

Changes from normal in the mains voltage also
cause deviations of the voltages V1 and V2 from their
normal phase relationship, so that some degree of
compensation is again given. This is necessarily far
from a complete treatment, but it is hoped that the
principle will have been indicated.

APPENDIX II.
t
A BRIEF DESCRIPTION OF THE PRINCIPLE OF THE FERRANTI MOVING COIL REGULATOR.

The regulators used in the power equipments that
have been described are designed for three-phase
operation. The three-phase regulator merely consists
of three single-phase regulators operating together,
and therefore a description of the principle of a single-
phase regulator will suffice. The regulator (Fig. 26)
is essentially a transformer with (in principle) a long
two-limbed core, on one limb of which are wound two
primary windings ‘““a’’ and “‘b’’ and two secondary
windings ‘““¢’’ and ‘““d.”” (The second limb may
actually be in two or more parts.) Winding “a’’ is
towards one end of the limb and winding ‘‘b,”’ which
is wound in opposite sense, is towards the other end
of the limb. The two coils are connected in series
across the A.C. supply, and over them a short-
circuited coil ““s’’ is free to move. The short-
circuited coil behaves as a barrier to magnetic flux,
and its position with respect to coils ““a’> and “b”’
decides their relative impedance ; it also decides the
voltage across each, since they are in series across
the A.C. supply. In similar positions to coils ““a”’
and “b,” and also surrounded by the moving coil,

are respectively windings ‘‘¢”’ and ‘“d’’ which,
again, are wound in opposite sense to each other and
connected in series to the rectifier elements. Clearly
if the turns ratio of “c¢”’ to ““a’’ were the same as
that of ““d”’ to ‘““b’’ then, as the moving coil “‘s”’
traversed the length of the limb, a more or less con-
stant output voltage would be obtained across the two
secondary windings in series. By suitable choice of
the number of turns on a, b, ¢, and d, and by making

the turns ratio% and —g different, the desired range

of output voltage can be obtained. A numerical
illustration of the functioning of the regulator is given
towards the end of this appendix.

The moving coil is driven through a lead screw by
an A.C. disc-type split-phase induction motor. The
motor will drive the coil over its complete range in
approximately 1% minutes.

The motor is controlled by an A.C. voltage relay,
known as an astatic relay to indicate that its plunger
has no tendency to return to any one particular
position, this being so because the design gives a

23



PRIMARY

A o0 A
PRIMARY ' SECONDARY
B O ——oB
€ O]
o VOLTAGE NT|

F1G. 26.—FERRANTI MovinG-Coi. REGULATOR.

virtually constant magnetic pull over a wide range of
movement of the plunger. The weight of the plunger
balances the magnetic pull equivalent to normal volt-
age, sd' that the armature floats in its guides. The
armature controls the position of a three-contact

mercury tube in the motor circuit. With changes of
voltage the plunger takes up new balanced positions,
in which the change of magnetic pull is balanced by
the pendulum action of the tube assembly, deviated
from its normal position. If the voltage change is as
much as the sensitivity setting of the relay, the
mercury contact is made and the motor drives in the
appropriate direction to compensate for the voltage
change. To allow the relay to regulate at any chosen
voltage over a given range, that is to enable load
changes and battery charging to be catered for, the
relay is fed from a tapped auto-transformer connected
to the supply to be regulated, and the tap chosen
determines the regulated voltage. The relay is
affected by frequency changes, such that the regulated
voltage varies approximately in direct proportion to
the frequency. As stated earlier, a D.C. type of
astatic relay has now been perfected.

The first table following shows how, with a constant
voltage input to the regulator, and presuming constant
load, the output voltage varies with the position of
the short-circuited coil, two hypothetical designs being
illustrated.

The second table shows how, with an input voltage
varying + 10% from normal, and presuming con-
stant load, the astatic relay causes the moving coil to
take up varying positions such that the output voltage
from the regulator remains constant. It will be
realised that, for simplicity, it is assumed that the
voltage transformation ratio is equal to the turns ratio
of the coils.

(I) VOLTAGE OUTPUT VARIED BY POSITION OF MOVING COIL, WITH
: CONSTANT INPUT VOLTAGE.

Design No. 1. Design No. 2.
Moving
Coil Primary Turns Ratios Turns Ratios
Position Voltages c_1d4_1 c_q da_1
a 6 b 2 a b 2
Secondary Voltages Secondary Voltages
Supply| Va ’ Vb | Ve | Va 'Output Ve | Vd |Output
1 230 30 | 200 6 100 106 30 100 130
2 230 50 | 180 10 90 100 50 90 140
3 230 | 100 | 130 20 65 85 100 65 165
4 230 | 150 80 30 40 70 150 40 190
5 230 | 200 I 30 40 15 55 200 15 215
|
(I1) COMPENSATION FOR INPUT VOLTAGE VARIA-
TIONS BY VARYING THE POSITION OF THE
MOVING COIL.
Design No. 1.
Moving
Coil Primary Turns Ratios
Setting Voltages c_14d4 1
a 5 b 2
Secondary Voltages
Supply} Va Vb Ve Vd [Output
3+ 253 138-5 | 1145 | 27-7 57-3 85
3 230 100 130 20 65 85
3- 207 61-5 | 1455 | 12-3 727 85
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