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gEggrgr-].

INgBgPgggIgN.

i Th€ supply tyPe TSV.7O l{k. II provldes a source of
stabtl lsed D.C.-voltage variable over two ranges, O to 7O volts
at output currents up.to 5'anPs or O to 35 volts at output
currenls up to 10 amps, range sel6ctlon belng achleved by a
swLtch on the lnstrument front panel.

The output voltage ls set by coarse and flne controls
on the unlt fronl panel, and ls contLnuously varlable over
each range.

An outpub on/off setltch ls incorporated' allowlng
the load to !e dlsconnected frqrr the supply wlthout swltehlng
off the mains lpPut to the unlt.

Overload protectLon is provlded tn the fornr of a
constant current llmit. The current linlt level ls
adJustable by me€rns of a front panel control'.

Output voltage and current are monltored lndependently
by front panLt meters. The meter ranges are selected
automatlcally by the output range swltch.

The lnstrument operates from 50/60 Hz supplles of
1O5 to 12O volts on 21O to 24O volts rms. The requlred
transformer J.nput tapplng ls selected on the transformer
tag board.
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!{AINS INPUT.

SECTION 11

OPERATING INSTRUCTIONS

selects the output range of the unlt the left
beLng O-35V 1OA, and the right hand setting being

, The transformer tapplng should be eet to correepond
to the mains J.nput voltage from whlch the unlt is to be
operated. (Unlts are normally supplled fox 24O volt
oieratJ.on). The transformer connections for other lnput
voltages are shown in fLgure 1.Pl3.In'order to change the
transiormer tapping the botton cover of the unlt must be
removed. fhls- !s achieved by removLng the four flxlng
screws ln the rear panel, and removlng lt. The bottom
cover may norrt be wl,thdrawn from the rear of the uDlt.

Malns lntrlut is applied to the unlt by, the three
cored lnput Iod at the rear. The cable connectlons are
BRO!i|N-LrVE, BLI'E-NEUTRAL, GREEN,/ELLOI{-EARTH.

FRONT PH[EI,.

INPUT ON,/OFF SWITCH.

Thls connects the mains input to the unit, indlcatlon
of malns le glven by the neon lamp above thls swltch-

VOLTAGE ADJUST COARSB AI{D FINE CONTROLS.

These provide contlnuous adjustment of o_utput voltage
from zeto to mlxlmum output. The maximum ls determined by
the setting of the iRANGE' swltch. The coverage of the fl-ne
control is approxlmately 35OmV on tJre 35V range and TOOmV on
the 7OV range.

RANGE SWITCH.

This
hand settJ,ng
o-70v 5A.

METERS.

These monltor output voltage (left hand) and output
current (right hand). The meter full scale ranges correspond
to the settlng of the range swltch. 35 voltE and IO amp
ranges are marked. Ln black and correspond to the 35 volt 10 anp
setl.lng of the range switch. 70 volts and 5 amPs are marked
in red and correspond to the 70 volt 5 amP settlng-

CURRENT I,II{IT COT{TROL.

Thls sets the point of maxinum output current and may
be adjusted from zero to 5.5 Amps or 11 Amps dependlng on the
setting of the iRANGEI swl-tch. If thls control ls set to
glve a current on the 10 anp range, the same setting would
gtve rise to half the current on the 5 anp ra.Itgg. Th"
current llmit't"ftrt may be set by short circu'fl,fng the ou€pPt
terml,nals and Ldiust!.ng the current lLrnit control to gLve the
required llmit curent as lndlcated on the output current meter.
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OUTPUT AND SENSE TERMINALS.

Uni ts  are normal ly  suppl ied wl th  the r r+ SENSE" and the
"+ OUTPUT" termlnals l inked, and the rr- SENSE', and the' r -  OUTPUT terminals  l inkec l . .  The load should be connected
to the "OUTPUT" rr4rr and n-rr terminals. The supply is
connected to the. load when the "OUTPLIX'| swit,ch is in its rroNrl
pos i t ion

For applications requir ing correction of voltage drop
along the leads connecting the supply to the load, the l inks
between the "SENSE" and "OUTPUT" terninals should be
removed and the current carrying leads to the load connected
to the "OUTPUT" terminals. Another pair of leads should
then be connected between the load and the "SENSE" terminal,
ensuri.ng that the posit ive end of the load ls connected to
the rr+rr "SENtlg" terminal and the negatl.ve end of the load is
connected to the !r-n sENsE terminal. care shourd be taken
to ensure that no load current is drawn- from the "SENSE"
terminals .  For  notes on the l imi ta t ions and use of  th is
mode of  operat ion refer  to  SECTION 6 page.  IO.

OUTPUT SWITCH.

This dlsconnects the negatlve of the supply from the
load when the switch is in the "oFFu posit ion, and enables
the required output voltage to be set before the load is
connected. The load may also be disconnected from the
supply without having to switch off the mains input.

cooLrNG.

The series regulator elements, of the supply are fan
cooled. The air intake for the fan is on the rear right
hand side of the unit and the air outret is on the reai left
hand side. care must be taken not to obstruct the air
inlet or outret. rf such an obstruction is present or
the cooling fan fhils, a thermar trtp within Lhe unit wilr
operate and shut the supply down when the }oad conditions
are such as to give rise to a dangerous temperature on the
series regulator. The trip wil l reset the output when the
serles regulator temperature is approximately gooc below the
ttlp_temperature, and lf the cause of excess temperature is
sti lL present It wil l tr ip once again when the ti ip
temperature is reached. This cycre wilr be repealed as
long as mal.ns input Ls appLied to the unit and Lhe iause of
excess temperature ls not removed,

The transformer and rectif iers within the unit are
coored by natural convection and no more than two units
shourd be stacked one above the other without provlsion
leing made to force cool the stacked system Ln a verticar
direct lon.
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CIRCUIT DESCRIPTION

The supply consists of a maLns transformer feeding tsro
bridge rectif ler, .reservoir capacitor and series regulator
systems

On the 35 volts 1O amps range the outputs of the two
systems are paralled by switch S1. .The serles regulator
bank driver inputs are paralled by SIA and driven from the
main control cl,rcuit board No. l. On the 7O volts 5 amps
range the outputs of the two systems are connected Ln serles.
The upper system is drlven from the maln control cl-rcult
board No. I, and the lower system Ls drlven from circuLt
board No. 2.  r

.1

35 Volts 1O Anps R,ANGE.

l{alns Transformer lffl feeds !!RI fr6rn a 37V R.M.S.
secondary wJ.ndlng. MR2 ls fed from a second 37V R.M.S.
secondary. The negatlves of reservolr capacltors C2l and
22 are connected to the negative output terminal vLa fuse
F'2, swltch DlD, current monitorlng reslstor R57, and switch
S3. The positLve is connected vla serles regulators
W17-23 to the posit lve output terminal. The negatives
of reservoir capacitors C25 and 26 are connected via fuse F3,
current monitoring resJ.stor R67 and swl-tch 53 to the negatJ.ve
output terminal. The poslt lve is connected vla serLes
regulator transistors VT24 - 30 and swltch SIC to the posltive
outlrut terminal. The lnput bases of \j1lL7 and \/T2{ are
paral led by SfA. 

.

The control cLrcult of circuLt board No. I consists of
Diodes DI and D2, and Rl which are fed from a 36-O-36V
winding on MTl and feed reservolr capacitors Cl and C2.
This provides an unstabil lsed D.C. supply for 'zener diodes
ZI and 22 whlch are fed via R2. ZL and 22 provlde a +I5
- O - -IO Volt supply for the reference and controL ampllfler,
c i rcu i t ry .

VT4, RII-, 24, RI4 and RI5 comprlse a constant current
source which feeds 23, R8 and T2, plns 3 and 18 belng l inked
externally. 7,3 is the maln reference zener diode and
provLdes a +5.1V source wlth respect to Pln I1 whlch ls
connected to the + SENSE front panel termlndl.

PI and P2 are the coarse and flne voltage controls on
the front panel and are connected bctween:the "-SENSE[ temlnal
and Pln 17 on control cl.rcuit board No,l. . '  Pin I7 is connected
via R16 to VT5 base. A potentlal dlvlder comprlsJ"ng Pl, P2,
A2 and R8 forms the output voltage genslng. The.control
anpll f ter \215, 6, 8, 9, LO drLves emittar fol lower \/1[7. Thls
drives the serles regulator banlcs W17-23 and W24-3O. The
connection belng from Ptn 13 on the circult.  board No. I via
the thermal- trlp TTl to Pl.n 9 on circult board 2 then via
R111 on circuit bbard No. 2 to PLn 1O and from there to the
base of \/1117 and via SIA to the base of \l1I24. The control loop
acts ln such a sense as to oppose any signal change on VT5 base,
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and
The

hence maLntalns zero
output voltage Vo ls

voltage between \l1t5 and \i1t6 bases. -
therefore defLned as:-

=  V z 3  ( R 8  +  T 2 ) .  ( P l  +  P 2 )'  R 8 . T 2

Overload protectLon |s provlded by \i1IL1 and L2. P3 with
T4 ln parallel is connected to R49 and to VT12 base. R33 ls
connected to the IO volt auxllLary raiL. When the output
current Ls low, the voltage across R49 Ls }ow. \l!t|lL |s
blased off and \/Tl,2 is blased on. As outPut current lncreases
the voltage across R49 increases, and the voltage at VT12 base
becomes nore posJ.tive. This contLnues untll the base of
\i1I12 ls sufflltently positive to cause \l1lll to begln to conduct.
At thls polnt, the voltage across R3O begins to Lncrease unti l
O6 becomls fonpard bLased, and feeds current to \IF'9 base. Thls
drlves VT9 fufther into conduction, and ]|ml,ts the drlve
avallable to emltter follower VT7 and hence to the series
regulator'transistors. Thls actlon causes a fa1l ln output
voltage, and \l1I5 to be driven off. D5 then ceases to conduct
and control 1S now taken over by \IfIl and W12. On further
Lncrease of load, the output voltage falls, and. output
current renains constant. The output characterLstl'c of the
supply ls therefore constant voltage for loads less than the
f Git- set by P3, the front panel current llmlt potentlometer
and constanl current for loads in excess of the llmlt.

70 volts 5 amps Ranqe.

wlth swltctr sl ln the 70 volts 5 arnps p.osition, the
posLtives of capacltors C2I artd,22 are connected via regulators
infZ-Zf to the iosttive output terminal. The negatives of
C2L and, 22 "re ionnected vJ.l fuse F2, and switch SID to the
ooipot of regulators \i!t24 30. thgrpositlves of C25 and 26
are'connecte[ .1ti" r"golators lqu"T24 30 to the negatlves of C2L
and, 22 as above. The negatlves of C25 and 26 are connected
"i. fog. F3, reslstor R67-, and switch 53 to the negatlve output
termlnal. The 'J.nput to regulators W17-23 ls as before, and
the tnput to regulitors rf:f�T24 to 30 is from Pin 12, circuit
board tto.Z, via SlA. Thus the two regulator systems are
connected in series and circult board No.I controls the upper
regulators wL7-23, and clrcult board No.2 controls the loqter
regulators W24-3O.

The function of cl-rcult board No.l ls the same as on the
35 volt 1O arnp range, and thls ls the nraster voltage and'
current llmlt- contioi of the suppJ.y. The control clrcuitry
of circult board No.2 ls merely to hold the voltage at
regul.ators w24 - 30 output at half the ternlnal output
"oii.g". D1O3 and IO4r-and ClOl are a fuIl wave rectif ier
reseriolr capacitor system fed from a 36-0-36 volt transformer
windlng and 

-supplying 
D.C. voltage fo ?trOl and ?'LOz vLa RlOl'

Thls piovides l- +fO - g - -5 volt supply for cont,rol--amPllfler
conslit lng of wlo} , Loz, 1O3, anrd emltter follower w1o4.
\ l1I1O4 dr ives ser les-reguiators VT24-3O. 'The base of  VTIOl
ls connected to the oulput of thts regulatdr and VT1O2 base
ls connected to the centre of the potentlal dlvlder R113 and

Vo
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R112 whi.ch is connected. between the n+ SENSE" and "-SENSE"

termj.nals. The voltage at the base of W1O2 is therefore
at half the output terminal voltage. The action of the
loop is to maintain zero voltage between the bases of VTIOI
and 1O2, and hence the output of regulatot YT24 - 30 is
control led at half the termindl output voltage.

The terminal output voltage is control led by circuit
board No.  1;  and s ince swi tch SIB is  c losed on th is  range'
the output  vo l tage is  now speci f ied by: -

V o =

where R8/A2 = R8 T2
NF:FIFZ

the output of regulators VT24 - 30
board No.2 and is  specl f ied by:

R113 Vo
F,Ift-jTIT3

rne volttage vci at
is controlled by ci.rcuit

Vct =

slnce Rt13 and R112 are equal

Vct = t v o

General :

T1O3 and TIO4 are sett ing potentlometers to adjust
the ammeter fuI l  scale deflection. TlOl and LOz are
sett ing potentiometers to adjust the voltmeter ful1 scale
def lect lon.  

I

Thermal tr ip TTI is a bi-metal l lc switch which is
located on the heat sink assembly. I ts Purpose is to
detect excessive temperatures on the serles regulator
elements, which could be caused by obstruction of air f low
ln the fan cooling system or by fan fai lure.
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SPECTFICATION

MAINS INPUT

2LO,  22O,  23O' ,  24O Vo l ts .  50 /60  Hz.
1 O 5 ,  1 l O ,  1 1 5 ,  1 2 O  V o l t s .  5 0 / 6 0  H z .

Iulaxlmum mains variation tolerated + lOt of Nomlnal.:'

OUTPUT CAPABILITY.

O-7O Vo1ts at  O-5A.
or O-35 Volts at O-1OA according to the

selected range.

Output voltage is continuously variable over either
f A R $ € .  j

METERING

Two range  vo l tme te r  35V  F .s .d .  and  7OV F .s .d
'  

Two range ammbter  5A F.s .d.  and IOA F.s.d.  The meter  ranges
are control led by the output range switch to correspond to
the output range in use.

LTNE REGULATION.

OUTPUT CHANGE FOR lOI I\TAINS CHANGE

SHORT TERIII LESS THAN O.OII OR lMV
whichever is greatef.

LONG TERM (8 HOUR) LESS THAN O.O5I OR 5NV
whichever  is  greater .

LOAD REGULATION. a

OUTPUT CTIANGE FOR ZERO TO FULL I€AD CHANGE.

SHORT TERM O.OIt OR lmV whichever is
greater .  :

LONG TERM O.Ost OR 5mV whichever is
greater .

RIPPLE AND NOTSE.

LESS THAN,ImV p-p t ' leasured at SOKHz bandwidth.

OPERATING TEMPERATURE RANGE

o-400c.

OVERLOAD PROTECTION.

CONSTANT CURRENT LII,TIT VARIABLE TROM O TO
FULL I,OAD CURRENT.

DI},IENSIONS. 43OMM WIDE, 4IOmm DEEP , L77.8MM HIGH.

WEIGHT.

1 5 . 9 3 "  u  1 6 . 1 4 ' �  '  7 " . ,  r l

2 6 . 2  K G S .  5 7 . 7 5 l b s .
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ACCESS.

€E9EI9N:V-
SETTING UP PROCEDURE.

Access to the circultry may be gained by first removing
the rear panel, and then wLthdrawlng all the covers, bottom
two sldes and top, which are located in slots in the four
extruded bar chassis members.

Settlng the Voltaqe Ranges and."Current L imi t .

f) Set the 'RANGETT switch to 35v, 1oA. Set the CoARSE
and FfNE front panel controls to ful ly clockwlse.

2l Apply md.ns input to the unlt and adJust T2 on clrcuLt
board No. I to give 35.5 volts outpti t .

3) Wlth the CURRENT LIMIT control set ful\r anti  clockwJ.se,
and a short circult applted to the output terminals'
adjust T3 circuit board No. 1 to glve zero output

. current. Remove the short clrcuit.

4) Connect a load to the output tbrminals and adjust it
to give 11 Arnps output current, wlth the "CURRENI

LIMIT"  contro l  fu l ly  c lockwise.  Adjust  T4 c i rcu l t
board No. I rrntil the output voltage of the unit just
begins to faI l  at 11 Amps. Dlsconnect the load.

5) Set the range switch to 7OV, 5A. Set the COARSE and
FfNE voltage control ful ly clockwise.

5)  Adjust  T l  c i rcu i t  board No.  I  to  g ive 7 l  vo l ts  output .

CLrcuit board No. I is located on the right hand side
of the unit viewed from the front, and is the circuit board
nearest to the front panel.

Sett lng the meter ful l  scale deflgctions.

1) With the RANGE switch on the 7Ov 5A position adjust
the output voltage of the unit by means of the COARSE
and FINE front panel controls to give 7O volts output'
as indicated on an accurate external meter. Set T1OI
untl l  the front panel voltmeter reads 70 volts (fuII
sca le )

2l Wtth the RANGE swLtch on the 35V IOA posit iorl  adjust
the output voltage of the unlt to give 35 volts as
lndl,cated on an accurate external meter. Set TIO2
untl l  the front panel voltmeter reads 35 vo1ts. (ful l
s c a l e ) .

3) Wlth the RANGE switch on the 35V lOA position aPply
an accurate external anmeter across the output terminals.
Adjust the CURRENT LIMfT control to give a reading of
lO amps on this external meter. Set T1O4 unti l  the
frortt panel anuneter reads 10 amps (full scale) .

8



.{} wlth the RN{GE swltch on the,7o\r,,5A positlon and an
aceurate external aruneter connected across the output' 
termltt"i", ad1ust the "CIAREDS1 LruIT '.boittrol to gtve a
readlng of 5 "rp" on thls tneter. set T1o3 untll the
front panel anrneter reads 5 amps (full scale) - . .

- 9



-g'

I )

SECTION Vl

Igg $a! -BEBE9BUAUSS-AIP-AB3Ir g}lrgNg .

SERIES OPERATTON

Unlts uray be connected tn serles to provlde higher
otrtput voltages. It Ls recommended that a Protectlve
dlode is. fltted across the output terminal of each unLt,
cathode to posltive terminal to prevent the supplies
becoming reverse biased under overload qondltLons. The
diode should have a current ratLng equal'to the maximum
output capabllity of the unLt. ft ls reconmended that
not more than three units be series connected.

(D

PARALLEL OPERATTON

Units may be conneCted in parallel to increase the "'
current capabil ity. In order to parallel them the unLts
should be adjusted for equal output voltage and their
output terminals then connected ln parallel. In such a
system, as output load current ls Lncreased from zero,
the rrnLt havlng the htghest voftage setting wlll conduct
untLl it.reaches lts current l imit poLnt. The unit with
the next highest voltage will then conduct until it
reaches lts current lintt polnt and so on. The V/I
characterlstic of a system of three units connected ln
parallel ls shown in flgure 2.P14!his shows a serles of
descendlng steps in voltage as the load current increases.
The nagnitude of the step depends on how closely the
voltages can be set together. The resolution of the
fine potentJ.oneter is approximately tOmV hence the steps
in voltage could not be lower than lOnV. No more than
three units should be operated ln parallel.

EXTERNAL SENSING OPERATION

Unlts are supplled wlth Llnks between the SENSE and
OUTPtn terminals. If tt ls required to correct for the
voltage drop along the leads carrylng current to the
load, lt ls. posslbte to use a four terminal connection.
It ls not posstble to correct for more than I volt drop
in each lead.

iaaition of lead from the senslng terminals and
output ternl.nals Lncreases the lnductance Ln the .
feedback pathr. whlch cogld give rise to Lnstabll lty'at
htgh frequencles unless the followlng precautions'are
taken. ,

The leads from the + otIfPUT and + SENSE termlnals
should be twlsted together. The leads from the n-
OUTPUTtr and "- SENSE" termlnals should be twlsted
together

SLnce inductance is Lntroduced.between the output
termlnals and 'the Load, the transLent performance of
the supply at the load is adversely affected. Thls may

2 '
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be restored by addl-ng a capacitor of approxlmately 2OOOuF at
1OO volts dlrectly across the Load

It may also be necessaqy to decouple the outPut and
senslng termLnal pairs wlth low voltage electrolytlc
capacltors. For the '+ OIIIPIXI and + SENSE tennlnal palr the
capacLtor posLtlve shouLd be connected to the + OITPIII
termlnal and for the - OUTPIIT €rnd - SENSE terrnlnal paLr, the
capacitor posltive should be.connected to the - SENSE termLnal.

NOTE: CARE I.IUST BE TAKEN NOT TO DRAW LOAD CURRENT FROU THE I
SENSE TER}IINALS.

TYPICAL PERFORMANCE.

STABII,ITY.

Output voltage changes are due maLnly to the followlng
causes.

a) Load change.
b) llalns supply change.
c) Conponent temperature change.

(a) Load Change.

(I) Steady load - for a change ln steady load
from zero to full load, the speclfLcatlon on
page holds.

(1I) Translent response - Tlplcal response to a
pulsed load ls shown ln flgure 3. P.14.

(111) Output lmpedance for alternating load
superimposed on a steady load, the output
lnpedance of the supply lncreases wlth
frequency due to faII off Ln galn of, the
control ampllfler, until eventually lt ls
determined by the output capacltor and lead
lnductance. A typlcal output lmpedance,/
frequency curve is shown I,n f lgure 4. P.15.

(b) Malns supplv Chanqe.

Surges on the malns ln the forrn of short rlse tlme
pulses may be fed on to the output tcrnLnals by stray
capacLtances. $lhen monltorlng the output waveforrn,
both oscllloscope leads should be connected to the same
output termLnal- before making a measurement to engure
that pulses whlch may not appear across the output
ternlnala are not present,

Irlhere malns borne pulses exLst lt nay be necessarY
to flt some form of maLns lnput fllter to the malns lead.

(c) Component Tenperature Change.

Output virrLatLon is caused by component value
change due to temperature change. The tenperature

t
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change can be:

( 1 )

( 1 1 )

(r)

( 1 1 )

A s a
or

result of amblent tenperature chan$E

As 'a .result of lnternal t€tnPerature change
caused ,by change Ln load or malns lnput to
the unLt.

Amblent change - the typlcal temperature r
coefflclent of output voltage, at constant
load and'constant maLns lnput ls O.O2t per
degree centigrade.

Internal change - a typlcaL plot of output
variation against tlme for changes ln
mains l.nput and load Ls shown Ln f igure 5.
P .  1 5 .
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