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INTRODUCTION

~_The initial development of . the NZBC range of I.C.
regulated power supplies is described in report F10291 "The
Development of an I.C. Regulated Power Supply" (July 1970).
For convenience this report will be referred to as "ref. 1",

_ The power supplies use the type A4-10084/2 "Universal
Voltage Regulator™ PC board. Applications of this PC board
are outlined in the "Application Manual for the Universal

+ + Voltage Regulator" (NZBC Report F10500, October 1970).  This

report will be referred to as "ref. 2",

~ The PC board configuration given in ref. 2 and in this
manual supersedes that in ref. 1. ~ ‘ '




2.  POWER SUPPLY CLASSIFICATION

, NZBC I.C. regulated power supplies are. distinguished by
a model number such as "FS3A4" where "PS" stands for "power
supply", 3A indicates that the d.c. current rating is 5> amps.

~and "an shows that the d.c. voltage is in the fourth voltaﬁe
range. - The voltage ranges are:=—

1) 2 = 7 volts

.2)‘ 7 - 15 voits
3) 14 - 22 volts
4) 21 - é8 volts :

») The selcctlon of voltage ranges was 1nfluenced by the

need to have a division at 7 volts (section 3) and also the
need to limit the thermal dlSlpatlon of the regulatlng ‘
transistor (section &y,



3.  CIRCUIT DESCRIPTION AND OPERATING PRINCIPLES -

, A differential amplifier is used to compare the oubput
voltage (or a fixed fraction of it) with a reference voltage
(or a fixed fraction of it). Any difference between the two
voltages is used to apply negative feedback to the series
regulator thus tendirg to keep the two voltages equal N
(ref. 1, section 5.1). The reference voltage used is about
7 volts. For a power supply giving less than 7 volts it is
‘necessary to take a fraction of the reference voltage using
a simple voltage divider and to compare it with the output
voltage. TFor a supply giving more than 7 volts it is necessary
to take a fraction of the output voltage using a simple -
voltage divider and to compare it with the input voltage.
This means that slightly different circuits must be used for
supplies below and above 7 volts and there must be a division

. in voltage ranges at this point (section 2). :

h,’) : - For a detailed explanation .of power supply operatibn
et - refer to refs. 1 and 2.

The following diagrams show the relationship between the
Universal Regulator and the modular supply both above and .
below 7 volts. The corresponding circuit didgrams 10,279/1 & 2
complete the section. _ - ’
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3.0 Above 7 Volts.
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MECHANICAL CONSIUERATIOV”

, Thc pover supplies conform to the NZBC 8943 modular
system. All power supply modules utilise the maximum

‘module depth of 11¢ inches and are 51 inches high (3 modular

height units). The width of the modules is a function of
current rating but is 5} inches (8 modular width units or %
of a rack width) for the 3 amp power supplies..

>

The size of the power supply module is largely determined
by two factors; the size of the transformer and the size of

" the heatsink. The size of the transformer is a function of

the product of current and of output voltage. The size of

-the heatsink is a function of the product of current and of

the voltage drop in the series regulator.

The heatsink is located at the baCk of the module and a

‘metal heatshield is used to ensure that the flow of hot air

avoids the equipment immediately above the module.

The plug on the rear of the module 1g<the MclMurdo Red
Range 16 pin RP165M. The corresponding rack socket is the
McMurdo R516SM. The wiring of this socket is discussed in
the next section.

In order to reduce the possibility of nlug ing a module
into thé wrong socket the plugs and sockets.are mounted in

‘dlfffrent manners for dlfferent voltage ranges:

Plug and Socket

NomihalAVoltage '~ Plug and Socket Location (viewed
o o : Orientation from the front)
0~ 7 Terminals 1& 9  Right
' . ’ at top : ST
7 - 14 : Terminals 1 & 9 ."Right
' at bottom ‘ o
M - 21 - Terminals 1 & 9 ..,;Left
- . - at bottom .
21 - 28 Terminals 1 & 9 Teft
' . : at t0p : '

In order to indicate the presence of mains voltage a

polarising pin is used next to the bottom of the left hand

socket p051tlon (viewed from the front)



5.  EXTERNAL WIRING

Txternal wiring is made to a McMurdo Red Range 16 pin
'RS168M socket. The socket is mounted as is descrlbed in ‘the

previous section.

The wiring of the soéket'is as follows:-

,i) 

SUPPLIES UNDER 7 V.

NEUTRAL

qé' -
EARTH o 2
pe(=) Ly pel+)
I IQ . ;{ -
.3 s

PHASE

SUPPLIES OVER 7V

NEUTRAL
EARTH

L___———-—,'.

DC<-) '——— ]

It should be noted that the power supply

3 5.
'I[‘__ [
15 7.
]m 2
will be

floatlng unless elther DC(+) ‘or DC(-) is earthed.

 The- W1r1ng of the socket for special appllcatlons is
11 and 12.

considered in sections. 8 g9, 10,

PHASE

pc(+)



6.

INSTALLATION AND ADJUSTMENT

"~ The McMurdo socket should be mounted and wired as
described in the previous two sections. :

Before plugging the power supply into the socket or
making any adjustments the mains should be switched off,
the d.c. terminals should be open circuited and the "set
foldback" control on the front panel should be turned fully

- clockwise. ‘

6.1 To Set The Output Voltage

- After carrying out the instructions in the previOus
paragraph: : ‘

1) Plug the power supply into its socket.

2) Connect a d.c. voltmeter to the "Check Volts"

_terminals on the front panel. :

%) Switch the mains on. The !"D.C. Volts" lamp
‘should glow. ~ ’

4)) Set the output voltage using the "set Volts"
/. control on the front panel. (A clockwise rotation
I increases the voltage and also the “brightness. of the
"~ "D.C. Volts" lamp. ' :

6.2 To Set Thé Foldback Current

1) Attach a load resistance to the d.c. output
terminals of the power supply.  The load must be
one which will not draw more than the rated current
as specified on the front panel. o -

2) Adjust the load until the power supply is delivering
. the required current (if the power supply has no

ammeter on the front panel it will be necessary to

insert one into the d.c. load line). ,

3y Turn the "set foldback" control on the front panel
anti-clockwise until there ‘is a very slight reduction
in the d.c. output voltage. '

4) . Turn the "set foldback" control slightly clockwise
‘ ~ until the output voltage has just increased to its
former value. o - :



70

CURRENT FOLDBACK

The "current-foldback" facility is intended to prevent
excessive heat dissipation under short circuit conditions
(ref. 1, section 10.2). As the load resistance is reduced
the current in the load will increase until it equals the
preset foldback current level, it will then commence to

- decrease. The short circuit current will be about one third

of the preset foldback current.

The method -used to set the foldback current is outlined
in section 6. .

When a power supply has "folded back" the "D.C. Volts"

- lamp will extinguish and the ammeter will register only about
one third of the normal operating current. . : ‘

. 'There are at least two conditions which may make the use
of current foldback unsuitable. : : ‘

1) When units are operated in "auto-series" (section 9)

-+ - an unstable foldback may occur. This could lead %o a
reverse voltage being placed on one of the units and a
possible failure to recover when the short circuit is

removed.

- 2) When used with lamp loads a permanent foldback could

occur owing to the short-circuit presented by cold lamp
filaments. '

It should be remembered that one of the advantages of
the current foldback circuit is that it is self-resetting
'when_the'cause.of the foldback is removed. ‘ -
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AUTO PARALLEL OPERATION

An introduction to auto-parallel operation is given in
ref. 1, section 7.1.

Auto-parallel or automatic-parallel operation of power

“supplies permits equal current sharing by such supplies under

all load conditions and allows complete control of the d.c.
output voltage of the auto-parallel ensemble using only the
voltage control of the Master supply. The voltage controls
of the Slave supplies become inoperative. It is unnecessary
to alter the internal circuitry of the power supplies for use
in auto-parallel, but the MclMurdo sockets must be rewired.
When the sockets have been correctly. wired the Master and
Slave  supplies will be interchangeable.

The McMurdo sockets are wired as followsﬁ?iV

8.1 ‘Supplies Under 7 Volts

—

4

MASTER , : wg_(s) |
NEUTRAL [Tq—""7TIPHASE  NEUTRAL[ TS “TTL_PHASE
E/?R'IH —l e 9 - | Eagr;e_.;_,_t‘ Tl R
b 1y bt bel)| T MG
]tz b [ ] 12 3 l
YE 5. ' 13 5.
e € ' 1l x
(s 7 .;5 | 7.
§%=><=:§i ' 16 )
pC (=)  oc(#) o
S | L. T0 ANY OTHER

SLAVE SUPPLIES |



. 8.2 Supplies Over 7 Volts .

MASTER CSLAVE(S)
. NEUTRALITE —TIPHASE  NEUTRAL[L g - T kHAsE
"EF:?R’.FH-._’_.;Tlo 24 o ’ Ehg‘l'!:i___.ﬂt,o. o : 2
be@ L 3 Rl de)| 4y lbe®)
iz Yk Lz a,l
(3. - 1'3 5
S 1l 6 I
15 7. » “-js '
1€ & 16 8
ipc) pe(+) . T0 ANY OTHER
. | : ~ SLAVE SUPPLIES



- AUTO SERIES OPERATION

An introduction to auto-series operation is given in
ref. 1, section 7.2. o

Automatic-series operation of power supplies permits
equal or proportional voltage sharing by such supplies under
all load conditions with complete control of the d.c. output
voltage of the auto-parallel ensemble using only the voltage
control of the Master supply. :

- It is unnecessary to alter the internal circuitry of
the power supplies for use in auto-series but the lclMurdo
sockets must be rewired. When the sockets have been correctly
wired the Master and Slave supplies will be interchangeable.

The McMurdo rack sockets are wired as follows:~

9.1 Supplies Under 7 Volts

SLAVE | MASTER
NéUTRﬁL_,,g T T1PHASE  NEUTRAL [T : Tl _PHASE
EHSTH._"ﬂo 1y CERRTH L., ,
De-) Ly abe® o pel| 3l De(H)
ll?_ : [‘_l ]qz ] . l’_[ )
o |3 Se E ' E |3 [
. of[‘_ : o €e . ' ° “&- €.
P y s
(¢ 8 - F_<gi




®

Under no circumstances should the voltage between
terminals 11 and 8 on a Slave supply exceed 7 volts.

The voltage contributed by the Master supply is set by
using the voltage control on the Master supply. The ratio
between voltages contributed by the two supplies is approximately
equal to RA:RB. Resistors RA and RB should have a power '

. rating at least 10 times their actual dissipation and should
‘be selected so that the current through them is in the order

of 5 mA. Resistors RA and RB may be replaced by a suitable
potentiometer. : : : :

9.2 - Supplies Over 7 Volts

SLAVE : MASTER
NEUTRAL [ T PHASE  NEUTRALI —1_PHASE
Eﬁkqﬁ—_jyo- 24 EﬁRTHg;T,o 2 |
pecd) 1, 3 4Re®  pe(d |, 2 LD (+)
Lz 41 lnz ~yJ
| ‘ o
! ——.'3 g o .'3 5 e
Tl € * i ¢ —
IIS' 7. llS’ 7"
16 & NERL %
RB RA
1
| DR

LOAD
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‘REMOTE SENSING

Normally a power supply achieves its opbimum load and
line regulation, its lowest output impedance, drift, riprie

- and noise and its fastest transient recovering performance
- at the power supply output terminals. If the load is

separated from the output terminals by any lead length, some
of these performance characteristics will be degraded at. the
load terminals to a degree which depends apon the impedance

of the load leads compared to with the output impedance

of the power supply.

- With remote error sensing it is possible to connect the
feedback amplifier directly to the load terminals wherever
they are, thus giving optimum performance at the load.

(ref. 1, section 7.3). : ‘

When using remote sensing it is unnecessary to alter
the power supply. The lMclMurdo socket should be wired as in
previous sections of this Manual except for terminals 3, 4,

" 11 and 12 which should be wired‘as follows:-

LoAD

NEUTRAL__ [T T — PHASE
EARTH _{ 10 .
- R ’ .
pe(-) y 2 pc(+) 4+ L0AD CURRENT
+REMOTE SENSING
\{i i REMOTE
. . ,ff)-asmors SENSING

" —LOAD CURREN T

‘When the Remote Sensing facilities are not being used
it is necessary to link 11 to 12 and 3 to 4.

The Remote Sensing leads carry a very small current and
will sense the load voltage accurately as they will suffer no-
significant voltage drop; this means that the voltage drops
in the long load current leads will not impair the performance
of the power supply. : :



-1, REMOTE PROGRAMM.ING WITH RESISTANCE CONTROL

This permits the output voltage to be controlled using
an external potentiometer (ref. 1, section 7.4). The voltage
control on the front panel becomes inoperative. No external
reference voltage is needed and it is not necessary to alter
the power supply. The socket is wired as follows:=-

11.1. Supplies Under 7 Volts

NEUTRAL T —_PHASE
EARTH _ | o o, : '
| pc(-) 0o 3 H— DC(#)
5 it
‘13 s

ell 6 o

6 g .

(1)

1M.2 Supplies'0ver 7 Volts

. : ]
P .

NEUTRAL __[ 72

| . PHASE
EARTH __ | 10 2
A
be(-) " 3 De(+)
1 Pt
* 13 (-3 . .
RS
LR ) 6 ol o
'.!S ’ 74
— 6 % o
. )x RACA T
o] S
° - I l N

R3

N e e et AR o s s .

IR i

S
T g



12.  REMOTE PROGRAMMING WITH VOLTAGE CONTROL

This permits the output voltage to be made equal of

~proportional to an e
It is not necessary

xternal voltage (ref. 1, section 7.4).
to alter the internal wiring of the

power supply but the rack socket must be wired as follows:-

12,1 Supplies Under 7 Volts

NEUTRAL _1oq 7 j— PHASE
EARTH  _lyip g o
pC(+) 1-_PC (*‘)

v 3

..I“ :
2

56

]

o o +V REFERENCE,
(EQUALS QUTPUT
VOLTAGE) MUST
BE UNDER TW.

' The voltage control on the front panel becomes inOpefative.

12,2 Supplies Over 7 Volts

NEUTRAL __ T3

L PHASE
EARTH __jjo 24 ’
pel~) . ——_[u 3]———fpc(+) '

12 b

.13 g .

’ o -FV REFERENCE.

oIl € o (PrOPORTIONAL TC

. 5. " OUTPUT VOLTAGE).

I 6 MUST BE UNDER 7V.

’ : 8 . . . .

_ The voltage control on the front panel may be used to -
adjust the ratio between the output voltage and the reference

ar T A ey oy k]
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13,

1.”,tranSJotor (on the heatsink) and the PC board If the power .

vMAINTBNANCE

® W = oo o I

"If the "D.C.. Volts" lamp on the power supply front ‘panel
extlnoulshes it may be becauqe'-

1) The fuse has blown

A2)" The unit is in foldback, in this case the current meter

will indicate a small current (see section 7) and- the
fault vill be outside the power supply.( :

3) A component within the power supply hasnfailed.

CIf possibilities 1 and 2 have been eliminated there will
be two areas in which % may have occurred, viz, the power

transistor is found to be satisfactory then the PC board
should be replaced and the power supply installed and
re-adgusted as in sectlon G. '

‘The printed circuit board is known as the Universal

~Voltage Regulator (NZBC 10,084/2). The layout of . components
is shown in the attached draw1ng 10 ,084/3, .

4

The components used are as follows:é‘

0omms 1 I00§F 40 volts

A
2‘.  Open : ‘/fn‘i‘ c2 .1§pF'liotvoits
5 OOmms B - C3 o.ooazpFi .
4. Open _ G4 16uF 40 volts
5 ‘ Q Ohms - a Open
6 Open ' b 0 Oms
7 Open - c Open
8 - Open d o) Ohms ]
9 100 Ohms 0.25 watt -
RﬂQ.‘ O Ohms - m RCA 50409
R114 o 62A0hms 0.5 watt o Dﬁ v Phiiips BZY9S-C§9‘
R12 100 Ohms 0.25 watt 101 ,Féirch11q7FUA7250
R13  Open N KT
R14  Open

'R15 270 Ohms 0.5 watt

Ay .
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