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INTRODUCT ION

The H60/50 is s requlated D.C, powsr supply giving
either constant veltage or constant current output.
Lhangaeover from ene mode of operation to the other is
automatic and the poirt et which ct .ngeover takes place
is continuously edjustable from 0 - 60 volts and 0 - 50

amps by meaans of the front panel controls. Indication
of output is by means of two front panel meters, ons
measuring output voltage and the other, ocutput current,

The supply will operate from mains inputs of 220 or

240 volts 50/60 Hz, (Units to operate from 110 volts
50/60 Hz can be supplied on request).

Since the H60/S0 is a physically heavy unit and can
be operated in several different modes, the following notes
on installation and operation should be carefully read and

understocod before use.



SPECIFICATION

INPUT

- 0 - 220 . 240 Volts 50/60 Hz & 74%
23A R,M.5. Approx. at 240 Volts input (full load).
25A R.#,5, Approx, at 220 Volts input (Ffull load),
(Gr request 0 - 110 Volts 50/60 Hz % 7%%
50A A, M, 5, approx,},

T
ouTPuT: Constant voltage or constant current, variable

from U0 = 60 veolts and 0 - 50 amps,

LOAD REGULATIOH:

CONSTANT VOLTAGE - Less than ,01% + 200 uV for
a zero to full load changs,

CONSTANT CURRENT - lLess than ,01% + 2.4mA for a
change in load resistance from
zero to Full load,

LINE REGULATION:

CONSTANT VOLTAGE - Less than ,01% + 200 u¥ for a
t 7%% change in input voltage from

nominal,

CONSTANT DURRENT - Less than ,01% + 2.4mA for a
t 7%% change in input voltage

from nominal,

RIPPLE AND NOISE ( f = 10KHz),

CONSTANT VOLTAGE - Less than 1lmV R _M,S,
CONSTANT CURRENT - Less than 10mA R ,M,S,

MAXImMUM OPERATING AMBIENT TEMPERATURE:

50°C,

TEMPERATURE COEFFICIENT:

CONSTANT VOLTAGE,

Output voltege change per degree
centigrade change in embient temperature is typically
less then ,02% plus 1mV,

CONSTANT CURRENT:

Output current change per degrees
centlgrade change in embient temperature is typically

less than ,02% plus SmA,
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STABILITY,
CONSTANT VOLTAGE,

The total dpift for 8 hours (after a one hour
warn-up periasdial a constant ambient tempsrature
is typically imss than ,02% plus 2mV,

CONSTANY DUHRENT,

Thy tot=i drift for B hours (after & one hour

warm-up perind)at a constant ambient temperature

is typileslly less than ,02% plus SmA,

TRANSICNT RECOVESY TIME,

tass than 50uSecs are required for the output
voltage to recover to within 20mV of the nominal
gutput voltage, following a half load change
in output current,

DUTPUT IMPEDANCE (CONSTANT VOLTAGE),

less than ,001 ohms frem D,C, to 100HZ,
lass than .01 ohms from 100Hz to 1KHz,
Less than ,2 ohms From 1KHz to 100KHZ,
Lzss than ?2 ohms from 100KHz to 1MHZz,

COBLING.
Foreed air cooling is employed with overheating
protection,
17.8 ems (7") H x 48,25 cms (19" W x 62 cms
(24 " ) D.
JJE_‘; OHT,

79 Kg (174 1lbs,) Net

GUECIFICATION MEASUREMENTS,

The guoted figures apply only to units connected
For normal operation i.e, not master/slave connscted
ar sxternally programmed,

Gutput volitage regulation should be measured

azross turminals J and K,



Dutput current regulation should be measurad
using an externel wmster and shunt or by measuring
the voltage scross terminals A and D (1 volt

approx = S50A),

Risple and noisg should be measured between
terminaly J and #,in constant voltage and terminals
A and B in constant current, using a non-earthed

megasuring instrument of bandwidth 10KHz and onse

output terminal must be grounded to the unit case,



INSTALLATION,

The weight of the unit is carried on its side panels
and support runners shsuld be provided directly under them,
capable of supporting a weight of 72 K gms (174 lbs). The
front panel must nst support any appreciable weight,

Units may bLs operated one on top of another without

removing the covaers,

As the uniis are cooled by forced air ths construction
of any cabinit into which the units may be fitted must allow
adequate air intake and exit, Recirculation of air muyst be
prevented by baffles {(See Fig,1),. At Full current output,
the power dissipated within one unit is approximately 600 Watts,

which raises the temperature of the air passing through it by
20-30°C, Air intake is on one side of the unit and exit on

the other,

Fig.l. o EXTRACTOR FAN,
BAFFLE  — | \\\ \ \

f/’ 600 W, jﬁ

/. 4

;j; 600 W, -

<j$ 600 W, {i’

e 600 W, ;ﬁy

,//:: 600 W, j

:;; 600 W, ;5‘
NANRINNNDN T earrLe,
IR EERRE

FREE AIR INLET,
Take the case of eix units operating at full load in one
ﬂabingtv Air should enter and leeve the cabinet at approximately
170 m /hour {100 cu.ft. per minute) and to do this, an additional
fan in the cabinet would be necessary, «



OPERATING INSTRUCTIONS,

WARNING.

Care should be takan to ensure that the mains input
setting as indicated »n the labal on the rear of the unit
is compatible with the intended input voltage,

Connection to ths mains is by the studs on the rear
of the unit marted L, N, £ i,0, Meins Line, Mains Neutral,
Earth, Units are normally set at the factory for 240 volt
operation unless otherwise requested,

As a filter is incorporated in the input circuitry, a good
earth is essantial.

NORMAL OPERATION,

At the rear of the unit, link terminals:-

(1) B, C and J
(2) D, £ and F
(3) G, H and K

Connection to the load is via the studs on the resar
of the unit marked "0/P+" and "0/P-*,

Output voltage and current ere adjusted by the "Course"
and "Fine" controls on the front panel marked "Voltage Adjust"”
and "Current Adjust",

The unit will opersts as a constant voltage source
for load resistances greater than the resistance given by
V set/1 set, whers V set is the setting of the unit output
voltage and I set is the setting of the unit output current,

For loed resistances less than Vset/l set, ths unit
will operatse as B constant current sourcs. The changeover

from constant voltage to constant current is automatic,

THERMAL TRIP,

The unit is protected aqainst the effects of restricted
gir flow or fan failure and will automatically shut down if
internal overheating occurs, Indication of shutdown is
praovided by the illumination of the lamp in the centre of
the front panal, In order to reset the unit after shutdown



(provided that the cause has been rectified) sufficient time

should elapse for the unit to cool (approximetely 3 minutes
with the fans running) and the reset button on the front
panel, pressed and relesssd, The unit will reset to

correct operation,

REMOGTE PROCGRAMMING OPERATION.

Units may bs externally programmed in either constant
voltage, constant current or both by means of external

resistors,

(a) CONSTANT VOLTAGE,

Connection of the terminals at the rear of ths uynit

is as follows:!:-

Link terminals (1) 8, C and J
(2) D, £ and F
(3) H and K

Turn the "Voltags Adjust" controls fully anticlockwise
or short them out intsrnally,

Connect the programming resistor between terminals

G and K,

The programming coefficient is approximately 4208/volt
but can be varied slightly by means of an internal
adjustmant of the programming current source, trimmer
R7.

N.B, Stable, low noisa7 low temparature coefficiant

rusistors of at lsast 4 watt rating should be used

and connection from the unit to the programming
resistor should be made via a twisted pair of wires,

(b) CONSTANT CURRENT,

Lonnection of the terminels at the rear of the uynit is

a8 follows:w

Link terminals (1) B, C and J,
(2) D and F,
(%) 5, H and K,
Connect the programming resistor between terminals

A and F, The programming ceefficient is approximately
20Q/amp, but can be varizd slightly by means of an



internal adjustment of the programming current source,
trimmer P11,

N.B, Stable, low noise, lsw temperature coefficient resistors

of at least 1 4 wett rating should be used and connectien from
the unit to the progismuming resistor should be made via =
twisted pair of wives,

REMOTE SENSING (CONSTANT VOLTAGE ONLY),

Where it is required to compensate for the voltage drop
across the leads connecting the load to the unit i.e, maintaining
a constant voltage at the load and not at the unit output

terminals, use may be made of the remote sensing facilities,

Connection of the termimals at the rear of the unit

is as follows:

Link termimals (1) B and
(2) D, E and F.
(3) G and H,

Connect terminal B to the positive output lead at the
load, twisting the wire round the output lead,

Connect terminal G to the negative ocutput lead at the
load, twisting the wire round the output lead, An electrolytic
capacitor of approximately 2000 uF 60V WKG should be connected

directly across the load in order to reduce overshoot and
undershoot following transient load changss, It may be found
necessary to decouple terminal B teo the positive output
terminal and terminsl G to the negative output terminal, (to

stop instability) at the unit with an slectrelytic capacitos,
The value of capacity required is indeterminate as it depends
upon the vonditions in the particular installation.

Since the resistance of the positive output lead is
now in series with the current sensing resistor (RQS), it will
hs found necessary to adjust Pll on the control amplifier
cirouit board so that with the"surrent adjust” controls fully
tlockwise, an putput current of 50,5 amps can be obtained with
the load short circuited,

SERIES UPERATION,

Units may be connected directly in seriss in order to
9ive a greater volinge ranga, Output current cepability will



be determined by the supply set to the lowest current,
It is recommaended that no wore than two supplies be connscted

in this manner,

PARALLEL OPERATION.

A master/siave gonfiguration is used when a current

greater than that available from a single supply is required,
Connection of the terminals at the rear of the unit
is as follows:=-

The master supply is connected as for a single
supply (normal, or remotely programmed),
Cn the slave supply(ies)

Link terminals (1) A and O
(2) B and J
(3) G, H and K,

Tarminal C gn the slave unit i{s connscted to terminal
A on the master unit,

Output voltage and current is controlled by the mastser
supply only, provided that tha "Voltage Adjust"controls on

the slave units are turned fully clockwise,

W,8, Since the voltege drop of the positive output lead from
sach supply is added to the current sensing veltage for each
supply, the following method of connection for MASTER/SLAVE

systems should be used,

(1) The positive ocutput lead from each unit should be
takan to 8 common connection, a8s near to the units as possibls.
Thase leads should be of egual rating and egual length and as

shart as possible,

Similarly:=

{(2) The negetive output lead from each unit should be
teken to a common connection, as near to the units as possible,
Thegs leads should be of equal rating and equal length and as
short as possiblae,

(3) The lsad connection leads should be taken to the



common positive and nagativse connections,

e, go
MASTER | SLAVE 1 SLAVE 2.
p
+O/ l o/P o/p
- T, 4 - 7 +
~ D /
\\,‘«« \ /
Positive Eaads:)V + ‘&‘Nagativa Leads,
£qual length, Equal Length,
Rating and Short Rating and Short
as possibla, To as possible,
Load,
Current shering should be checked by measuring the
voltage across terminals A and B on each unit, The veoltages
should be equal to within 1%. Any slight differences may be

balanced out by adjustment of P8 aon the control amplifier
board ON THE SLAVE UNITS ONLY,

EXTERNAL METERS,

Connection to an external voltmeter should be made to
terminuls J and K when normal operation I8 used or acreosg tha
load whern remote sensing is used, (Terminal J is positive

with raspesct to terminal K},

A signal of G to approximately ! volt corresponding to

a 0.%50A is available at terminels A and B8 (terminal A being
positive with respect to B), Connection may bs made from

these terminals to s meter of ImA full scale deflection,
with suiteble servies resistence to provide a remcte load

cureant Indisation,



CIRCUIT DESCRIPTION,

BLOCK DIAGRAM,

The function of the pre-regulator is to minimises the
powsr dissipation in the series regulator by keaeping the
volteage across it constant under all output and input

conditions,

Output current is monitored by the voltage across
the current sensing resistor, and this signal is fed to the
constant current smplifier, Any changs in output current is
detected, emplifisd and fed to the series regulator in such

a sense as to oppose the change.

Similerly, output voltage is sensed by the constant
voltags amplifier and eny change is amplified and fad to

the series regulator in such a sense as to oppose the change.

The Schemetic Diagram shows the interconnection of the

various circuits,

$.C.R, CONTROL,

The firing circuit consists of a variable ramp
generator, which is synchronised to twice the supply
frequency, driving 8 Schmitt Trigger circuit, the output
of which is applied to & pulse output stage fesding the
S,C.R,'s,

The ramp gensrator, VT4, C3 is controlled by the
potentinl divider R7, Pl, RB, RY which senses the voltage
across the series resgulator stage, VT3 is a censtant
current source which limits the maximum current at which VT4
can charge C3, VTS emitter is connectad to VT4 emitter and its

base is A,C, coupled vie a potentisl divider to the sensing
point. The affect of this is to cancel variations in charging

surrent caused by ripple st the sensing point, D4, D4A, 05,
USA, R3, R11 and C4 feed a full wave rectified sine wave in
sgries with the ramp waveform, which is directly proporticnal

to malins supply amplituds, R4, RS, RB, VTL, VT2 and D6
form @ zero threshold switch which discharges the ramp
capacitor C3 every half cycle, thus synchronising the reamp

to twice the maine supply frequency.

VT.40 and VY4l form en overvoltage control which limits
the unregulatsd lins voltage to approximately 73 volts,

- 12 o



AUXILIARY SUPPLY,

Supplies for the control emplifier circuit board are
derived from a 36 - 3 = 3& wealt winding on MT,.2, This is
rectified by diodes D}l und D012 and smoothed by capacitors
C7 and C8. VT9, ¥¥1i, VTll, Z4 and associsted resistors
form & compound curvunt 8uuvce fesding zener diodes 75 and
Z6 giving a +15 = U « 1% volt supply for the control amplifiers,

Also on this eircuit board is the thermal overload
circuitry, This swunsas the requlator heatsink temperature vie
the thermistor mounted on the heatsink assambly and shuts down
the suypply if a dangerous temperature is resached, A warning
lamp end resat button ars providsd and are situated in the centre
of the front penel,

VT,.28 end VT.29 form a2 Schmitt Trigger which senses
between the zerp line and potsntial divider P66, R37, THI and
R36 (TH! being connected between pins 1 and 6), Normally
VT28 is nmon~-conducting, but if a dangerous temperature is
sensad then the Schmitt trigger changes stete and V728 conducts,
This causes SCR1 to conduct lighting the warning lamp and feeding
a shutdown signal via pin 12 to the control amplifier, After

the heatsink has coolsd sufficiently to allow the Schmitt
Trigger to reset; the unit can be reset by pressing and releasing
the reset buliton connscisd between pins 11 and 14,

PS5, R8O and P12, R79 are meter callbration resistors,

EANTROL AMPLIFIERS,

These consist of the following:~ (a) Voltage refaerence

and constant voltage amplifier (b) Current reference and constant
current amplifier {o) Shutdown and short circuit proteetion

amplifier (d) drive amplifier,

{#) Vpltage Reference and C.V. Amplifier,

VT, 13, 27, R39 and R40 comprise a current spurce
feading reference zsner 18 and potential divider R41, P7, P12
and P13, YTi4 and VT1% form a differential amplifier which
compares the voltage at the junction of BY? and R42 position,
with the zero linwg, Since P7 is connscted to the nesgative
sutput terminael, any change Iin output voltege produces a

proportionel change in voltage st the Junction of R4l and
1473, This is smpiified at VT14 eollector, end fed via D15

= 13 .



to the drive amplifier in such a sense as to opposa the
original change,

(b) CURRENT REFERENCF 43D C,1, AMPLIFIER,

V127, Z11, B76 and R75 comprise a current source
runring referance wenwr 210 end potential dividsr R78, P11,
P14 and P15, VT20, VY21 and VT22 form a differential
amplifier feeding the drive amplifier via D16, Pin 15 is
connected to the +ve putput terminal and pin 18 is
connected to the junction of P12 and P11, Any changse
in ocutput current couses the voltage across R98 (the current
sensing resistor) to change, This produces a proportional
thange between the bases of VT20 and Y722 which is amplified
at VY20 collector and applied via D16 tg the drive amplifier

in such a saense as to oppose ths original change,

(¢) SHUTDOWN AND SHORT CIRCUIT PROTECTION AMPLIFIER,

This cireuit consists of V7,623, V124, VT,25, VT,26
and associated resistors,. Pin 16 is connected to the unregulated
0D,C. line, pin 17 is connected to the anode of S5.C.R.1 on the
thermal overload cireuit board, and pin 9 is connected to the

positive end of R38, the current sensing resistor.

Normally, VT,23, is held non-conducting since VT, 24
V1,25 and VT.26 are conducting. If the voltage across thas
swries regulator (i.e, across pins 14 and 16), excseds
approximately 20 volts, VT,26 and VT,25 coase to conduct and
the hasvy biss on V7,24 is removed, As the voltage across
pins 14 and 16 increases, V7,23 starts to conduct, feeding a

signal, via D17, to the drive amplifier in such a sense as to

reduce autput current, Output current is reduced linsarly
to spproximately (1A} when the voltage across pins 14 and 16
reaches approximately 60 veolts, This prevents "second

breakdown’ fallure of the series resgulator transistors on

applying a sudden short circuit to the output terminals of the

unlt,

if a thermal overload is datected, $5,C.R.1 (on the

suxillary supply circuit board) cornducts and vonnects pin 17
ba the «1% velt auxiliary line, This forwerd biases DLB and

Vi23 conducts, This fasds a "shutdown™ signal, via D17, to
tha drive asmplifier, and no output current ocan flow until the

unly is resat,



(d) DRIVE AMPLIFIER,

This consists of YV, ,i6, VT,17, YT.18 and V7,19, VT.18
is a dynamic load foy ¥7 17 in the differentiel amplifier,
The ocutput from V7,17 collesctor is fed to the base of emitter
Ffaliower VT.16 and the signal from its emitter is fed via

pin 6 to the seriss reqgu.ator,

SERIES REGULATOR,

This consists of transistors V7,30 - 39, VT,30 and
VT. 31 bsing cescedad smitter followers driving the parallel
connected emitter followers V7,32 - 39,



INTERNAL ADJUSTHMENTS,

MAINS INWPUT.

Units sres set «i the Pactory fop operation at 240 volts
input unless otherwivey requestad, For 220 volts operation
soe fig., 2, Uniwsew 110 volt operetion has been specifically

reguested, no atiompt ohauld be made to operats a_standard
gynit with 110 velts input, a8 internal changes of wire gayge
gte, sre incosporwtasd in units intended for 110 volt oparation.
for connections see fig,2.

WARMING,

A A N BTy T

No attampt should be made to make any adjustments
without strict reference to the following instructions,

otherwise damage may result,

METER CALIBRATION. (P12 and P5)

(1) YOLIMETER With the unit giving 60 volts output
(measursd using an accurate external meter) adjust
P12 (on the suxiliary supplies circuit board) until
~the front panel meter reads 60 voits.

(2) AMMETER With the unit giving 50 amps‘output
(measured using an accurate external meter) ad just
PS (on the auxiliary supplies circuilt board) until
the Fromt panel meter reads 50 smps,

MAaXIMu® OUTOUT VOLTAGE (P7),

With both “"Voltage Adjust” contrels turmed fully
slenkwise adjust P? (on the contrel amplifiers circuit bosed)
untdl an output of 60.5 velts is messured using an axternal

mwber,

MAXTRUM OQUTPUT CURRENT (PB),

{1) “ith both "Current Adjust™ controls turnsd fully
antlielockwisn, adiust P8 until @& positive output ecurrsnt a?
iges than 50mA ie maesured on an externsl msier,

{2) With both "Current Adjust™ controls turned
Fully clovkwlss, adjust P11 until a cuzcsnt of 50,25 emps
ig maasyred on an extoensl meter, .

]
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THERMAL OVERLOAD (P6).

With the unit running st 50 emps output and e
thermocouple typas therapeeiae probe atteched to the top
rogulator heatsink nuaz the inlet fen (with top and bottom
covers in plece) blouk tha asir inlet end outlet vents,

The warning lamp should laoght and the unit shutdown when a
temperature of apprexisataely 100°C is measured, If this
{s not sg, adjust #6 and repest the operation after allowing

3.4 minutes off load sunning for cooling.
. B, Should sny furthasr adjustiments appear to be necnssary
sll ths following inatructions should be carrisd out in *he

———

st Sssguence,

=z

SEPARATION VOLTAGE (P1, P3 and R4,

With the unit cutput terminals short circui ad, turn
the output eurrent up from zZero to 50 smps, Conrect a
voltmetar ascross the reservoir capacitors (C30-33) and adjust
91 to give B.5 volts whilst adjusting P3 to maintain stability.

Optimum stability occurs whan the rippls voltege measured
with en osecilloscope scross C30-33, is uniform from cycle to
cycle, Adjust P4 until the voltage just starts to rise,

SHORT CIRCUIT PROTECTION P9 and P10).

Disconnect the lead from pim 16 on the contral
amplifisars circuit board at it's connaction to the reservolr

cegacitors {C30-033) near the front of the unit, With the
sutput terminals short circuitesd sdjust the output currant
from zeroc to 850 smps, Connact @ 0-60 volt vasriable D,T.
powst supply {curremnt is less Lhan SmA) between the positive
putput terminal and ithe disconnected wire, S5lowly increase
the woltage from the variable supply. At approwimately

20 wolte, output cuzrent should start to fall. ARdjuet

Pill sog that tﬁs ghenge in current is amooth and not =a

aydden shep whan varying tha voltags sbout this point,
innrmgss tha: voliage to 60 volts, and adjust P9 to give en

gutput current of lass than 1 smp, Rapent the operation
until no Furthap improvemsnt cen be mads, Remove the

vaviable supply end raconnsct ths iead from pin 16,

a 17 =



MAXIMUM LINE VOLTAGE (P2).

With the unit connected to the maeins supply by
8 "Variac® adjust ths .nuus veltege to -8% from nominal
with the unit at &0 velts 50 emps cutput, Adjust P2
antil the ripple voliage {meamsursed by an osclilloscope
connscted across tesminsle J and K in CV or terminals A

and B in CI.) just sterts to increase rapidly,

N.B. All tximmere should bes locked with a suitable compound
after adjustment,
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FIGURE 2,

CONNECTIONS FOR QRERATION FROM 110, 220 and 240V

and location

MATHRE SUPpLY.
1oy 220V 240V
e —————
¢y 8CH SCR
Main Transformar, i{) ¢ O sc C)SCR
Access: Remove toup O 130 O130 — 30
cover locatad
centrally in (110 ——p 110 Ot1o
unit,
2Ok 0 O o
{110 Q110 110
;EPO w0 () 0
Auxillary
Transformer.
Access:
Located 0 110 130 0 110 130 0 110 130
behind ] O— O O O
front panel, SCR 110 o [SCR 110 0 SCR
g O o410 O O
1B
Choke,
For acc rg ;k
° °e8 ~d Ll i as far 220v
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FIGURE 3,

1) Choke: Acscess and location:

Lecated un left 4f rear panel viewed from front of
unit.

Remove thy 1id of the choke box, This then gives
access to the choke connections which should be
connecterd us shown in the choke diagram; Fig., 2,

Fixing perews: \
\ .

,////~Choke Baox:

\Eooooo

Connections>/////ﬂ

/\

L "

REAR QF UNIT VIEWED FROM BOTTOM;:




MECHANICAL SPECIFICATION,
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ERRATA AND ADDENDA

ALTERNATIVE [OHMPONENTS TO THOSE LISTED ON CIRCUIT
DIAGRAM MAY BE U3&D IN THE EVENT OF SUPPLY DIFFICULTIES.
MAJOR CHARGES Ty THE DESIGN OR MANUAL ARE LISTED BELOW:w



