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Introduction Section1 5

This new range of Modular Power supplies, PM44-56, marks a
radical departure from accepted attitudes in commercial power

supply design.

The range provides pre-set output voltages in the range 0-50V in
current ratings of 1, 3, 5, 10A and 20A with very extensive facilities
and a high degree of reliability.

Facilities available include the selection of various output charac-
teristics, such as constant current operation, by means of internal
links, external programming and optional built in SCR overvoltage
protection.

Particular emphasis has been placed on a high specification,
rugged mechanical construction and long-life components. As a
result of this attention it is possible to quote estimated MTBF
figures for each individual unit.

10, 000:1 Stability

eRe-entrant protection with constant current optional
eProgrammeable on Voltage and Current

oeMTBF estimated not less than 25,000 hours

Low Voltage Units for Integrated Circuits.

The range of Modular Power Supplies PM16-20 consists of units
having a fully variable output of 0 to 7V with a choice of current
ratings from 1 to 20A. They have been specifically designed to
meet the requirements of Integrated Circuit Technology with par-
ticular reference to very high reliability, and incorporate a new
protection circuit to safeguard both the power supply and the load.
This range offers the Integrated Circuit user a power supply to
satisfy most applications.



Specification Section 2

INPUT VOLTAGE
100, 105, 110, 115, 120, 125, 200, 220, 230, 240, 250V +10% 48-450Hz

LINE REGULATION
Less than +(0.001% + 30uV) for +10% AC line variation at any

specified tap.

LOAD REGULATION
Less than (0.02% +1mYV) for a no load to full load swing

RIPPLE
Less than 400V pk-pk,(typically 250u pk-pk)

TEMPERATURE CO-EFFICIENT
Less than (0.015% + 200uV) per °C

OUTPUT IMPEDANCE
Less than 0, 258 at 100kHz. Typically less than 0. 1Q at 100kHz.

RECOVERY TIME
For a full load step change the output voltage will recover in
approximately 20u seconds to within 10mV of regulation Band.

OVERLOAD PROTECTION

Re-ent rant overload protection which is variable from 15% to
105% at full load current by a potentiometer on the front panel.

At switch-on the protection may be set to operate at constant
current for a period of 200m seconds after which it reverts to
re-entrant operation. This facility is optional and may be selected
by an internal link but is not available below 4 volts output.

OVERVOLTAGE PROTECTION

Optional

Overvoltage protection is by means of a high speed SCR crowbar
with fuse. The trip voltage may be varied by potentiometer or
programming resistors. This facility is an optional extra which
can be built into the unit if required.

TEMPERATURE RANGE
-10° to +60°C
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INSULATION
Floating output must not exceed +250V DC from ground. Input

tested 500V DC live to ground, and live to output greater than
10M ohms.

CONSTANT CURRENT OPERATION

Optional

All units can be operated in the constant current mode at reduced
ratings. Further details can be found on Graph 2 Section 3 and
Tables 5 to 7.

PROGRAMMING

External programming of both voltage and current by means of
external resistors, is possible and is restricted to operation
within the re-entrant characteristic, or within the constant current
restrictions if operating in this mode. Further details of this form
of operation can be found in Section 3.

PROGRAMMING RESISTANCES

VOLTAGE MODE 100Q/volt +3%

CURRENT MODE 1002/100% of output current +3% for re-entrant
current mode
10502/100% of output current +3% for constant
current mode

OUTPUT VOLTAGES AND CURRENTS

Output Voltage Output Current

1A 3A oA 10A 20A

0-15V PM44 PM47 PM50 PM53 PM56
0-30V PM45 PM48 PM51 PM54 -
30-50V PM46 PM49 PM52 PM55 -

Output Voltages factory pre-set in 1V increments and variable
by +0. 5V min by a potentiometer on the front panel.

FACTORY FITTED OPTIONS

Extra

SUFFIX 'X' Alternative PC board assembly to give (0.005%
+50uV) /°C temperature Co-efficient fitted instead
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SUFFIX 'Y’

SUFFIX 'Z'

of standard (. 015% + 200xV) /°C temperature
co-efficient.

The Power Unit will be set to operate in

constant current mode at the ratings in Tables

5, 6 and 7 instead of standard re-entrant mode.

An SCR overvoltage protection circuit will be
fitted within the Power Unit normally set to 10% or
1 volt (whichever is greater) above the nominal
output voltage.
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3.1 INSTALLATION

Fig.2 Dimension Diagrams

Dimension Dimension
Diagram A Diagram B
40r 8 8-32 UNC 4 or 6 Y0-32 UNF
Tapped Holes Yapped Holes
— —— —— — - —1
- } T I g } T T
I ' Dt A ! ! Hig 8
1 |
| 1] Bl iy
- —— —3— t B3 g
¥ [ 1 b———l—j‘—J
i L [ ‘_.1 ! l L - _*1
. c - I

Table 1 Fixing Centre Data, Dimensions, Weights and Dissipations

Section 3

Overall Dimensions and Weights

Type Height Width Length Weight

A B C

in cm in cm in cm Ib kg
PM44 5y 13.0 | 32 8.3 51 13.0 | 4 1.8
PM45 58 13.0 £ 118 50 13.0 | 6 2.7
PM46 56 13.0 | 3% 8.3 L 235 | 8 3.6
PM47 5¢ 13.0 | 3% 8.3 91 235 | 8 3.6
PM48 55 13.0 | 45 11.8 | 9+ 23.5 11 5.0
PM49 5y 13.0 | 73 18.7 | 9+ 23.5 | 15 6.8
PM50 55 13.0 | 4% 11.8 | 9+ 23.5 | 11 5.0
PM51 5¢ 13.0 | 73 18.7 | 9% 235 | 17 7.7
PM52 5¢ 13.0 | 43 11.8 15z 38.2 | 21 9.5
PM53 540 130 | 75 18.7 | 9+ 235 | 17 7.7
PM54 5 13.0 | 78 18.7 | 15% 38.2 | 35 15.9
PM55 56 13.0 | 95 23.2 | 151 38.2 | 44 20.0
PM56 55 13.0 | 9% 23.2 | 15/ 38.2 | 44 20.0

9
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Table 1 Fixing Centre Data, Dimensions, Weights & Dissipations (Cont)

Fixing Centres
Type D E F G
in cm in cm in cm in cm
PM44 43 12.07 1 2.54 - - 3 7.94
PM45 43 12.07 1 2.54 - - 3 7.94
PM46 43 12.07 1 2.54 - - 71 18.42
PM47 43 12,07 1 2.54 - - 71 18.42
PM48 43 12.07 1 2.54 - - 7% 18,42
PM49 43 12.07 1 2.54 - - 7% 18.42
PM50 43 12.07 |1 2.54 - - 7% 18.42
PM51 43 12.07 1 2.54 - - 7%  18.42
PM52 43 12,07 | 2L 5.24 2 13.89 10 27.178
PM53 43 12.07 1 2.54 - - 7% 18.42
PM54 43 12.07 | 2% 5.24 5% 13.89 108 27.78
PM55 43 12,07 | 2% 5.24 5% 13.89 | 10§ 27.78
PM56 43 12.07 | 2L 5.24 5% 13.89 | 10{ 27.78
Type H J K L |
in cm in cm in cm in cm

PM44 28 17.39 11 3.81 - - 2k 5.40
PM45 427 10.85 11 3.81 - - 2k 5.40
PM46 28 7.39 2 5,08 - - 5% 13.3
PM47 28 7.39 2 5.08 - - 51 13.3
PM48 4% 10.85 | 2 5.08 - - 5% 13.3
PM49 7 17.78 |2 5.08 - - 5 13.3
PM50 47 10.85 |2 5.08 - - 5% 13.3
PM51 7 17,78 2 5.08 - - 55 13.3
PM52 4% 10.85 |3 7.62 12. 86 9% 23.02
PM53 7 17.78 |2 5.08 - - 5% 13.3
PM54 7 17.78 |3 7.62 5kt 12.86 | 9% 23.02
PM55 83 22.23 |3 17.62 5k 12.86 9% 23.02
PM56 83 22.23 |3 7.62 5k 12.86 | 9% 23.02
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Power Dissipations at Maximum Input Voltage

Section 3

Unit Max Full | Max Unit Max Full| Max
Load Overload Load Overload
PM44 12w 13w PM50 50W 60W
PM45 15W 20W PM51 65W 105W
PM46 20W 33w PM52 9OW 155W
PM47 30W 35W PM53 95W 130W
PM48 45W 60W PM54 130W 200W
PM49 60W 95W PM55 180W 310W
PM56 190W [ 260W

3.2 AC SUPPLY
Verify that the connections to the primary of supply transformer
T1 corresponds to the voltage of the local supply, and that the
supply fuse FS1 is correct for the unit in use (see Table 4)

The primary connections of T1 should be paralleled when the local
supply is 100 to 125V. Fig. 3 shows the connections for a 110V
supply, and Table 2 gives the connections for supplies between
100 and 125V,

O

5V

O

5V

0

O

100V

O

100V

NEUTRAL

~o—

110V

O

110V

Fig. 3 Transformer Primary Connections for 110V

O

120V

O

120V

LINE

11
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Section 3

Table 2 Transformer Primary Connections 100-125V

Supply Neutral Line Neutral Line
Link Link
Between Between
100V 0 100 0-0 100-100
105V 5 100 5-5 100-100
110V 0 110 0-0 110-110
115V 5 110 5-5 110-110
120V 0 120 0-0 120-120
125V 5 120 5-5 120-120

When a 200 to 250V supply is available, the primary connections of
T1 should be made in series. Fig.4 shows the series connections

to be made for a 240V supply, and Table 3 gives the connections for
supplies between 200 and 250V,

5V

O O

100V 10V

Oo— O O
0 100V 110V
NEUTRAL

O—
120V

120V

LINE

Fig. 4 Transformer Primary Connections for 240V

Table 3 Transformer Primary Connections 200-250V

Supply Neutral to Line to Diagonal Link
Inner Tag Outer Tag Between
200 0 100 0-100
210 5 100 5-100
220 0 110 0-110
230 5 110 5-119
240 0 120 0-120
250 5 120 5-120
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Table 4 Fuse Rating (fuses up to 10A must be HRC type)

Section 3

Power Supply F81 FS2
200-250V 100-125V DC Fuse
Rating | Size | Rating| Size | Rating | Size
PM44 1A 00 2.5A 00 2.5A 00
PM45 2.5A 00 4A 00 2.5A 00
PM46 2.5A 00 4A 00 2.5A 00
PM47 2.5A 00 4A 00 4A 00
PM48 3A 0 TA 0 5A 0
PM49 5A 0 10A 0 TA 0
PM50 3A 0 TA 0 TA 0
PM51 S5A 0 10A 0 TA 0
PM52 TA 0 15A 0 7A 0
PM53 5A 0 10A 0 12A 0
PM54 TA 0 15A 0 12A 0
PM55 10A 0 20A 0 12A 0
PM56 10A 0 20A 0 25A *

*Fast Blow EE GS150/25

13



14 Operation Section 3

3.2.1. PRELIMINARY CHECKS

Before the line supply is connected to the unit, ensure that the
correct fuses are fitted as specified in Table 4. Check that the
following terminal links on terminal block TB2 (mounted on the
front panel) and TB3 (mounted on the left-hand side of the unit)
are in position.

(1) 1 and 2 on TB2 (DC LINK)
(2) 3 (+8) to4 on TB2)

(3) 6 (-8) to 5 on TB2 )DC CutPut
(4) 1 and 2 on TB3 (External programming of current)
(5) 4 and 5 on TB3 (External programrming of voltage)

NOTE I these links are not made the unit will not operate
satisfactorily.

When the preliminary checks have been completed, connect the
line supply to the following terminals on TB1.

Line tol
Neutral to 2
Ground to 3

3.3 RESETTING THE OUTPUT VOLTAGE

(a) SETTING THE OUTPUT VOLTAGE

The unit is adjusted in the factory to provide the voltage indicated
on the serial number panel, with a further +0. 5V control available
on the SET O/P VOLTS control positioned on the front panel. The
following conditions should be observed.

(1) The SET OUTPUT CURRENT control on the front panel should

be fully clockwise.
(2) The level of output voltage does not exceed the trip level of the
overvoltage protection circuit (when fitted).

(b) TO CHANGE THE OUTPUT VOLTAGE

(1) Connect a voltmeter across terminals 3(+s) and 5 (-s) on TB2.
(2) Adjust the transformer taps on the secondary of T1 and R110,
R111, R117, R118 and (R50 and R57 if fitted), as shown on tables
8,9 and 10.

(3) Switch on the AC Supply.

(4) Adjust the SET OUTPUT VOLTS control to obtain the exact
output level required.

(¢) EXTERNAL PROGRAMMING OF OUTPUT VOLTAGE (see Section
3.7)
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3.4 RESETTING THE OVERLOAD PROTECTION

(a) The current re-entrant limit level is determined by the SET
OUTPUT CURRENT control on the front panel. The control can
be set to any value of current within the range 15% to 105% of the
maximum rated current of the unit, provided that the correct value
of R110 and R111 has been fitted.

M
A ;! |
100 ~ | ' ,
/ '
/ i
OuUTPUT / o
VOLTAGE / [
(%) / | l
/ i
/o, P
./ /, ! ;
/v i
e R
L o

0 812 OUTPUT CURRENT (/) 100 ' 107
Short Circunt Current 103

for Full Load Setting Full Load

Graph 1 Output Voltage Plotted Against Output Current

To set the output current rotate the SET OUTPUT CURRENT
control fully clockwise. Switch on the AC supply.

Connect an ammeter and adjustable load between terminals 4 (+)
and 5 (-) on TB2, and carefully adjust the load until the ammeter
indicates the unit is delivering the required currvent.

Adjust the SET OUTPUT CURRENT control counter clockwise
until the output voltage starts to fall, and then rotate the control

a small amount clockwise.

Decrease the load resistance slowly and verify the maximum load
current available,

NOTE As the output current setting is reduced so the maximum
short circuit current is reduced proportionately, as shown on
Graph 1.

(). TO OPERATE THE POWER SUPPLY IN CONSTANT CURRENT
MODE
Remove the link between terminals 20 and 21, and 18 and 19 on the

15



16 Operation Section 3

AUX PC Board, and fit an external programming resistor between
terminals 2 and 3 on TB3 having first removed the link between
terminals 1 and 2. The maximum nominal currents allowable are
shown on Tables 5,6 and 7.

NOTE At no time must the current exceed the limit shown on
Graph 2.

For currents other than those shown on Tables 5,6 and 7 calculate
programming resistor values as per specification, Section 2.

48

|

; \
40 — 30~50V UNITS \
\
\

-
/'/

!. 28 \
2 26 \
$
o
g 22}— 0-30v UNITS
20
i
' \ % :
18 \\ l
4 } |
1 I
. \ N !
N |
10 g
s}— 0-15vuUNITS
. AN
! |
4 34 -+ +
2 4
|
Lo
0 10 20 30 40 S50 80 70 80 90 100 N0 JFULL LOAD

Constant Current Rating

Graph 2 shows limits to output current in constant I mode
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(c) CONSTANT CURRENT SWITCH ON

To remove the 200mS constant current switch on facility, remove
the link between the terminals 20 and 21 on the AUX PC Board.

Table 5 Maximum Current in Constant Current Mode

Section 3

With Output | Nominal Output Current (Max)

Volts set t0 | pyag | pary PM50 PM53 PM56
1 1.0A 3.0A 5.0A 10A 20A
2 1.0 3.0 5.0 10 20
3 1.0 3.0 5.0 10 20
4 .83 2.9 4.1 8.3 16. 6
5 .74 2.2 3.7 7.4 14.8
6 .62 1.9 3.1 6.2 12.4
7 .57 1.7 2.8 5.7 11.4
8 .54 1.6 2.7 5.4 10.8
9 .50 1.5 2.5 5.0 10.0
10 .48 1.4 2.4 4.8 9.6
11 .45 1.4 2.2 4.5 9.0
12 .42 1.3 2.1 4.2 8.4
13 .40 1.2 2.0 4.0 8.0
14 .39 1.2 1.9 3.9 7.8
15 .37 1.1 1.8 3.7 7.4

17
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3.5 RESETTING THE OVERVOLTAGE PROTECTION (IF FITTED)

(1) Having checked that the overload protection is working, connect
a voltmeter from terminal 4 (+) to terminal 5 (-) on TB2.

(2) Set the overvoltage control (RV50) mounted on the Overvoltage
Board to the maximum setting - fully clockwise.

(3) Set the output voltage by rotating the SET OUTPUT VOLTS
control RV101 or by using the external voltage programming
facility to the required overvoltage level. (See external voltage
programming, Section 3. 7).

(4) Slowly turn RV50 counter-clockwise until the overvoltage
circuit operates. Operation is evident by a reduction to approx-
imately 1V on the voltmeter.

(5) Reduce the output voltage by varying the programming
resistor to give approximately normal voltage.

(6) Switch off the AC supply, and the switch on again, to reset the
circuit.

(7) Increase the output voltage by slowly increasing the program-
ming resistor. This will check the operation of the circuit at the
level indicated on the voltmeter.

(8) Remove the External programming resistor.

(9) Check the output voltage setting.

3.6 UNIT CONNECTIONS

Tables 8,9 and 10 show the connections that should be made be-
tween the various secondary windings of T1 and the values of
R110, R111, R117, R118 and (R50 and R57 if fitted), that should be
inserted to obtain the required output voltage. These resistors
are located on the AUX. PC Board and R50 and R57 on the O/V
PC board.

NOTE When the overvoltage circuit is fitted it is necessary to
change the link on the O/V PC board when operating units above
7V i.e.

0 -7V LINK terminals 1 and 9

8 - 50V LINK terminals 1 and 8
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3.7 PROGRAMMING CURRENT AND VOLTAGE

Output Characteristics and Programming.

To enable users of these power supplies to have a wide range of
operating conditions care has been taken in the design to accom-
modate facilities for modifying the basic operating characteristic.
It will be appreciated that an alteration to the normal characteristic
of the power unit must impose certain limits to its operating area.

3.7.1 EXTERNAL PROGRAMMING

Voltage, current and overvoltage protection levels can be controlled
externally. To utilise the facility it is necessary to remove terminal
links (which disconnect the internal controls from circuit) and
connect external resistors by means of remote lines if necessary.
By using resistors whose values correspond to the voltage or
current required, voltage control, current control and overvoltage
control can be effected remotely.

Nominat

vout

10 100 M5 %1

Graph 3

NOTE If remote lines are used, their resistance is to be included
in the value of the programming resistor and they should be shielded
from stray electromagnetic fields to minimise 'noise' pick-up.

3.7.1 (a) VOLTAGE CONTROL

For external control of voltage, RV101 is disconnected from
circuit and replaced by an external potentiometer or fixed resistor.
The level of the output voltage is related to the value of the
external resistance by the 100Q/V scale factor for all units.

NOTE When the voltage is reduced from the set MAX the MAX
current setting is also reduced if re-entrant current mode
protection is in use. See Graph 3.

To connect the unit for external programming of voltage the
procedure is as follows:-
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(1) Switch off AC supply.

(2) Disconnect the link across terminals 4 and 5 of TB3

(3) Connect the external programme resistor to terminal 4 of
TB3 and terminal 6 of TB2, (-ve SENSE).

(4) Switch on the AC supply.

3.7.1 () CURRENT CONTROL

For external control of current, RV100 is disconnected from
circuit and replaced by an external potentiometer or fixed
resistor. The level of current is related to the value of the ex-
ternal resistance by the Q/A scale factor which is given in Section
2 for each of the power supplies. To connect the unit for external
programming of current, the procedure is as follows:-

(1) Switch off the AC supply.

(2) Disconnect the link across terminals 1 and 2 of TB3.

(3) Connect the external programme resistor to terminals 3 and
2 of TB3.

(4) Switch on the AC supply.

3.7.1 (c) OVERVOLTAGE CONTROL

For external control of the overvoltage protection circuit, RV50

is disconnected from circuit and replaced by an external potentio-
meter or resistors. A resistance range from 0 to 3. 3KQ corres-
ponds approximately to an overvoltage protection range of

1.5V to 120% of FULL OUTPUT VOLTAGE FOR 0 -15V UNITS
3V to 120% of FULL OUTPUT VOLTAGE FOR 0 -30V UNITS
5V to 120% of FULL OUTPUT VOLTAGE FOR 30-50V UNITS

To connect the unit for external programming of overvoltage
protection, the procedure is as follows: -

(1) Switch off the AC supply.
(2) Disconnect the link across terminals 4 and 5 on the overvoltage

printed circuit board.

(3) Connect an external programme potentiometer of 3. 3K resistance
to terminals 4 (slider), 6 and 7 of the printed circuit board connector
Alternatively connect fixed resistors between terminals 7 and 4 and
between terminals 6 and 4.

(4) Switch on the AC supply.

(5) Adjust for overvoltage setting.
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3.8 PARALLEL AND SERIES OPERATION

3.8.1. Up to a maximum of 5 modular power units can be operated
in parallel, (or 3, 20A units) and should be connected as shown in
Fig. 5. For best voltage regulation, the terminal labelled 'P' on
the circuit, (terminal 6 of TB3) on each unit should be returned to
a common point, and four-terminal sensing used as described in
Section 3. 10 - but this is not essential.

NOTE When units are connected in parallei the built-in thyristor
of the optional overvoltage circuit in each unit must be made
inoperative. because it is not possible to ensure that each thyristor
will have an equal share of total current under fault condition
unless connected as shown in Fig. 6. This is done by removing the
gate connection of the thyristor either at the thyristor itself, or at
the overvoltage PC board (terminal 3).

If overvoltage protection is required, an external thyristor of
suitable rating for the total parallel current of all units should be
used. Its gate terminal should be connected to pin 3 on the over-
voltage board of one unit after disconnecting the existing gate
connection to MR102. A gate firing current of approximately 50mA
is available from pin 3. The cathode should be connected to the
common negative line and the anode to the common positive line.
Set overvoltage as in section 3. 5 All other units should have gate
connections to pin 3 removed as outlined above.

P
+S
PM t
UNIT -
—S
P
PM +S
+ - "
Decoupling Capacitor
UNIT _ if required — LOAD
-S

Fig. 5 Parallel Operations
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3.8.2. PARALLEL OPERATION WITH BUILT IN THYRISTORS MR102.
Units should be connected as shown in Fig. 6 under the conditions as
follows:

(a) If necessary each unit is to be set up separately to the required
operating conditions as detailed in paragraphs 3.4 and 3. 5.

(b) A diode of the same current and voltage rating as the power
module, must be connected in series with each output (positive end
of the diode to negative terminal of power module.)

(¢) Link the 'P' terminals 6 on TB3.

(d) Link the sensing terminal as shown in Fig. 6.

NOTE Because the forward voltage drop of the diode uses all the
allowable external iead voltage drop no extra lead length can be
allowed for four terminal sensing.

P
+S ,
PM + J
UNIT
=" <
LOAD
—\\N—
P
+
PM + T
UNIT
- <

Fig. 6 Parallel Units with Overvoltage Circuits Fitted.

NOTE R106 must be removed from between terminals -ve and -ve
sense.
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3.8.3 It is also possible to operate modular power units in series
under certain conditions as follows:-

(a) If necessary each unit is to be set up separately to the required
operating conditions as detailed in paragraphs 3.4 and 3.5

(b) A diode, of the same current and voltage rating as the power
module, must be connected across EACH power module output
(positive end of diode to positive terminal of power module).

(c) The number of modules connected in series is limited to give

a maximum of 250V DC.

3.9 OPERATION WITH OTHER POWER SUPPLY UNITS

When power modules are used in conjunction with other power
supplies of opposite polarity, provision must be made as in 3. 8. 3(b)
to protect the power module against reverse voltage conditions.

The rating of the diode used must be sufficient to carry the fault
current generated.

3.10 FOUR-TERMINAL SENSING

Where long external output leads are used, four-terminal sensing

is provided to enable the load voltage regulation of the power supply
to be maintained at the load connections. The two links between

the +ve output and the +ve sense, and the -ve output and the -ve sense
terminals should be removed and connections made as shown in
Fig.7. These output connections should be run together and a
decoupling capacitor, similar to C102 in the power supply, connec-
ted at the load terminals if the high frequency output impedance

is to be maintained. Parallel connection should be made as shown

in Fig. 8.

The maximum permissible voltage drop in the external leads
when using four-terminal sensing is 0. 5V total in both leads i.e.
0.25V in each lead +ve and -ve or 0. 5V in one supply lead with

a ground return of negligible resistance. The total permissible
length of lead for 0.5V drop is listed in Table 11 for various wire
sizes and current ratings. Note that this is the total permissible
loop length 'go and return' and that the power supply can only be
situated at half this distance from the load for a two wire +ve

and -ve lead svstem.
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PM Decoupling Capacitor if required —» LOAD

Fig. 7 Four-<erminal Sensing

P
+S
PM *
UNIT -
=S
P Decoupling Capacitor
+S if required
PM +
UNIT -
-

Fig. 8 Four-terminal Sensing (Parallel)
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Table 8 Voltage Adjustments PM44,47, 50, 53, 56.

CONNECTIONS RESISTOR VALUES
Volts|Rec|Transformer [Rec|R110|R111{R117|R118/R50 R57
out |(1) _% _4+ 2 11 +(2)

1 e T 1220 1220 |LINK 4709 91Q
) —t el [150Q[120 [100Q 470Q 919
3 —FT = . |270Q(22Q |220Q 470Q 919
4 — Il e |3902(3302 [3009 470Q 919
5 — 1 — | 5600 | LINK| 390 470Q 91Q
6 — - —~ | 680Q | LINK|4708 470Q 919
7 —T* T |820Q|LINK|560Q| 2 [470Q 91
8 —te |~ » |910Q|LINK|6802]| — [120Q 51Q
9 —te e < |+~ |9100/1802]820Q| = [120Q 51Q
10 Tt e oo « | 1.2K|LINK|910Q| = [120Q 51Q
11 —te e [ |1.2K[150Q[1K | & [470q 510
12 ot [ ote » | 1.2K[270Q|1.1K| » |470€ 510
13 —te | ot | o *|e— |1.5K[100Q/1.2K| @ [470Q 51Q
14 —te|ote [t |~ » |1.5K[220Q|1.3K' & [470Q 1500
15 o—te|ofe | ote [eto|ot— | 1.8K|[47Q |1.4K| Z [470Q 1509
NOTE

Resistors Types Electrosil TR5 +2%

R110 R111 CGS CR1.5 up to 5V +5%

R117 6V to 15V +2%

R50 Electrosil TR5 +5%

R57 Electrosil TR5 +5%
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Table 9 Voltage Adjustments PM45, 48, 51, 54,

CONNECTIONS RESISTOR VALUES
Volts|Rec |Transformer [Rec| R110|R111|R117|R118{R50 |R57
out (1) _I’ZL 9 +_3 N 1 +(2)
1 —el Tl | 220 (220 [LINK 47091919
2 —l Tt o | 1500 (12Q | 1009 4709 (91Q
3 —Jl Ittt | 2700 (220 [2209 4709910
4 —t| It =t | 390Q[332 [300Q 4709|918
5 —tel et | 5600 |LINK]|390Q 4700910
6 —F et =Lt | 680Q|LINK|470Q 4709910
7 —l Tt . | 820Q | LINK|5609 4700919
8 — I [ [ | 9100[LINK[6800] = [120€]51Q
9 —l < . | 9100[1800 [820Q| = [120@]51Q
10 — T ~ 1. 2K |LINK| 91002 | S (1200|510
11 —{ 1. 1.2K[150Q 1K | & [a70Q|51Q
12 —l T 1.2K (2709 [1.1K| B (4709|519
13 — T =t | 1.5K|100Q|1.2K| 2 |4709]51Q
14 . =1l . | 1.5K[220Q[1.3K| & [470Q|150Q
15 —T. + ~ [ 1.8K|47Q |1.4K| @ [4709|150Q
16 —T. 1], [ 1.8K|180% |1. 5K |47K |4709150%
17 —1. - | 1.8K|33082|1.8K|12K |4709 1509
18 —te |~ - | 1.8K|4709|1.8K|22K |4709150%
19 PR Y R . [o— | 2.2K[180Q|1. 8K [68K |470%|220%
20 —. L= | 2.2K 3300 2. 0K |27K |470Q 2209
21 —l| .l . | 2.2K|430Q[2.0K|82K |1.5K|220Q
22 —fe o [ =l . | 2.2K|560% 2. 2K | 33K |1.5K|220%
23 —F . —~ [ 2.7K|220Q [2. 2K | 100K | 1. 5K | 22082
24 —F = 9 .l. | 2.7K|330Q|2.4K|33K |1.5K |220%
25 —t et ~ti— | 3.0K|180Q 2. 4K |100K | 1. 5K | 3309
26 o ole [o ~ | 3. 3K|LINK|2.7K |27K |1.5K|330Q
27 el ote |- o= [ 3.3K|120Q (2. 7K |47K |1.5K 3308
28 —fe [ o= = | 3.3K|270% |2. 7K 120K | 1. 5K | 3309
29 JRE ) P B Y - | 3.3K[390R2 3K [33K |1.5K|330Q
30 e—fo| ot |ole | o= |o/— | 3.3K|51092[3K |56K |1.5K|330%
NOTE
Resoeion Types Electrosil TR5+2%
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R118
R50
R57
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CGS CR1.5 up to 5V +5%

6V to 30V +2%
Electrosil TR5 +5%
Electrosil TR5 +5%
Up to 18V Electrosil TR5 +5%
19-30V Welwyn W21 +5%

Tableé 10 Voltage Adjustments PM46, 49, 52, 55.

CONNECTIONS RESISTOR VALUES
Volts|Rec|Transformer |Rec|R110/R111|R117 |R118|R50 [R57
out |[(1) -4(1 _6+ §+l (2)
30 il =Fe , |3.3K[510 [3K 56K |1.5K|330
31 | " [ | "Ft=ttel . [3.6K[330 [3K 160K [2.7K[390
32 T I Tt = . |3.6K[470 [3.3K B9K [2.7K|390
33 T T t=tele o+ |3.6K[620 |3.3K BSK [2.7K|470
34 T |'T=F | , [3.9K[470 |3.3K P20K|2.7K[470
35 T [TF - |3.9K|560 |3.6K H7TK |2.7K[470
36 T T o|ot— |2.4K|[1.2K[3.6K B2K [2.7K|470
37 T* Fte] ., [2.7K[2.0K]|3.6K R20K|2.7K[470
38 1 e - [2.7K[2.2K|3.9K B6K |2.7K|560
39 T *]. |- |3.0K[2.0K]|3.9K P1K |3. 3K]|560
40 —T°° - |3.3K|1.8K]|3.9K B30K]3. 3K|560
41 — — [3.3K|2.0K|4. 3K #7K |8. 3K|560
42 —* **ToFl . [3.6K|1.8K|4. 3K B8K |3.3K]|560
43 —te e oo - |3.3K|2.2K|4. 3K [120K|3. 3K|560
44 —te o [oto|e— [3.6K]|2.0K|4. 3K B30K|3. 9K|560
45 T T 31— [3.6K[2.2K|4. 35K 3. 9K [680
46 — (] —» [3.9K|2.0K[4.45K 3. 9K | 680
47 —{T]* *]or— |4.3K]1 8K|4.55K| & |3.9K]|680
48 T T T T=Ft— |4.7K|1.5K|4.65K @ |4.3K|680
49 —re il * |4.3K|2.0K|4.75K| & [4.3K|680
50 el il |4.3K|2.2K|4.85K| Z |4.3K|680
NOTE Resistors Types
R110 R111 Electrosil TR5 +2%
R117 CGS CR1.5 30 and 31V +2%

32V to 50V +1%
R118 Electrosil TR5 +5%
R50 Electrosil TR5 + 5%
R57 30-32V Welwyn W21 +5%

33-50V RVW4-J +5%
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Table 11 Permissible lead length for four-terminal sensings.

Wire Lead Length
(feet and metres)
Size PM44, 45 | PM47,48]) PM50, 51 | PM53,54 | PM56
46 49 52 55
ft m ft m ft m ft m ft m
7/0076 19 6
14/0076 | 38 12 13 4
23/0076 | 60 18 20 6 12 3.5
40/0076 68 21 21 6.5 10 3
70/0076 37 11 18 5.5 9 2.7
110/0076 58 18 29 9 14 4.5
162/0076 43 13 21 6.5
OVER
VOLTAGE ____
PROTEC.
- recrren | ss2 CIRCUIT
AND
|_I SMOOTHING
FS1
L [ 4
S
N O—— g
€ =
| jOUT
) AUX + SEN.
SUPPLY
-

‘jSEN.
-0ur

Fig. 9 Functional Diagram of Power Unit
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4.1 GENERAL

A simplified functional diagram of the circuitry of the power unit
is shown in Fig. 9. The voltage and current modes of operation are
controlled by two independent bridge circuits. Any variation of
load current or output voltage produces an out-of-balance condition
of the associated bridge. The output of the bridge is applied to a
comparator amplifier whose output is fed into a mode gate. The
output of the mode gate controls the output resistance of a series
regulator which (assuming the initial variation was within the pre-
sent operating limits of the unit) restores the original mode
conditions.

The circuit cannot operate in both modes simultaneously, and only
the control signal from the bridge corresponding to the mode of
operation passes through the gate. Crossover from one mode to
another is automatic, and the point of crossover is determined by
the settings of the two controls SET OUTPUT VOLTS (RV101) and
SET OUTPUT CURRENT (RV100).

An auxiliary stabilised power supply is also incorporated. This
supplies the bridge circuits and the comparator amplifiers; to
simplify the functional diagram, the output connections of the
auxiliary supply are not shown. Overvoltage protection is afforded
by a sensing circuit connected across the stabilised output terminals
The level at which the circuit operates is controlled by the setting

of a potentiometer.

4.2 SUPPLY RECTIFICATION AND SMOOTHING

The AC input voltage within the range 100V-125V and 200V-250V,
48Hz to 450Hz is applied, via the terminals of TB1, to the primary
of T1. Interconnection of the primary terminals for different
voltage supplies is given in Section 3. 2.

The transformer has five secondary windings. The output voltage
derived from one winding is used for the auxiliary supply. This
AC voltage is full-wave rectified by MR1 and MR2 and smoothed
by R1, C1 and C2. The output voltage of the other windings
connected as per Section 3.6 is applied to the bridge rectifier
MR100 and then smoothed by C101. The resultant 'raw' DC is
protected by fuse FS2 and then applied to the series regulator.
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4.3 SERIES REGULATOR

The series regulator contains transistor VT100 and transistor VT101
(which may consist of several transistors in parallel) arranged in
a Darlington-pair configuration. An increasing positive signal
applied to the base of VT100 decreases the output resistance of
the circuit; conversely, a decreasing signal increases the output
resistance. Each transistor in VT101 has a separate resistor

in the emitter circuit to provide current sharing between tran-
gistors. The voltage developed by the flow of 1load current through
the resistor R101 is connected across a common potential divider
network of resistor R102 and R103 to provide a voltage signal
nroportional to the output current which is standardised at 0. 85V
yor 100% output current.

4.4 BRIDGE REFERENCE SOURCES
Two zener diodes, MR4 and MRS5, are used as reference sources
n the voltage and current bridges, respectively.

These diodes are connected in series with the resistor network of
R10, R11 and R12 across the auxiliary voltage supply line, and
MR4 is also used as the reference for the stabilising circuitry of
the auxiliary voltage supply. The flow of current through the two
diodes is determined by accurate adjustment of the value of the
resistor network. This level of current is maintained by the
stabilised auxiliary voltage.

4.5 STABILISATION OF THE AUXILIARY SUPPLY

Stabi lisation is effected by the sensing network R5, R6 and R9

and the associated circuitry of the transistors VT1 to VT4. A
proportion of any change in the auxiliary voltage is fed to the base
of VT3 which is in a long-tail pair configuration with VT4.
Assume that the voltage across the sensing network tends to rise.
An increase in the voltage drop across R6 occurs. This increases
the base voltage of VT3 which is compared with the fixed base
voltage of VT4 establised by MR4. The resultant positive increase
of the collector potential of VT4 decreases the conduction of VT2:
the emitter voltage of VT2 is fixed by Zener diode MR3. As a
result, the decreased conduction of VT2 reduces the base drive
of the series regulator transistor VT1. Thus, the resistance of
VT1 increases and counteracts the initial tendency of the output
voltage to rise. Resistor R4 ensures initial conduction of VT1.
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4.6 VOLTAGE CONTROL BRIDGE

The circuitry which senses any tendency of the output voltage to
change is shown in a bridge configuration in Fig. 9 and the
Circuit Diagram Fig. 12. Any unbalance of the bridge is detected
by the long-tail pair VTS5 and VT6 which operate as the voltage
comparator amplifier. The two diodes, MR6 and MR7, connected
from the base of VT5 to the base of VT6 protect the two transis-
tors against heavy dishcarge current from C102 if the capacitor
is in a charged condition when the sense lines are connected.

As shown in Fig. 9 the resistor network R14, R15, and R16 and
RV101, R117 and R118 form two arms of the voltage control
bridge. When the bridge is balanced, the voltage condition is as
follows: -

VMR4 - V (R14+R15/R16)

\Y%

V ®RV101+R117/R118) ouT

For VourT to equal (RV101 + R117/R118) at all settings of RV101,
R117 and R118, the output voltage must be a direct function of the
resistance of RV101, R117 and R118.

4.7 VOLTAGE CONTROL

With the bridge balanced, the circuit will remain in equilibrium
until the output voltage tends to change. Any change in output
voltage across the load is fed back, via the positive sense line

to the base of VT6 where it is compared with the base voltage of
VT5. The resultant change of level of the collector voltage of VT5
is applied to MR8 which with MR9 forms the mode gate. A change
in signal to MR8 results in a change of output resistance of the
series regulator in such a direction as to counteract the original
change in voltage.

4.8 CURRENT CONTROL BRIDGE
The circuitry forms a bridge configurati on as shown in Fig. 10
and the Circuit Diagram Fig. 12.

The output current in passing through the R101's in parallel
provides a voltage signal proportional to the output current
which is divided down to a standard level by resistors R102 and

33
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R103 in parallel with R104. This signal is compared with the
voltage generated across RV101 by the current i 1 (which is the
sum of currents i 9 and i_) by the long-tail pair VT7 and VT8
operating as a comparator amplifier,

When the power unit is operating in the current mode the voltage
amplifier is inoperative and the current bridge is in a balanced
condition. The voltage conditions are then as follows: -

IOUT x R101| R103/R104 = i1 x RV100
R102+ R103/R104
ie. I = i
OUT K x 11 X RV100

OUTPUT

SWITCH ON
CIRCUIT

-5V AUX.

Fig. 10 Current Control Circuit
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4.8.1 RE-ENTRANT CURRENT MODE
ig is supplied from the -ve auxiliary supply (MR5) via R20, R21
and R22 and therefore is essentially constant under all output

voltage conditions. ip is supplied from the*-ve output line via
R119, R111 and R110 and is therefore proportional to output

voltage.

As the load resistance changes from a high value R,y through the
critical value R; (where the power unit changes from voltage
controlled to current controlled operation) to a low value R, the

output current falls at the same time as the output voltage falls as
shown in Fig. 11,

At the limit, i.e. short circuit load
Vour = 0

hence i2 = 0

and therefore

i1 = ig
and therefore for balance
IouT = K xig x RV100

ig therefore sets the maximum short circuit current from the unit,.

K00} e -

o 10%, Iour 100% 1067

Fig. 11 Output Voltage plotted against Output Current in Re-Entrant Mode
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4.8. 2 CONSTANT CURRENT MODE

In the constant current mode i_ is disconnected and the output
current is therefore proportional to i_ only and is therefore
essentially not affected by the output voltage.

4.8. 3 SERIES SWITCH-ON CIRCUIT

Due to the re-entrant circuit protection it is not possible to
connect two or more power supplies in series with a common load
current. It has therefore been necessary to modify the character-
istic at switch on so that for approximately 200mS the supply will
go into a constant current mode, this being the time the supplies
take to stabilise their voltages.

At switch on the output voltage is zero, and hence without the
switch-on circuit

11 = 13

OUT K x i3 x RV100

10% of output current

and therefore 1

To overcome this problem the current i_ is provided via the
switch-on circuit for the first 200mSec.

Now as C103 is charging at switch on VT102 is biased on, hence
R119 is connected via VT102 to MR101 which in conjunction with
MRS5 forms a -2V supply. Hence R119 has the same i_ flowing as
if the output voltage was stabilised at full output, and ﬁence the
current will be held constant at I for APP. 200mS the
charging time of C103, R114. 2%

VT102 is biased off when C103 has charged and has no further
part in the circuit.

4.9 CURRENT CONTROL

With the bridge balanced, the circuit will remain in equilibrium

until the output current tends to change. Any change of load

current changes the voltage drop across resistors R103, R104

with respect to the base of VT8. A proportion of this voltage change
is applied, via RV100 to the base of VT7. The resultant change in
the level of the collector voltage of VT8 is then applied. MR9 which
with MR8 forms the mode gate. A change in signal to MR9 results in
a change of output resistance of the series regulator in such a
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direction as to counteract the original change in current

4.10 MODE OF OPERATION

The mode of operation of the power supply is determined by the
load conditions and the setting of the voltage and current controls.
Automatic crossover from one mode to the other is depicted in
Fig. 11 and occurs at the value of load resistor designated R.
The value (in ohms) of the load resistor R is obtained by dividing
the voltage (volts) set by RV101, R117 and R118 and the current
(amps) set by RV100. When the power supply is connected to any
load R, whose resistance is more than R the mode of operation
is constant voltage. When the resistance of the load decreases

to any value R, below R¢ the mode of operation is re-entrant

or constant current.

During either mode of operation, both comparator amplifiers
produce output voltages which are applied to two diodes in the
mode gate. Diode MR8 is controlled by the output of the voltage
comparator (collector of VT5), and diode MR9 is controlled by the
output of the current comparator (collector of VT8). The diode
which conducts is the one receiving the higher output voltage.

The output from the conducting diode is amplified by VT9 and
then applied, via the emitter-follower VT10, to the series
regulator. Except for a brief transitional period at crossover,
both diodes do not conduct simultaneously; thus, it is always the
higher output of the two comparators which controls the resistance
of the series regulator.

NOTE that VT9 introduces polarity inversion, and a high positive
output from the mode gate produces high resistance of the series
regulator.

The crossover action is best understood by considering the
operation of the control circuits as the resistance of the load is
decreased from a high value of R, to a low value below R,. At
first, with a very low load current flowing, the collector voltage
of VT8 is very low because the voltage developed across R103,
R104 is low, and the resultant low base voltage of VT7 allows VT8
to conduct heavily. At the same time, the collector voltage of VT6
is high because with low load current the stabilised output voltage
tends to rise, but is held at its predetermined level by heavy
conduction of VT6 which results in a high positive potential at

the collector of VT5. Thus, of the two signals applied to the mode
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gate, the signal from VTS5 will take control and effect the high
value of output resistance required of the series regulator.

As the resistance of the load is decreased, VT'7 senses the
increased voltage drop across R103, R104 and increases conduc-
tion. This decreases the conduction of VT8 and its collector
potential rises. Simultaneously, the collector voltage of VT5
decreases in order to reduce the output resistance of the series
regulator so that the higher load current may flow.

This action of the collector voltage of VT8 rising and that of VT5
falling as the resistance of the load decreases continues until at
the crossover point the signal from VT8 takes control and a rapid
transition from voltage mode to current mode occurs. The output
supply voltage of the unit then falls to the level required to sustain
the preset current level. This rapid transition from voltage mode
to current mode provides overcurrent protection.

4.11 OVERVOLTAGE PROTECTION

The overvoltage protection circuit uses a long-tail pair comparato:
circuit containing transistors VT 50 and VT51. The input to the
base of VT51 is derived from R55 which with R54 forms a potentia
divider across the stabilised output supply. VT51 base voltage is
compared with the base voltage of -VT50 derived from the potentio-
meter RV50 connected across a Zener diode reference source
MR50. The level at which overvoltage protection is required is
effected by the setting of RV50; because this level is obviously
above the stabilised output voltage, the normal quiescent condition
of the long-tail pair is such that VT50 is conducting much more
than VT51. In practice, the overvoltage limit is set approximately
10% above the level of the stabilised voltage. If the stabilised
output voltage rises above the level set by RV101, transistor

VT51 conducts and drives VT52 into heavy conduction. The base
voltage of VT52 is fixed by the Zener diode MR51; consequently,
VT52 provides a constant current via R57 to the gate electrode

of SCR MR102 which fires and produces a short circuit across

the terminals of the stabilised output supply.

4.12 EXTERNAL PROGRAMMING
As explained during the description of the voltage and current

control bridges, the balance conditions of the bridges are such that
the following conditions exist.
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(1) The voltage across the resistance of RV101 (SET OUTPUT
VOLTS) is equal to the output voltage. A change of resistance of
RV101 produces a directly proportional change of output voltage.
(2) The voltage across the resistance of RV100 (SET OUTPUT
CURRENT) is equal to the voltage across resistors R103, R104
which, in turn, is directly proportional to output current. A change
of resistance of RV100 produces a directly proportional change

of output current.

Thus, resistance-output voltage and resistance-output current
relationships exist, and these are expressed as /V and Q/A scale
factors, respectively. By disconnecting the variable resistors from
circuit and in their place connecting ~ by remote lines if necessary -
fixed or variable resistors, the output voltage or current level can be
set by altering the value of resistance. The advantage of this circuit
facility is that without any monitoring or metering aid, the voltage
and current level can be set simply by the value of resistance in
circuit. The method of connecting the unit for external programming
of output voltage, output current and overvoltage protection is
detailed in Section 3.
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Maintenance Section b

5.1 ACCESS TO COMPONENTS

All components, except those mounted on the printed circuit
boards, are accessible after removing the front panel (held by
fixing screws) and detaching the heat sink assemblies from the
side bars. Access to the components on the printed circuit board
during operating conditions may be obtained by removing the board
and connecting it to the socket in the unit via an extension board
(Advance Part No. 19014).

NOTE The printed circuit boards must not be removed from the
modules without first switching off the AC supply.

5.2 REPLACEMENT SERVICING OF PRINTED CIRCUIT BOARDS
The control boards used in any of the units in the PM44-56 range
are interchangeable. The Overvoltage Boards, if fitted in the
units,are also interchangeable.

The extension board is available as a servicing aid. This board
can be used as an extended connector for any printed circuit board
in the entire range PM44-56 of modular Stabilised Power Supplies.

All boards are available as spare parts, and the following Advance
Part No. should be quoted when ordering.

(1) Control Board Advance Part No. 26521
(2) Extension Board Advance Part No. 19014

5.3 FAULT FINDING
Determine the state of the output voltage ON LOAD and proceed
as outlined in Table 12.

Table 12. Fault Finding Chart

Output Voltage Fault Action

No Output Input Fuse blown Change fuse.
MR100 open circuit{ Change MR100

FS1 blown AND OR | Change fuse. Check
FS2 circuit for cause.
VT1 may be short
circuit.

DC LINK OPEN Refit
CCT
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Table 12 Fault Finding Chart (Cont)
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High unstabilised output )

High Ripple

e’ vew” s S e’ e

Excessive Output Current

open circuit
MR102 has fired
(if fitted)

RV100 Set Low
Re-entrant Links
o/c

Printed circuit
board faulty

VT100 short
circuit

VT101 short
circuit
Printed circuit
board faulty

Programming link
TB3 2 & 3)o/c
Programming link
Resistor o/c
Re-entrant links
in for constant
current operation

Output Voltage Fault Action
VT101 open cir- |Change VT101.
cuit
RV100 fully anti | Re. Adj.
clock
Printed circuit Replace with new
board out of assembly.
socket or faulty
Low Output MR100 partially |Change MR100

Check external circuit
for overvoltage.
Readjust

Replace

Replace with new
assembly.

Change VT100
Change VT101

Replace with new
assembly. Check to
see why MR102 has
not fired. If fitted.

Replace

Replace
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5.4 MEAN TIME BETWEEN FAILURES

The figures quoted below are estimated from data currently
available from international sources. These estimates are based
on continuous operation at maximum temperature, output voltage
and current, and will improve appreciably if units are operated in
less arduous conditions. An indication of the possible improvement
can be obtained from the accompanying graphs.
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Guarantee and Service Facilities Section 7

This instrument is guaranteed for a period of one year from its
delivery to the purchaser, covering the replacement of defective
parts other than tubes, semiconductors and fuses. Tubes and
semiconductors are subject to the manufacturers' guarantee.

We maintain comprehensive after sales facilities and the
instrument can, if necessary,be returned to our factory for
servicing. The Type and Serial Number of the instrument should
always be quoted, together with full details of any fault and the
service required. The Service Department can also provide
maintenance and repair information by telephone or letter.

Equipment returned to us for servicing must be adequately
packed, preferably in the special box supplied, and shipped with
the transportation charges prepaid. We can accept no responsi-
bility for instruments arriving damaged. Should the cause of
failure during the guarantee period be due to misuse or abuse
of the instrument, or if the guarantee has expired, the repair
will be put in hand without delay and charged unless other
instructions are received.

OUR SALES, SERVICE AND ENGINEERING DEPARTMENTS
ARE READY TO ASSIST YOU AT ALL TIMES,

Printed
in England Manual Part No26274
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