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About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available
product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.
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CERTIFICATION

Hewlott-Packard Company vertifies that this proauct met its published spacifications at the time of skipment from
the factory. Hewlett-Packard further cortifigs that its colibration measurements are traceable to the United States
Naotional Bureau of Standards, to the axtent alfowed by the Burenu’s calibration facility, and to the calibration
facifities nf other Internatianal Standards Organization members,

WARRANTY

This Hewlatt-Packard instrument product is warranted agoeinst defacts in materiat and workmanship for a period uf
ano year from date af shipmont. During the warranty pariu., rewlett-Packard Company will, at Its option, either
repair or replace praducts which prove to ba defactive.

For warranty servica or repair, this praduct must be raturned to & service facility designated by BP, Buyer shall
prepuy shipping chargas to HP and HP sholl pay shipping chargas to return the product to Buyer, However, Buyer
shall pay alt shipping charges, duties, and taxes for products returned to HP fram another country.

HP warrants that jts software and tirmware designated by HP for use with an Instrument will execute Its pogromm-
Ing Instructions when properly installed on that instrumant, HP daes not warrant that 1he operation of the Instru-
ment, or software, or firmware will be uninterrupted or arro- free.

LIMiTATION OF WARRANTY

The foragoing warranty shall not apply tu defects resulting from !mproper or inadaquate melntenance by Buyar,
Buyer-suppliad software or interfacing, unauthanzed madification or misuso, nparation outsida of the environman-
tal spocifications for the product, o Improper site pre paration or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED, HP SPECIFICALLY DISCLAIMS THE IMPLIED WARRAN-
TIES QF MERCHANTABILITY AND FITNESE FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HERLIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT B8E
LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENT/AL DAMAGES, WHETHER
BASED ON CONTRACT, TORT, Ok ANY OTHER LEGAL THEC .1Y.

ASSISTANCE
Praduct maintenance agreements and other customer assistance agreements are available for HevJlett-Packard pro-
ducts,

For any assistance, contact your nearest Hewlstt-Packard Salos and Service Office. Addresses are provided st the
back of this manual,
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SAFETY SUMMARY

The following ganaeral sefety pracautions must be ohserved during afl phases of opuration, service, and
regeir of this insrrument, Failura to comply with these precautions or with spacific warnings elsewhare
In this manual violates safety standards of design, manufacturs, and Intendaed us< of the Instrument,
Hewlatr-Packard Company assumes no Nability for the customer’s fallure to comply with these re-
guiramants,

C..OUND THE INSTRUMENT.,

Ta minimize shock hazard, the Instrumant chassis snd cabinat must be connveted 10 en alectrical
ground. The Inutruiment must be connocted to - ¢ pewer through a three-conductor power cabile, with
tha third wire firmly connectec to an electrical ground {safaty prour d) at the power outlet.

DO NOT CPERATE IN AN EXLOSIVE ATMOSPMEFE,

Do not operste the instrumant in the presonce of flammable gase:, or fumes. Qporation of any electricei
instrument by such an anvironment constitutes o definite safoty na;ard,

KEEP AVWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers, Cumpenant replacement end intarnal ud-
justments must be made by quallfied meintenance personnel Do riot raplacae components with power
cable cerinacted, Undar cortain conditions, dangerous volte gos n.ay exist oven with the power cabla
removed . To avold injuries, always discannact power, discliargs « Ircuits and remove floating voltages
bafora tyuching components, :

DO NOT SERVICE OR ADJUST ALONE,

Do no; attempt Internal service or adjustmunt unless snotnar perean, capablo of rendering first ald and
rasus jitation, Is presaent,

SA'ETY SYMBOLS,

&; Cautlon nymbor. Advises the operator to refer to t1e Instruction manual for acditional .nformation,
[

G 9 Indlcates terminal Intended to be connected to sy stem ground.

l'/O NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT.

Ijecause of the danger of introducing edditional hazarde, do not \nstall substitute parts or perform any
unautharized modification to tha instrument, Return tha Irstrument to a Hewlett-Packerd Sales and
Service Offica for service and ropair to ensure that saf sty features are maintained,

DO NOT EXCEED INPUT RATINGS,

“This instrument Is equipped with a line filter to redu ce elactromagnetic in-
terforence end must be connscted to a properly grounded receptacle to
minimize eloctric shack hazard. Operation at lina voltugos or frequencias in
excess of those stated on the deta plate may cause leakage currents in ex-
cess of 3,5 mA,"”




Snction

!

TABLE OF CONTENTS

Page
GENERAL INFORMATION
1-1  DESCRIPTION............... 1~
1-8  SAFETY CONSIDERATIONS., 1-1
1-10 SPECIFICATIONS ...........1-!
1-12 INSTRUMENT AND MANUAL
. IDENTIFICATION ..........1-1
116 OPTIONS ...........0cheviin 1=
117 ACCESSORIES..............1-2
119 ORDERING ADDITIONAL
MANUALS ................1-2
INSTALLATIORM
"2 INITIALINSPECTION.,....... 21
23 Maechanlcal Check........,.,2-]
26 ' REPACKAGING FOR
SHIPMENT .....,........,.21
29  PREPARATION.............. 211
211 Locationand Cooling ,..,,...2-1
213 Outllne Dfegram........,.,.,2-2
2-16 (Input Powar Requirements...2-2
217 PowerConnaction...,.....,.22
2-20 Rack Mounting...... R 2
2-22 ACLINE IMPEDANCE
CHECK ...ovvvvihivinnnenens 2-3
2-26 LINE VOLTAGE OPTION
CONVERSION ,;.......,...23
OPERATING INSTRUCTIONS
21 INTRODUCTION ............. 31
34 TURN-ON CHECHOUT
PROCEDURE .............. 3-1
3-8 CONNECTING THELOAD,...3-1
3-14 PROTECTIVE CIRCUITS ..... 33
3-16 OPERATING MODES ........ 33
3-19 NORMAL OPERATING
MODE.......... Cererrerens 33
3-27 Constant Voltage Operation..3-4
3-31 OQvervoltage Protectlon
(0T - X |
3-35  ALTERNATE OPERATING
MODES......ooveiies0000h 36

Section Page
3-37 Remote Voltage Sensing.....3-6
3-42 Hemote Programming ,......3-6
3-61 Auto-Parallel Oparstion. ..... 3-9
3-67 Auto-Sarles Operation ,.,...3-10
3-82 Auto-Tracking Oparation. , . .3-12

3-96 I-MONITOR QUTPUT
S'GNAL l!l'blll"!ti.llll3-14

IV PRINCIPLES OF OPERATION

4-1 DIFFERENCt BETWEEN AN
AUTORANGING POWER SUP-
PLY AND A CONVENTIONAL
POWERSUPPLY ........... 41
4-3 SIMPLIFIED SCHEMATIC
DESCRIPTION .............4-1
4-6 BesicConcept,.............. 41
4-8 InputACClrcuits,...........41
4-17 Constant Voltage (CV)
Cirault........ Ch e 4-3
4-21 Constant Currant (GC)
Clroult,,,.......... Vhresaes 4.3
4-24 Cocntrol Voltage ,.......... y 44
4-27 Pulse Width Modulator
(PWML.ooooviiiviieninnss 4-4
4-30 PWMFastTurnOff .......... 4-4
432 Primary Currentiip) Limit,,,.4-5
4-36 Down Programmer .......... 4-6
4-33 Overvoltage Protection
Circuit(OVPlL,,,............ 4-5
4-42 AC Dropout Detector/Slow-
StartCircult................ 4-5
4-45 Blas Voltage Detector........ 45
MAINTENANCE
6-1 INTRODUCTION ............ 5-1
6-3 TEST EQUIPMENT
REQUIRED ................ 5-1
E6 PERFORMANCETEST....,..52
b-7 MaeasuremeantTechniques....52
6-12 Constant Voltuge Tasts ., ,.... 5-2
Constant Current Tests ....., 5-6

5-42

[ |

(i




Saction

6-62
6-67

6-60
6-63

5-64
6-67
6-69

5-71
5-73

6-76
5-77
6-79

5-81
6-83

6-90

Page Saection

TROUBLESHOOTING......,.57
Initial Troubleshaooting Pro-

Codures...........veenr000. b7
Qvarall Trouble Isalation ... .b-10
REPAIR AND REPLACE-

MENT ...............00. . B-13
Qutside Cover Removal .., .,6-13
A2 Contro! Board Removal . .5-14
A3 FET Boards And A4 Qutput

Diode Board Removal ,,.,.5-14
FET Board Disagsembly ,,,,.6-14
Output Diode Board |

Disassembly..............5b-1b
A1Maln Board Romoval ....5-16
Relay K1 Removal .......... 5-16
Component Access Through

Bottom Chassls ,..,.......5-16
Front Panel Romoval...,.,..5-16
ReplacementParts . ........ 617
ADJUSTMENT AND CALI-

BRATION,..... b b serees b-17
Matar Zero Adjustment , .., .17

Page
6-92 Ip Limit Adjustmunt........ 5-18
5-34 Constant Voltage Offset Adjust-
ment........... Chreee e 5-18
b-96 Constant Current Full Scale and
Offset Adjustment ......., 5-18
5-98 Conatant-Currant-Source
Adjustment..,....... bavaas 5-18
6-100 Ammaetor Adjustment,,...,. 5-18
6-102 Voltmater Adjustment ,...,.5-18

VI REPLACEABLE PARTS
6'1 |NTHODUCT|0N SEFEM ALY 8'1
6-4 ORDERING INFORMATION ..86-1

VIi COMPONENT LOCATION

ILLUSTRATIONS AND
CIHCUiT DIAGRAMS n-uu---n-.?"1

APPENDIX A

SYSTEM OPTIONO002...... rrreereniea A-1
APPENDIX B

100 Vac INPUT POWEAR

OPTION 1m BEPROIERPIBISIREN IS [IXI XY (X RN Y] B"1




SECTION |

GENERAL INFORMATION
1-1 DESCRIPTION 1-10 SPECIFICATIONS
1-2 The Model A012A Autoranging Pawer Supply provides 111 Datalled spacifications for the pawar supply are glvan
lsbaratory-grade performance with the high efficiency of in Table 1-1.
switching rogulation techniques, Autoranging allows the
supply to provide ot Jeaat 1000 watts output powar over s wide 112 INSTRUMENT AND MANUAL
range of output voltage and currant combinations without the IDENTIFICATION
usar having to selact tha proper output rangs. The cutput s
adjustable thraugh the sntlre operating range of 0 to 60 valts 1-13  Howlott-Packsrd power supplies ese Identified by a

ond 0 to 60 emperes by 10-turn front-panal controls,

1-3  The supply Is of the Conatant Valtega/Constant Cur-
rant (CV/CC) type, with greon front-panel LEDs to indlcots
whether the unit Is operating in CV or CC mode, Quiput
voitage and current are centinugualy Indicatad on Indlvidual
front-panal maters, A secondary scale on the voltmeter In-
dicates Ampares Avallable within the maxtmum output-power
range; o socondyry scole on tha ammoter indicates Vaolts
Avallable,

14 Ovorvoltage prataction {OVP) protoacts tho user's load
by quickly and automatically intarrupting energy transfer f a
preset trip vallage Is oxceeded. A screwdriver contrel an tha
front panel sets the QVP trip point betwaen 2V and 63V, A rad
LED on tha front penal indicates Jhat QVP hes tripped,

1-6 QOutput cannactions are mado to bus bars an the resr
panel, Either the positive or negaiive output terminal may be
grounded, or the output mey be {loated up to +240Vdc
(including output voltage) from ground.

1-8 Remote nrogramming, remate or local voltage sens-
ing, end several mathods of opatating multiple-supply com-
binations for Increased cutput voliage ar current capabllity are
possible by making connaction te rear-panel terminats. These
capabiltities are more fully describad [n Seetion i,

1-7  The 6012A Is considerably smaller, lightsr, and
dissipatos less powaer than older-design supplies with simllar
output-pawer capebllity. Tha unlit s fon cooled and Is pack-
aged In a Hewlott-Packard System |l-compatible modular
enclosuro, which [s sturdy, attractive, and provides easy ac-
cass for servicing.

1-3

1-9 This product Is o Sofaty Class 1 instrument {provided
with a protective sarth tarminal), The Instrumaent and this
manual should be reviewed for safaety markings end Instruc-
tlons before cparation,

SAFETY CONSIDERATIONS

11

two-part serlal numbar, The first port is the serlal numbar
prefix, a numbar-latter combinstion thet denotes the date of o
slgnificant design changa ond the country of manufactura,
The first two iglts of the prelix indlcata the year {20 = BQ, 21
= B1, ate.}, the sacond two digits indicate the woek, and tha
latter "A’" designates the USA as the country of manufacture,
The sacond part of the sarisl numbar is a differant sequential
number asslgned to each power supply, starting with 00101,

t-14  If the serlal numbar on your Inatrument does not
agres with those on the title pege of thia manual, o yeillow
Menuel Changes sheat supplied with the manue! defines tha
difference betweon your instrument and the [nstrumant
doscribed by this manual,

1-16 OPTIONS

1-16  Options aro standard factory modifications that are
requestad by tha customer. The following options are
aveflable with this instrument, Optlon 002 is described In
Appendix A, Option 100 s describad In Appendix B,

Qption No, Description
002 Systams Qption allows the supply to oparate

automatically In sysiem applications. Provides
resistance, voitage, and current programming
of output voltage and current; six Isolated
status linas; three isclated contrat lines: + BV
ond 16V blas voltoges. This option s
maunted on o slngle additional printed-circuit
baoard, which Includes a rear-panel ccnnactor,

100 Input Power: 87 to 106 Vac, 48 ta 63 Hz, single
phase. Qutput: 576 W, 5Q V, B0 A,

20 Input Pawer: 191 to 233 Vac, 48 to 63 Hz,
single phase.

240 Input Power: 208 to 260 Voc, 48 to 63 Hz,
single phusa.

810 One additional oparating and service manual

shipped with the powaer supply for sach Option
910 ordered.



117  ACCESSORIES

'-18  Tha Gyatam il Cehinot accoessarios fiated below mey
b4 ordered with the pawer supgly or saparately from yourlocal
Hawdatt-Packurd Salas end Sorvice Office: (sco list of ed.
drassos ot the roer of this manual),

HP Part No. Deaciipticn

B031-0089

Front ha e kit for 6-1/4 inch high cabinats,
1440-1345 Tilt ston,i {1} snapa nto steri'dnrd foot supplied
: with ingtrument, must be usad In palrs,
606#»0077 Rack flunge kit for B-1/4 fnch high cobinsls
: {will bo shippad with Inatrument if ardered as
Optlon 903},
50610083 fack flange/iront hondle kit for 6-1/4 Inch

high cakinets (will ha shippad with Instrumzant
If ordered as Option 909).

b

art No Deaoription

1494-0018 Silde kit for Installing 17.Inch decp cabinet in

HP rack enclosura,
494-0026 Tiit eifde kit, semo as 1494-001B plus permits

titting Instrumant up or dawn 90°,

1494-0023 Slide adapter kit, pormits use of 1484-0018 i
In nenh-HP rack enclosure of adequate depth.

B 60-2800 Control Bosrd Exter:tar ¢ard,

1-19  ORDERING ADDITIONAL MANUALS

12" QOne manusl is shipped with asch pewer supply, Ad-
diticnal manuala may be purchased directly from your local
Hewlett-Packard Seles office, Speclly the modal number, In-
strurnent sarial numbor prefix, and the monual part number
grov ded on the title page. (Whaon ordered ot the sama timy &s
tha power supply, additional manuals may bo purchased by
eddirg Option 910 to the order and spaclfying the number of
addit'onal menuols desirad, )

Table 1.3, Spac!ficaticns, Maodal 6012A

Al phrfon-nnnca spacifications ere at roar tarminals with a
resist've load,

INPUT POWER

. Tw) Intornal switches end two internal junipors permit
operatlon from 120, 220, or 240 Vac [ - 13%, +6%); 48-63 Hz,
Maximum Input current la 24 A rms for 129 Vac, 16 A rma for
220 Ve, and 14 A rms for 240 Vac.

EFFICIENCY {Typlcal):
B0% on maximum output power boundary.

INPUT PROTECTION:
The cc Input is protected by a rear-panel mounted 26 A cir-
cult breaker,

PEAK INRUSH CURRENT (Maximum)
120 Vag, 2(.5 A
220 Vac, 13.2°4
240 Vac, 14,5 A

DC OUTPUT:

Adjustable from 0 to 60V and 0 to 60 A, Maximum output
power is 1000 W at 50A, 1060 W at 60V, and epproximately
1200 V / at inld-range. Seo graph:
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OUTPUT CURRENT

LOAD EFFECT {(LOAD REGULATION):

Constant Valtage - Less than 0.01% of output voltage plus
6 mV for a load change equal to the maximum avallable cur-
rant rating of the supply at tha sul voltage.

Constant Current - Less than 0.01% of output current
plus 6 mA for o load change equal to the maximum available
voltage rating of tha supply at the sot cusrent,




Table 1-1. Bpocificaticns, Modal 6012A (cantinuead)

SOURCE EFFECT (LINE REGULATION):

Constant Voitage - Less than 0,01% of output voltage plus
3 mV for aty H,Toﬂfroltago change within rating,

Conatant Cuprent - Less then 0,01% of oulput current
plus G mA for any line voltage change within rating,

PARD (Ripple and Nolsa}, 20 Hx to 20 MHz;
Constant Voltage - Less than 5 mY rms and 60 mV p-p,
Constant Current - Leas than 25 mA rms,

TEMPERATURE COEFFICIENT:

Conatant Voltage - Lesa than 0.01% plus 2 mV change in
output per degree Celsius change in ambfent after 30-minute
warmup,

Constant Curran. - Lesa then 0,01% plus 4 mA change

in output per degrea Celsius change fn ambiont after
30-minute warmup,

DRIFT {Stability):
{t’hange in output ovar an B-hour Interval under conatant
linw, load, and amblent tempurature aftor 30-minute warmup).

Constant Voltage - Less than 0.03% of output plus 6 mV,

Coustant Current - Less than 0.03% of output plus 5 mA,
LOAD TRANSIENT RECOVERY TIME:;

Less than 2 ms is required for cutput voltage recovery {in
constant voltage operation) to within 100 mV of the nominal
output following & change In output current of 10% of max-
imum current rating st sny output voitaga {gutput current
=B6A),

RESOLUTION:
{Minimum output voltage or current change that can be ob-

talned using the 10-tum front-panal controls),
Constant Voitaga - 20 mV

Copatant Current - 20 mA

QUTPUT IMFEDANCE ! fyplcal);
0.2 ml @ dc. See grmph:

100mN
// \
é Km0 //
l"nﬂﬂl WOHE (0] KHa Qb

FROQUINCY

DC QUTPUT ISOLATION:
Either output terminal may be floated up to £240 Vdc
{Including output voltage) from ground.

QVERYOLTAGF PROTECTION:
Trip voltagoe ad,ustable fram 2 V to 63V, Minimum satting
above autput voliage to evold fale tripping I8 1.6 V + 1% of

Vour.

REVERSE VOLTAGE PROTECTION:

{(Maximum parmlissible current csused by reverse voltage
Inpressed across output terminels) 60 A cr.linuous, 20 A
continuous with ac power off,

REMOTE SENSING:
Malntalns nominel voltage at load by correcting for load-
fead voltage drop of up to 0.5V per lead,

REMOTE PROGRAMMING:

Realatance Programming - 0 to 2.6 k provides zero 1o max-
imum rated voitage or current output,
Accuracy: CV; 1% + 3 mV CC; 2.6% +165mA

Voltage Programming - 0 te 6V provides zero to maximum
rated valtage or current cutput,
Accuracy: CV; 0.3% + 3mV CC: 1% +16mA

Current Programming - 2 mA to 0 mA cusrent sink provides
20r0 10 maximum rated voltage ar current dutput {with user-
pravided 2.6k resistor),

Accuracy: CV; 0.3% + 0,42V + accuracy of reslstor

CC; 1% + 0.BA + sccuracy of realator

PROGRAMMING RESPONSE TIVE:
Maximum tUma for output voltage to changs from 0 V to
60 V or 80 V to 2 V and settie within 200 mV band,

Up: Ful! load (3.41)) 120 ths

No Load 120 tns

Down: Fuli Load (3.4(1) 400 s
No Load 128

Typlcal response tme to settle within 200 mV band, for
axcursions ather than full-scale,

Down: On greph, read difforence iri tima batwean initlal out-
put voltage and final autput voltage; add sattiing time of 200
ms @ full load or 330 ma @ no load,

AN

an
o

T

Your
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FLLL LOAD
(3441)

e —
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Q 00 200 300 400 800 600 To0
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Tabla 1-1. Opecifications, Modael 8012A (continuad)

Up: On graph, road tmo for change in cutput valtage,
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CURRENT MONITORING QUTPUT:

0 to 6 V cutput from rear-panal terminal Indicates ero to
maximum rated currant output; accuracy, 1% + 10 mV: out-
put Impedance, 10k.

METERS AND INDICATORS:

Voltmoter - Continuously reading 70 V scale witk sacondary
scalo Indicating emperes available; accuracy, + 3% of full
scale,

Ammaeter - Continuously reeding 60 A acale with secondmy
scala indicating volts avallable; eccuracy, £ 3% of full scale,

VOLTAGE Indicator - Green LED Indicatas Constant
Voltage opsration,

CURRENT Indlcator - Green LED Indicates Constant Cur-
resc operation,

QUTPUT UNREGULATED Indicator - Red LED indicates
that output is unregulated becauso of any of the following
conditions: ovarrange operation, ovarvoltags, over
temparatura, or low-input-powar shutdown.

OVP Indicator - Red LED indicates shutdown caused by
voltage at output terminals oxceading prasat limit,

OVER7EMPERATURE Indisator - Red LED indicates shut-
down because of FET or output diode overtemperature.

MULTIPLE UNIT QPERATION:

Auto Pargllel - Any numbar of unita may ba connected In
peraliel to Incresse total output current capabllity while main-
taining control from a single unit,

Auto-Sariea - Up to four ynits (clpht if conter-tepped to
graund} may be connected in sories to Incranse total cutput
valtaga to 240 Vdc¢ (480G Vdce if canter-tipped to ground) while
maintaining control from o single unit,

Anto-Tracking - Any numbe: of units may have cither ono of
thalr output terminals connected to o common bus sa that ell
outputs track, at soma frection, the output of a aingle,
controlled, unlt,

TEMPERATURE RATINGS:

Operating: 0 to +60°C  Storage: ~40 to +75°C
Unit is fon cooled. Thermostats turn off unit if FET or output
diode temperstures rise above a critical lovel: rosat
sutomatically.

BACKPRESSURE:

Unit will operate against atatic backpressure at alr outlet
(rear panel} of up to 0.08 inches of water {olr inlet at O Inches
of water),

CERTIFICATIOM:
Unit complies with theso requirements:

IEC 348 - Safaety Requiremants for Electranic Measuring
Apparatus,

C3A Elactricr! Bullotin 6568 - Electronic Instruments snd
Sclantific Apparstus for Speciol Uso and Applications,

VDE 0871/0.78 Love! A - RFl Suppression of Radio Frequency
Equipment for Industrial, Sclentific, and Medlcal {ISM)
and Similar Purposes,

VDE 0417 - Electronic Maasuring Instruments and Automatlc
Contrals,

DIMENSIONS:
Sae Figure 2-1,

WEIGHT:

Net: 16 kg (33 Ih} Shipping: 16 kg (36 Ib)
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SECTION i

INSTALLATION
2-1 INITIAL INSPECTION 2-7 REPACKAGING FOR SHIPMENT
-2 Befora shipment, this Inslrumont wos inspocted and 2-8 To insuro sofe shipmant of tha instrumant, itis racom-

feund to be freo of mechanicel and aloctricst defects. As saon
a5 the Instrumaent Is unpacked, Inspoct for any damage that
may have accurred In translt, Sava all packing matarials until
tha inspactlon [s completed, (f damage is found, fila claim with
carrier Immediately, The HewleW-Packard Baisa and Servica
2ffice should be notified ss saon as pescitie,

2.3 Mechanlcal Check

2-4  This chock should confirm that tharo are no brakaen
santls, conhaclors, or Indlsators, thot tha cobinat and penal
surfaces aro not dented or scratched, and that the maters and
plastic covar on rear poanal ara not scratehad or cracked.
25  Electrlcal Chack

26 Soctlon V of this manual contalns complote verifice-
tion pracedures far this instrumaent. Snctfon Iif contains an ab-
breviatud check which can boe used quickly to plece tha unit In.
10 oparation, Rafer to the inside front caver af tha imanuol for

maendad that the packago dosighed for the instrumont be
utad, The ariginal packaging motario! Is reussble, If It {s not
svalloble, cantsct yeur lacal Hewlott-Packard Sales and Ser-
vice office to obtain tho matorials. This oifice will slsa furnish
the addrees of the nearost sarvice nffice to which tha instru.
mant ¢can be shipped, Be sura to atiach a tag to tha instrumant
speclfylng tha ownar, madel numbar, {ull seriot number, and
sorvica raquired, or a brlef description of the trouble,

29  PREPARATION

210  In ordar to be put Intu Gervice, the 6012A must be
connocted to an appropriste ac input power sourca, Alao, the
line valtage for which the unit is sat and the rear-panal clrcult
breakar must ba checked. Additiona! steps may include line-
vultago conversion ond rack mounting. Do not opply powaer to
the Instrument before reading puragrephs 2-16 and 217,

2-11 Location and Cooling

the Certificatlon and Warranty atatoments, 212 The Instrument is fan cooled and muat ho installed
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with sufficlent epace bshind tha Instrumant for alr axhaust, It
shauld bo used in un area whore tha ambiant tamperature does
hot axcead - E0°C,

CAUTION

The lnstrument should not be installed in a
forced-air-cooled rack enclosure in whicn the
stafic alr pressurs exceods 0.06 inchas of watar,
Sratic alr prassure hehind the Irstrument *of
greater than 0,06 Inches of water will prevant pro-
per air llow thorugh the Instrument and allow the
instrameant to overhoat,

2-13

2-14  Flgure 2-1 [llustrates tha autline shape and diman-
elons of the cablnet,

2-16

216 The supply may be operated from a nominal 120V,
220V, or 240V single-phase o2 powoer source, 48-63 Hz. The In-
put voltage range and input current required for each of the
naminal inputs ura llsted bolow.,

Qutiina Diagram

input Powsr Requiraments

Nominal Ling-Vaitags Maximum
Volinge __Rongs Input Currant
126 104-37 24A
20v 161-233 16A
240v 200-250 14A
217 Pawer Connection

CAUTION

Connection of this Insorument to an sc power
sourcs should be done only by an slectrician or
other qualifled personnel, Befors connecting the
instrument to the ac powsr source, check the
fabel on the resr panel to ensure that the Instry-
mant Is set for the sc voltage to be used, If
necessary, the user can convert the instrument
from ore line voltage option 1a another by follow-
fng the Instructions in paragraph 2-25.

2:18  Input power Is connected to the instrument vis the
AC Filter Assombly on the resr panal, The power cord must be
8 three-conductor cord rated for ot least 85°C. For 120V
operation, esch conductor must be AWG 212 or larger. For
220V or 240V aperation, cach conductor must ba AWG #14 or
larger. Largor wire sizes may ba required to pravent excessive
voltage drop In the ec input,

2-2

| wnnmu&'é_[

Do not use three individual wiras to connact
powear to the Instrument, The sirain rolief on the
rear panal Is dasignsd for use only with a single
threa-conductor cord,

213 To connact Input power to the Instrument, proceed
s Tollows:

0. Remova four acie vs, ona In each comor, that sacurg the
AC Filtor Asaembly to the rear panel, and carafully puil the
aseambly away from tha rear panal,

b, Propara tha powat cord as shown in Figurs 2-2 and Insert
tha cord through tne atraln rellaf on the AC Filtar Assombly,

¢, Connact the longer lead 1o the GND terminal; cannect
ono of the two shorter leods 10 tha AC terming! {""hot’ sido of
tha ac lina} and the other to tha ACC terminal {"neutral” or
"ecomman" sldy of tha ac ling},

d. Pasition the cord so that the atinin relief grips the outer
Jackat of the cord, and tighten tho atraln renaf,

a. Roplaca the AC Filter Assambly,

f. Connect the other end of the powsr cord tc an ap-
propriate ac power source, '

em iR A"}

fomim B')

Flgure 2-2, Power Gord Proparation

NOTE

Cannactions ta the ac power line must be made in
accordance with applieable slactrical codes,

| WARNING I

For proper protection by the instrument circult
broaker, the wire connected to the AC terminal on
the Instruinent must be connected to the AC side
of tha line (hot};: the wire connected to the ACC
terminal must he connected to the ACC sids of
the lina (neutral or common),

To protect operating personnel, the wire con-
nectad to the GND terminal must be cunnectad to
earth ground. In no event shall this instrument
be operated without an adsquate ground
connaction,




CAUTION

Before apphing power to the instrument, chack
to soa that tha rear-panef circuit brosker CB1 fs in
the NORMAL (up) position (breaker may trip
bacause of raugh handiing during transit). /! the
breakar trips while power is on, or if the breskar Is
found to be trippad at any time for unknown
ressans, rafer to: troubleshoating procedures in
Section V.

220  Rack Mounting

221 This Instrument can b rack maunted In » standord
18-inch rack pa v oy inr:luaum. All rack mounting nccassarios
for this unit ord 'uted . dia ACCESSORIES paragraph In Sac-
tion 1, Complete Installation Instructions are Inclided with
sach rack mounting it

222  AC LINE IMPEDANCE CHECK

2:23  The 6012A Is designed for propar oparation with line
Impedanca typically found in n¢ powar linas. Howovar, if tho
G012A is connocted to on ac powar line having high Im-
podance combined with line voltage neor the minimum
specified valuo {e g, 104 Vac for nominal 120 Vac}, some
components muy overheat If the unit Is gaiizd to provide full
rated output powver, Such a situation might occur If the 6012A
is connected to ac power an oxtended distance fren) tha main
oc distribution tarminals and/or If the ac power wires from the
maln sc distribution torminals are of rolativaly small gaugoe.

2-24 Measuroment of ac ling voltage at the 61124 Input
tamminals typically Is not a reliable Indication of the sctugl ac
line voltage becauso of the peak-clipping effect of the power
supply and the avaraging effact of the voltmater, Symptoms
of oxcessive line impadanca may Iaclude erratic or no output
from tha 6012A and/cr Ineblfity of the 6012A to pravide full
output power, If thera Is reason to suspect tho ac power lines
10 the 6012A may have high Impedance, pardorm the following

check:
I. WARNING |
L e

This check should be performed unly by service.
Irained personnel who are aware of the hazards
involved (for example, firs and elsctrical shosk),
Turn power supply off bofore making or breaking
connections to power supply, Hazardous voltages
a0 present within the unit even when power
switch /s turned off,

a. Remave threo scraws that socure top cover (o roar panel;
slido cover to rear and lift off.

b, Monitor unregulsted +6V (pin K} with respact to com-
inon (pin E} ot test connheclor P2 on top edge of contrel board
{seo Section VI, W +B6V unrogulated le lass thon 12
valts, GO12A Is not racelving adequata ac line Input, if +6V
unrogulated =12 volts, proceed to stap c,

¢. Connact varloble load {Tobla 8-1 liste racommendad load)
to 6012A, turn VOLTAGE and CURRENT controls to mox-
imum (fully CW), and adjust load for BOA output curront,
GC12A autput voltage ahould ba x22V; If it Is not, procaed to
Ip calibration procedura in Sectlon V. If 'p calibration is cor-
rect but unit does not provide =22V at B0A, G012A Is not
racelving adequate ac fine input,

425  LINE VOLTAGE OPTION
CONVERSION

2-26 Lina valtage convarsion is nccomplishad by udjusting
thres components; tha two-saction ling seloct switch 52, and
[umpars W1 end W2, Figure 2-3 shows the locations of these
camponents et the contar-rear sacticn af the maln hoard. To
canvert the Instrumeat from one lina voltage option to
anathar, proceed as follows;

a. Disconnect iine cord from power source, and walt 120
socands,

b. Remove top cover from instrumant by removing thr
screws {one on each slde and ono I contar) that sacure cover
o rear panal; alida cover to rear and lift off,

¢, Uso a small-blade scrawdriver to sot the two switch sac-
tions of S2 to match the pattern silkscreened on maln board
for naminal line voltage to be used, For axample, to sot
switchas for 120V operation (as iffustrated In Figura 2-3), move
forward switch saction so that its whita slot |s toward front of
Instrumont and move raarwsrd switch saction so its white slot
Is toward rear of Instrumant,

d. One end of W1 [s soldered to muin board; the ather and
has o female quick-connect tarminal that fits unto one of two
terminale saldered to main board. For 120V oporation, W1
must bo connected to terminal closer to front of Instrumant
{08 shown In Figura 2.3}, For 220V or 240V oporation, W1
must be connected to terminal closer to rear of Instrument. Ba
certain that jumper Is firmly mated with tarminal on main
boord. Do not grip jumpar insulation with pliars; olther grip
jumper wire by hand or grip jumper tarminal with pliers.

8. Jumper W2 Is similar to W1, For 120V operation, W2
must ba connected to terminal closer to rear of instrumont (g5
shown in Figure 2-3}, For 220V or 240V oporation, W2 must be
connected 1o terminal closer 10 frant of Instrument, Be cartaln
that jumper is firmly moted with terminal on main board. Do
not grip jumper Insulstion with pliers; either grip jumper wire
by hand or grip jumper terminal with pliars,

1. Replace top cover and mark the instrument clearly with g
tag or Iabal indicating corrsct line voltage to be used,
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SECTION Il
OPERATING INSTRUCTIONS

31 INTROLUCTION

3-2  This sestion describes the oparating controls and n-
dicetors, turn-nn chackewt procedures, ond operating pra-
codures ond considarationa for the Modal 6012A,

| WAaﬁS'ﬁE—

Bafora the Instrument Is turned co, ull protectiva
earth terminals, extsnsion cords, suto-
transfurmers, and davices connectec to it should
be connectad to a protaciive eart!? ground, Any
Interruption of the proteciiva earth grounding will
cause a patential shack hazard that could result in
personal Infury,

33  Only fuses with the roquired currant roting end
specifiad typo should be used. Do not uso short clrcuited
fuseholders or circuit braakars, To do so could causa a shock
or fire hozard,

34 TURN-ON CHECKOUT PROCZDURE

3:-6  The following chackout procadurs describes the use
of the front-panel controls and Indicatars {sec Figure 3-1} and
ansures that the supply Is aperational. This chack shauld ba
performed whan tha unit Is first recelved, If tha supply fails to
parform properly, praceed to the troubleshooting procedures
In Section V.,

a, Enaura thot reer tocrminal board streps ara connected os
shown In Figure 3-3, but do not copnect load, Check that rear-
panel label Indicrtes unit is set for:lina voltage to be usad, If It
Is not, refer to Saectlon |I, Lina Voltage Option Converslon, If
unit ls equipped with Systam Op.tian 002 ansura that option
coble I dlsconnected from rear-punel aption connector before
proceading,

b, Ensure that CURRENT contiol (8) Is rotsted clockwise at
least two turns and QVP ADRJUST potentiomoter (@
{scrowdriver adjust) [s fully clock:sisa,

€. Pross pushbutton LINE switch @ on {pushbutton n)
and abserve that grean LINE indivator turns on and that fan
oparates,

d. Tum VOLTAGE contral @ through cutput voltage
range of unit os indicated on voltmatar » Grean VOLTAGE
light @ ehould bo lit across entira rat ga indicating that supply
ls In constant voltago madae,

o. Chack overvoltage clrcuit by turning OVP ADJUST con-
trol counterclockwise untll output woltage drons, Qutput
voltega shouid drop to =0 volts and rea OVP(8)and QUTPUT
UNREGULATED (8) indicators should lipht,

341

f. Hoset ovarvoltage circult by raturning QVP control to
maximum clockwlsa position and turning supply off for ot
lonst twa saconds and than back on. Qutput voltage should
raturn to value sut in step d.

9. To chock constant current circuit, turn off supply pnd
connoct short {AWG #8 o [arger) across + and - output tor-
minals on rear ponel, Ensuro thrat VOLTAGE control is rotated
ot lagst two turns clogkwise,

h. Turn supyly back an and rotate CURRENT contra! (8)
through output current ranga of unit os indicated on ammater

@) . Groon CURRENT light @ should be on across entire
renge indlcating that supply Is In constant currant moda,

i. Turn off supply, remove short fram autput, and read re-
malnder of oparating Instructions before connecting actunl
Inad to supply,

1
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Figuro 3-1, Front Panel Controls end Indicators

36 CONNECTING THE LOAD

3-7  Loaod connections to the power supply ere made at
rear-ponel + and ~ hus bars, Wires may ba connected to any
of the three pairs of connecting scrows on the bua bars,
Stranded wires should be terninated with an appropriato size
terminal, To sasfy safety requicements, the wirse to the laad
should ba at feast hoovy anaugh not to averheat while corrying
the pawor supply output current thist would flow If the load
wara shorted. Table 3-1 llsts some singla wire slzes and two-
wira combinatiuna, and the curren®-carry'ng copsaity they pro-
vidn. Generally, heavier wire than that fisted iy Tabls 3-1 is re-
qu'red to obltaln good regulation at the load. M tha load regula-
tion is critical, use ramata voltage sensing {rofer to Paregraph
3-37),




Table 3-1, Copper Wirs Currant-Carrying Capacity

Wire Type
{note 1) 20A 30A 40A 50A
§0°C Stranded 1.2 1-M0 1.4 1-48
2- 44 2-N2 2-M2 2- M0
80°C Solld 110 1-48 1.40 148
2. 14 2.2 2.0 2-48
106°C Stranded 1- 14 1-m2 1. 110 1- 410
2-16 2- 414 2.-12 2. 112
104°C Solid 1-12 i - 10 1.49 1.46
2-N6 2. 82 2-110 2. 00

Notest

1,  Maximum allownhle conductior temperature hased on 60°C amblent temparsture plus 20°C or 4G°C tamparaturo
riso duo to contiiuous do current,

2.  Copaclides based on sassumptlon that + and ~ [eaas ure twisted togother to reduce nolse nirkup,

3.  Other wiro combinations can also be used to provida the capacities listed In this table, Noto hat [ncrossing the
numbar of conductars In a bundle Joes not Incroase the current-carrying capacity by the numbaer of conductors,
{EG: Two #10 wires bundled togather provids only 1.89 times the curront-cairying copacity of ana M0 wire.}

4,  Curront carrying capacity of nluminum wiro is approximately B4% of that llsted for copper wirs.

3-8  The hus barw end terminel atrip are protacted by n 3-12  The PARD spaclfications in Tabls 1-1 opply ot tha

high-impact plastic cover, which Is sacurad to the unit with
two 7/8-Inch #6-32 ecrawa, Wires to tha hus bars and terminal
strip pusa through slats In the cover. Ba cortaln to replace the
covor sfter msking connections,

3-89 it multplo loads are connectad 1o ons supply, each
joad should bo connocted to the supply’s output terminals
using separate palrs of connccting wirea, This minimizes
mutual coupling offecta betwaen loads and takea full advan-
tage of the supply’s low autput impedence, Each palr of con-
nacting wires should ba us short aa pnssible and twisted or
shialded to reduce nolse plckup,

3-10  If load considerations require the uss of output
distribution tarminals that are located remately from the sup-
ply, then the power supply output terminals should be con-
nectad to the ramote diatribution tarminals by o palr of twisted
or shlelded wirns and each load shouid he separately con-

necled to the remoto aistrdbutian terminals, Remote voltnge Poetn tornr
sonsing le required undor these circumstances (Paragraph " 2 - 4
2. EL
211 Either ool e ——
ther potitive or nogative voitsges can be oblained E3 ot Bl W
from this supply by grounding one of the cutput terminsla, 1t Is Yo L0
best 10 avold grounding the output at any point other than the NaTE: Lord
power suply vutput ta:minals to avold regulation problams br Lig % 15 i
caused by common-mode current flowing through the load TG Coon YWD PR AL, ]
BOLD BE MADE AT o

leads to ground, Always usa two wires to connect the load to
tho supply ragardless of whare or how the syatem [s ground-
¢d. Never ground the system at mora than one polnt. This
supply can boe oparated with elthar ocutput torminel up to 240
voits de lincluding output voltaga) from ground,

power supply output terminols. Howaever, nolsa splkes
Induced In tha load Ieads ot or near tha load may uffact the
load although tho spikes sre Inductively [soloted from the
power supply, To minimizs voltage splkes at the load, connact
& bypasa coapacitor gs shown In Figure 3-2, With thia satup,
poak-peak nolse at tho lcad can actually be reduced to a lovel
well bolow tha value specified at the 6012A output tarminota.

3-13  Bofore oporeting the power supply, read the
paragraphs [n this sectinn conceming protactive clrqults, nor-
mal oporating mode, and any soctlons of altarnate operating
modes rale ant to your application.

SO A, NOT AT LOLD

Flgure 3-2. Connecting a Bypass Capacitor




3-14

316 Protoctive clreults within tim instrument may limit or
turh off the output In ¢ase of shnormal conditions, Tho couse
for the protactlve ostion can be dotermined by obsaiving ths
front-pana! indicators and matore, An cvarrenge condition Is
indicated by the QUTPUT UNREGULATED indlcator on, nll
othor indicotors off, and the VOLTS ond AMPERES metars
roading ralatively gh, An ovmol\ngo condition Is Indicated

PROTECTIVE CIRCUITS

Ly koth the OVP snd QUTPUT U VI{EGULATED indicators on,
all other Indicotors off, and the nalers reading nenr 20ro. An
overtemperaturo  condition fa, I:d|tated Ly both the
OVERTEMPERATURE PRITECTION ond QUTPUT
UNREGULATED Indleatora on, alf ather indlcators off, and the
motars drapping toweid af from tha readings thet oxlstad
whan the evertamperature gonditlon occurred, If thn ac Input
voitago drops below aporoximataly 70% of nominal, the blas
voltdge detectar will souk down the output, In this cosa, the
QUTPUT UNREGULATED indicatar (s on, all other Indlcators
are off, and tho motors road zaro Immadiataly,

3-16  OPERATING MODES

3-47  This power supply is «'eslgned sa that (ts moda of
oparation can ho selactad by mak, ng strapping conrections on
ita rear panel, Normel oparating moda for this powsr oupply
usos local progremming of the output voltaga and cu.rent vin
tho front-panel VOLTAGE snd CURRENT contrals, ond local
sansing of the output voltage, Alternate oparating modes
ollow use of remota programming, remote voltage sensing,
ond multiple powar aupply combinations,

318 The following paragraphs tirst describe oparating
conslderctions with the normatl opersting mode, using tha
strapping pettern os It |8 connected at thae faoctory., Later
porographs caver slternoto oparating modes, Tho aperating
constderarions describad with normul modo, such as constent
voltago/constant cutrent crossover, ovarrange, conetant
valtaga ond constant curront oparation, and ovarvoltaga pro-
toction apply vo tho alternste modes as well os to normal
maoda, Mora thecretical descriptions ragarding the operational
features of pows* supplies in genoral ara glven in thy DC
Power Supply Handbook, Applicetion Note 90B [avallobla at
no charge from your local Hewlett-Packard Sales Officst,

319 NORMAL OPERATING MGDE

3-H) Tho power supply was shipped with the proper
rear-panal  strapping connections made for constant
voltage/constont current operation with loce! sensing and
focal pregromming, This strapping pattarn Is illustrated in
Figura 3-3. By maans of the front-panul voltage and curcent
controls, the operator selacts either o constant voltage or e
constant currant cutput es dascribed In Paragraphs 3-27 or
3-29, Whather the supply functions in the constant valtage or
constont cutrent mode dapaends on the settings of tha
VOLTAGE and CURRENT contrals and on the value of the
Joad rasistence,

3.3
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Figure 3-3. Normal Strapping

32 t ‘gure 3-4 shows tha averall autput range of the sup-
ply, with tyree sample operating logi, Locua 1 Ir established
with 0 VOLYAGE sotting of 20V and o CURRENT setting of
BA, For any .veluos cf lood reslétance greater than tho
crosaaver valuc of 2.6 ohmas, tha supply operatas in canstant
voltsge mode. *or valuas of lood rosistance loss than the
croesover volun, the supply operntes In constant currant
moede, The transition occurs smoothly ond automatically; no
switches need be operofed or connictions changed, The
front-panel VOLTAGE and CURRENT lights Indicate which
mode [s cpoarating.
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322 . Locus2's netoblished with VOLTAGE setting of 40V
npd o CURMENT satling of 30A, Its crossover laad reslstance
fa 1.3 ohma, and Wsa on the retod-cutput-powar boundary,

323 A rectangular operoting loce's will bo eatsblished for
dl] vqlmuo and curant aottinga within the rated-autput-powaer
bounddry, und the Joad reslatance datsrminoes whera on that
lacus the power supply operatos, Howaver, If the VOLTAGE
and CURRENT vontrols aro sot sg that the boundary can Le
exceodad, as(n locua 3, tha supply will gointo avenanga if the
load reslstance falls within a critical band (rafer to next
pargraph),

3-24  Overrange, Tha supply will ba driven Into overrangs
{shaded otea of Figure 3-4) If sha VOLTAGE end CURRENT
cohtrold are sot above the output power rating and tha load
reslstance falls within a critical band, For exsmplo, sssumeo
that the operator sats the VOLTAGE control at BOV end the
CURRENT control ot 40A, a3 in locus 3 on Flgure 3.4, For sll
load realstances above 2,2 ohms {which ls the critical valua)
tho supply would oparate normelly In the constent voltsge
mode, If the losd reslstance wara to fall much below 2,2 ohms,
howovar, tho supply would be forced Into ovemange. If the
losd resistance continued to dacroase to a 0.7 ohm valug, the
supply would automatically come out of overrange and Into
the cone*ant current mode at the 40A, 26V point. (The supply
will probably go out of regulation while eparating In the over-
rango raglon, refer to Paragraph 3-28,)

323 Anytime the supply operates in overrange, the
VOLTAGE and CURRENT Indicatora tumn off and the QUTPUT
UNREGULATED indicator ligiits. The VOLTS and AMPERES
motors [ncicato the voltsge and current belng supptied to the
output, (The praduct of the two readings will exceed 1000
watis.] Parsgraph 3-14 identifies conditions other than ovar-
range which caute the QUTPUT UNREGULLATED tadicator to
light,

3-8 The supply cen operate in tho overrenge reglon
{heyond the ratad-output-power boundary) for sustalned
periods without being damaged, Howavar, the supply is not
guaranteed to moat specifications In ovairange. Quiput rippla
Incroases substantially and regulation Is serlously degraded.
An an operator ald, the maximum avallabla load current for
each voltaga setting Is indicated on o secondary scala of the
voltmater, Similatly, the maximum avaltahle toad vnltage for
each current setting Is indiceted on the emmater.

NOTE

Under certain conditions of line and /cad, it /s
possible for the supply to provide more than rated
output power and still maintain regulation. If this
occurs, the unit will operate normally and the
OUTPUT UNREGULATED indicator will be off,
Howsver, tha slightest change In either line or
foad may csuse the unit to go out of regulstion.
Operation of the unit bayond the ratad-output-
powsr boundary is not recommanded under any
clrcumstance.

34
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3-28  Ta adjust the supply for constant voltags oparation!

a. Tum on supply and, with output tsrminals opon, adjust
the VOLTAGE control for tha doslred output voltage, Then
turr. powar off,

h. Connoct a ahort across tho rear-panel + ond — output
tarrr Inals, rosiors powor, anid adjust the CURRENT contral for
tha desired maximum output curment, Then turn power off and
ramove the short, If a load chango causes this currrant limit to
bo exceeded, the supply automaticsily crosses ovor to con-
atant current oparatlon ot this presat cerrant limit and the ocut-
put voltaga drops proportionately. In aetting the current limit,
mako an adequsta silowance for high pack curtents that could
couse unwanied crossovor,

3-29

3%  To adjuat the supply for constant cutrent oporation:
a. ‘With supply tumed off, connact a short across tho rear-

panel + and - autput terminals, tuin the power an, and ed:

just tha CURRENT control for tho desired output current,

b. Tum powor off, open tho uutput tarminals snd adjust the
VOLTAGE control for tho deslred maximum output voltage, i
8 load change causss this voltage limit to be exceeded, the
supply automatically crosses over to constant voltage cpera-
tion at this presat voltaye {imit and the output currant drops
prcpartionately, (n setting the voltage limit, make sn sdequate
allowance for high peak voltsges that could cause unwaonted
croasover,

3-31

Constant Voltago Opaeration

Constant Current Operation

Qvervoltage Protection {OVP)

3-32  Adjustmaent, Tha ovarvoltage irip polnt is adjusted
with the single-turn OVP ADJUST scrowdriver control on the
front panel. The approximate tnp voltege ranga for this wnit is
from two volts to 63 volts, When the overvoltage protaction
circult trips, the supply is inhibited and delivers no output
power; the QVP snd QUTPUT UNREGULATED Indicators on
the frant panael light. Rotating the contro! clockwise sets the
trip voltaga highur, (It [s sat to maximum at the factory.)

3-33  Whan adjusting tha OVP tip paint, the pasalbliity of
false tripplng must be consldared. If the trip voltage Is sot too
cluse to the supply’s oparating voltage, 8 transient in the out-
put would folaely *rip the OVP. For this renson it is recom-
mended that the QVP trip votiege be sot higher than the out-
put voltage by at least 1,5 volts + 1% of the output voltage,
To adjust the QVF trip voltage, proceod s fallows:

a. With QVP ADJIUST control fully clockwisoe, no load con-
nected, tum on supply.

b. Sat output VOLTAGE cantrol to desired trip voltage.

¢. Turn OVP ADJUST cantrol counterclackwise untll OVP
clreu's trips; red OVF indicator lights and output voltage falls
ta zero,

d. Tum off supply and turn down output voltaga.

o, Turn supply back on and set desired culput voltage.

334 Resetting the OVP Clrcult, If the OVP circuit trips
during normal operation, the ac LINE switch must be turned
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off tor ot lsast twu saconds and than back on to reset the cir-
cult, if the QVP cireult tips continuously, chack the load
and/or the trip point satting, If the supply does not operato
properly  aftsr the OVP circult (s rosot, procesd to
traubleshooting In Sectlon V,

336  ALTERNATE OPERATING MODES

3-36  Tho altomate operating modos discussed In the
following paragraphs include: remote vaoltage ssnsing, remote
programming, suto-parallel operation, outo-sariea operation,
ond outo-tracking operstion, By changing the reor-panc
strapping pettamn according to the instructions which follow,
tho wupply can be operatad in any of the mades listed above,

[ waRNING I

Disconnect Input ac power bafore changing any
rear-panel connections and make cartsin all wires
and straps are properly connectad and terminal
strip screws are sscursly tightsned before
reapplying power.

337 Remote Voltage Sensing

3-33  Bscause of the unavaldable voltage drop developed
in tha load [eeds, tha normal strapping pattern shown in Figure
3-3 will not provida tha best possibla voltage regulation at the
laad. Tho remots sansing connections shawn In Figura 3.6 im-
prove the voltage regulation at the load by manitoting the
voltage thora [natead of 8t the supply’s output terminals, (The
advantages of romote sonsing epply only during conatant
voitsge anerstion.) When using remote sensing, turn off the
power supply before changing the roar-panc! straps, sense
leads, or load leads. The following paragraphs dlscuss some
procautians that should be observed whan making n remote
sonsing installation,
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339 Tho load leads should be of tha hoaviast practicable
wire gauge, ot loast heavy enough fo limit tho valtage drop in
eoch lead to 0,6 volts, Tha power supply has been dosignad to
minimiza the effocts of lang load lead Inductance, tut beat

results will be abtainod by welng the shortest lued lends
practical,

NOTE

Because the OVP circult monitors voltage at the
rear terminals and tharc Is an unavoidable voltage
drop In the locd leads, it may be necassary o

roadjust the OVP trip point In remots sensing
moda,

340  Sinca the sansing leads camy only a fow milllsmperes,
the wires usad for sansing cen ba much lighter than the load
loads {AWG #22 Is genorally adequats;, but they should ba o
ahlelded, twistod pair ta minimize the plekup of extornal nolss,
Any nolse plcked up on the saneing leads will appear at the
supply’s output, and CV load regulatiun may be adversaly af-
facted. The shield should be grounded at one end only and
should not be usad as one of the sensing canductars. The

sansing Jeads should be connected as close to the load as
posasible,

34 The sansing leads aro part of the supply’s program-
ming circuit, so thay should ba connectad In such a way as 10
moko it unlikely that they might inadvertently become open
circuited. If the sanse leads open during aperation, it Is possi-
ke that the loud voltage will rise above its pregremmed value,
Theralora, it is recommended that no switch, relay, or connac-
tor contacts be included In the remots sensing path.

342  Remoto Pragramming

343 Thoe output voitsge and/ar current of the power sup-
ply can ba remotely controlled by external roslatence, voltage,
or curront sink. Programming can be accomplished via the
standard rear-pancl screw-un terminals or vis the option con-
nastor un units equipped viith System Option 002, Standard
programming fs duscribed in this section; programming with
Syatem Option 002 Is described In Appendix A,

3-44 Far rosistance programming, o varieble resistor can
control the output over it entire ranga. To restrict control of
the variable resistor to a mited partlon of the output range,
fixed resistors can bo corinectad In serles end/or parallel with
the variable resistor, Altematively, a switch can be used to
select fixed velues of programming resistance to obtoin a sot
of dlscrote voltages ov currents, (It Is recommended that
make-before-break switch contacts be used, to avoid pro-
ducing the output voitage splkes ceused by momentarily
opening the programming taiminals. The output voltage will
drop momantarily while both sats of switch contacts are
closed. If break-hafnre-make switch contscts gro used, the
autput voltage will risa momentarily while both sets of switch

contacts ore apen. Depending on the switching epeed, this
may trip the OVP.}
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345  To malntain tho tempurature and etability spacliica:
tlons of tha supply, any reslstors used for programming must
ba otable, low-nnlsa reslstors with e temparature coofficlant of
loss than 26ppm per *C and a power rating ot lasst 10 timos
what they will nctually disslpate,

3-46  Bath voltagy and current outputs can also be cop-
troflad by o voltago scurca., A voltage scurce of 0 to b volts
pragsama tho output from zero to full scale, Voltoge sources
of mora then 5 voits ¢an ba sceled down to the proper range,

347  Current programming of both voitsge ond currant
outputs Is possible alsa, With current programming, the sup-
ply’s awn conatant cutrant sourcaes aro used to provide current
through an extornal rasistance. A controllable current aink,
such ps 8 DAC, In paorallol with tho axtarnal reslstor sinks o
controllable parcentage of tha current around the resistance,
Tho remeining currant flows through the axternal resistance
ond dovalops a voltage that programa tho powar supply. Tha
DAC used for current progremming must ba cepebla of sink-
ing 0-2 mA end must hava a compliance voitsge renge of 0 to
+G6V,

NOTE

The G012A constant-cutrant source must bhe
calibrated to provide exactly 2 mA and the DAC
must sink exactly 2mA whaen It fs programmed for
zero output, Otherwise, there wiil be a fixod error
that will be ralatively large compared to the xsro
output desired, The DAC must have a very fow
temperature coefficlent to avold drifting, Most
DACs have a temperature-compensating resistor
through which they sink current, but this com-
pensation Is nat effective when used with an ex-
ternal resistor such as that used when current
programming the power supply. Both of thase
arror possibiiities, mis-calfbration and
temperature drift, are most pronounced when
programming zero or near 2ero output fvolts or
ampares).

For these reasons and for reasons given in the
current-programming paragraphs, it fs recom-
meanded that current programming of eithar out-
put voltage or output current be accomplished via
System Option 002,

348  Cannscting 8 supply for remots programming of out.
put voltage or current dissbles the correspanding front-panel
cantrols,

3-49  Thae{ollowing paragraphs discuss in greater detali the
methods of remately programming the output voitage or cur-
rent using either a resistance, voltage, or current Input,
Whichevar mothnd Is used, the wires connecting the program-
ming terminals of the supply to the remote programming
davico must be shislded to reduce nolsa pickup, Tha outer
ghlald of the cabls should not he used as a conductor, and

3.6

should ba connocted to ground ot one end anly, (For clarity,
Figures 3-8 through 3-13 do not show shleldad coble.)

3-60  Although the following connaction drowings (Figurea
3-6 through 3-13} show the supply strapped for local sensing,
remote programming and remote voltoge sansing do not in-
torgct and may bo used aimuitonecusly,

361 Reslatance Programming of Qutput Voltage,
Tho roar-panel connactions shawn In Figure 3-G allow tha out-
put voltage to ba varled by using an external resletor to pro-
gram tho supply, A programming resistar variatxe from 0 to
2600 ohms producas a propartional output voltagn from zero
to full scala, Note that fixed reslstora may be coninactod In
garlos and/or parotlul with the variable programming raator
to sot lower and/or upper cutput voltage limits, The resultant
programming resistance s the sum of the serias/parellel
rosiator cambinotion, and must be batween 0 and 2500 ahms,

3-62 For exsmple, 6 1250 ohm rosister cannected (h series
with the varfal'; programming rasistor will sot the Jower ilmit
for autput voltaga at ene-hall full scals, I,0,, 30 volts, A 1260
ohm resistor connected in paraliel with 2 2600 ohm varioble
programiing resistor will set the upper limit for output voltago
at 20 volts, Connacting tha paraliel reslstor directly from tor-
minal A7 to — S will limit tha autput voltzpe aven If the remotn
programming leads become open circulted,
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NOTE

i the programming terminals (A7 to — S} becoma
opan chrculted during resistance programming,
the output voltage will tand 1o rise shove rating.
The supply will not be damagad If this occurs, but
tha QVP trip point should he proparly adjusted ta
protsct tha user’s load,

363 Valtage Programming of Quiput Voitago. The
rear-panel connections shown In Figure 3.7 ollows the cutput
voltage to be varied by uslng an oxtemal yoltage source to pro-
gram tho supply, A vollage sourca varighle from 0 to + 5 volts
producas e proportional output voltage from zero to full scale,
The load ¢n the programming sourco s jess than § pA,
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Flgures 3-7. Voliage Programming of Qutput Voltage

3-64 Scaled Valtage Programming of Output
Voltege, Tha rear-panal connaectiont shown in Figure 3-8
ollow the output voltaga to bo varled by using an oxternal
voltage source of mare than B volts to program tho supply.
Tho ratlo of the resistance values in the voltage divider must
ba salacted 8o that tho voltage ot the contar tap of the divider,
A7, varies from 0 to 6 volts as the programming voltage source
varias from zero to maximum,

3.66  Tha totol reslstence of the voltege divider should be
os small as pracileal without oxcessively foading the external
voltage source, This minimizes dagrading the programming
speed, offset, and drift specifications, Tha voltago divider ap-
paars as a pasalic) pair of resistors to the power supply. An
equlvalent resistance of bk will approximately double the up-

3-7

programming tima, An equlvalent reslstanco of less than jk
will moke the degradatien unnoticeablo In most applications,
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Flgure 3-8, Scaled Voltage Programming of Qutput
Voltage

366 Curront Progremming of Qutput Voltage, Tha
rear-panel connectivns shown In Figure 39 allow the output
voltago 1o bo varied by using an extemal current sink to pro-
gram tha supply. In this configuration tha supply's awn con-
stant current sourca Is used to develop o voltago across tha
rosistor, A currant sink, such as a DAC, connected In paraliel
with the resistor slnks part or all of the currant, and thareby
dotarmines the voltage davelopad across the resistor, {Sea
nota follawing Paragrapis 3-47,) A curment sink variable from 2
mA to 0 mA produces an inversaly proportiona) cutput voltago
from zero to full scale. Many DACs Includa a sign-changa bit,
80 that a zero digitsl input to the DAC will praduce 4 0 volt
output from the power supply, 8nd & maximum digital Input to
the DAC will produce a full scala output frm the power sup-
ply. Note that the VOLTAGE contral potentiometar can ba
used in place of the external resistor by connecting AB and A7
In place of the 2.6k resistor cannectod batween A7 and - S.

CAUTION '
bt oo

if the DAC s turned off or the program leads
open, the output voltage will tend to tise above
rating. The supply will not be dsmaged Il this
occurs, but the OVP trip point should be property
adjusted to protect tho user's load,
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367 Arnlstance Programming of Output Currant, The

The supply will not be damaged If this cccurs, but
the user's ford may he demaged. If there is a

358 Voltage Programming of Output Current. Tho

—=

E
rae rear-pencl connections shown in Figure 3-10 sllow the cutput  rear-panel connoctions shown In Figure 3-11 allow the output =
— current to be vaiied by using sn extornal reslstor to program  currant to be varied by using an extamnal voltege sourcs to pro- cnd
= the supply. The discussion in Paragraphs 3-61 and 3-62 for  grum tha supply. The discussinn In Paregrsph 3-63 for cons- i
== constant voltage oparation also applies for constant curent  tant valtagn operation also applies for constant current opora- =
= operation, tlon, E
= CAUTION [ + 8h o - %
= 21 E
= I the programming terminals (A2 to AB) becoma a3 =
== open circulted during resistance programming, =
= the output current will tand fo rise above rating. A4 E

A3
the maximum that the load can handie without =
damage. For example, {f the load can handle 25 VY =
ampares (ona-half of full scale), a 1260 ohm =
resistar should be connected from A5 fo A2, =
Ramembaer that the resistsnce value actusily pro- !-':;
= gramming the supply Is the parallel combination |+ =
% of tha programming resistor and the optional | =
T VOLTAGE =
— resistor, SOUALE, E
= 0-ov =
=8 =
E | Flgurs 3-11, Voltage Programming of Qutput Current =
=y E

possibility that the programming leads may ba
opanad, it is suggested that the optional resistor
ba connectad directly across terminals A5 and A2,
as shown In Figura 3-10, The value of this resistor
should be selscted to imit the output current to

3.8
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369 Scaled Voltage Pregramiming of Qutput Cur-
rent, The roar-panal connections miown In Figure 3-12 allow
the output cumraivt to be vared Ly using an extemnal voitsge
source of more than B voits 17 program the supply. The
discusslan In Paragraphs 2-64 and 3-5G for constant voltage
oporation sleo spplies for constant cu-rent opanatlan,
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Figure 3-12. Scaled Voltage Pragramming of Qutput
Currant

3-30 Current Programming of Qutput Curront. The
roar-pancl connections ehown In Figuro 3-13 allow the output
current to be varled by using an external current sink to pro-
gram the supply. (See note following Peragraph 3-47.) Tha
discusston [n Paragroph 3-56 for constant voltege operation
slso epplies for constant current operation, except that the
CURRENT control can be used In place of the external resistor
by connecting A4 to A3n place of the 2,56k reslator connacted
batwaen A3 and AB,

CAUTION

If the DAC /s turaed off or tie program leads
opan, the output currant will tend to rise above
rating, The supply will not be damaged If this
accurs, but the VOLTAGE control should be ad-
Justed such thar the supply will switch to CV
mode ance the output current reaches tha highest
favel the load can absorh and/or the OVP AD-
JUST should be set to shut down the supphy,

3.8
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Flgure 3-13. Current Programming of Qutput
Current

3-61 Auto-Paraliel Oparation

3-62  Figura 3-14 shows tha rear-panel Interconnections re-
quired 1o auto-parnllel two or moro units, This mode of opera-
tlon provides a greater current capshbility then can be obtsined
from a single supply, while ensuring that each supply will
gharo the load proportionally to its own total power capabllity
under all load conditiona, For exampla, if a 1000W supply and
200W supply ware auto-paralieled, the 1000W supply would
provide 5/6 the total current und the 200W supply would pro-
vide 1/G the totel current. Tha 6012A can be auto-paralieled
only with other autoranging units, or with units that have
cuirent-monitaring output signals thax ero Intarmally refer-
enced to tha - output and oqust to + BV et maximum rated
cumrent autput, Any number of supplies may be connected in
aulo-parallel,

NOTE

Use wire of equal langth and gauge to connect
esch auto-paralisled supply to the fosd, Load
sharing will not be aqual uniess the leads coninec-
tng esch supply to tha load are equal In
resistance. If it Is Impractical to run Jeads from
sach supply to the load bacause of distanca be-
tween the supplles and the load, lsads of squal
length should be run from each supply to com-
mon distrfbution terminals, with a singls palr of
feads run from the distribution terminals to the
foad,
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7$8  Auto-Pamlldl with Remote Progiamming, Thae
onfput voltage and/or current of an auto-parallel comalnation
cen ba remotily progromn.4d, Remola programnuag connec-
tlons ura mede to tha mastar supply, Observa ofl .. scautions
outlined Ir the remote pragramming parsgrophs,
Simultanaous yse of remota sensing ond remote programming
Is also posstble during auto-parallel operation,

NOTE

Because only the mastar can down-program the
oulput of an auto-parallal combination, down-
programming speed will be reduced under no-
load conditions.

367  Auto-Serles Operation

Figure 3-14, Auto-Parallel Operation

363  [3etting the Voltage and Current Controla, The
suto-pan llel combination of suppiles behaves as If it were a
singlo conatnnt vollaga/constant currant supply controlled by
the voltaga and current controls of the mastar supply. The
cumrent controls of the slsves aro disabled. The voltsge con-
trols of thae slaves should ba sat sbove the desired output
vaitagu to avolid interference with the master

384  Ovarvoltage Protection In Auto-Parsllel. Adjust
the QVP trip point ot tha mastar sdpply, Tho slave supply OVP
controlls} may bo sat to the soma level or to maximum (fully
clockwise) to disable them, If the master QVP trips, tha master
will program the slaves to zero cutput, if a slave OVP trips, |t
shuts down only that slave; the othar units supply more cur-
rant until tha master switches to CC mode.

3-66 Auto-Paralisl with Remote Senaing. To combine
auto-paraliel operation with remote sensing, connect the sup-
ply ns described above but remove the +S and - S [umpen
from the master supply end connect the +5S end -- S ter-
minals directly to the + and ~ ends of tha load, Chaorve the
precautions outiined under Paragreph 3-37.
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Figure 3-16. Auto-Serles Qperation

368  Figures 3-16 and 3-16 show the roar-pandl intarcon-
nectlons required to operate two or moro supplies in auto-




sqrios, This mode of opomstion provides a greater vollsge
capabliity than can be obinlned from a slngle supply. As many
as four suppliea can bo connected In auto-serfas in the con-
figuration shown n Figura 3-15, and as many ns ofght supplics
can ba connactad If tho power supply combination and losd
aro conter-tapped as In Figure 3-18 (with no mora than four
aupplies on esch slde of the center tap), Either configuration
sltows all the supplies to be programmed simultaneously by
the voltage and current controls of the master supply. The
master supply must always be the one at the positive end of
the series combination, Any point of the cutput can be
grounded if Jesired, ra long as pio other paint In tha output is
more than 240 volts {including output voltage) from ground.

360 The cutput voltage of each slave supply varies in
diract proportion to that of the master, The mtio of sach
slave’s output voltage to the master's is establiyhed by the
ratio of the roelstors in the voltagoe divider cannacted hotwoan
thu + Senso of the mastor ond the - 8 Senao of the elave,

370 Any power supply capable of suto-serlos operntion
can bo used in the suto-serfes comblnation. The supply with
tho jfowest current rating limits the maximum output current of
the combination. Any wull-rogulsted, variabla-output supply
can he used as tha master,

N In applications In which coordinaced positive ond
negative voltages are required, center tapping tha supply com-
bination and load as shown in Figure 3-16 allows simuitenecus
proportional control of both supply voltages,

CAUTION i

I mora than four supplies are connected togather
in an auto-serfes combination, be certain that
neither the more positive end nor the more
negative end of the auto-series combination is
mare than 240 volts fincluding output voltags)
from ground,

372 Setting the Voltage ynd Current Controls. Tho
suto-serfes coinbination of suppiles bahaves as if it were 8
single conatant, voltage/conatany current supply controlled by
the voltage and cument controls of the maater supply, The
voltage controls of the slaves are disabled, The cumrent con-
trols of the slaves should be eat ébave the desired output cur-
rent 1o ayoid having a slave switch to CC moda.

NOTE

The :urient controls of the siave supplies can be
disablea! by disconnacting the straps between tha
A3 and A4 terminals and connocting & resistor
batweoy A3 and A5 on each slave. The resistor
value should ba chosen to program a current
greatarithan the desired output cumen!. (See
Parsgriph 3-67,}
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Figure 3-16. Auto-Barfes Qparation, Posltive and
Negative Qutputs

373 Resistor Values, Agshown, each slave hes an extar-
nal voltaga divider, Ry £nd Ry, that detormines its program-
ming voltage. The ratio of Ry to Ry determines the ratio of 8
slave’s outpur soltage to tha autput voltage of lis mastor (the
next mayo-positive supplyl. To determina tha velue of Ry and
Ry, fimt choosa tha ratio of the slave output veltags to the
uutput voltage of its maater (Vpg/Vg), select a volue for Ry,
and then daterming thae value for Ry by solving this equation;

Ry = [IZ(Fly) ¢+ !M)}—Ry.
Vs

Far example, assuine a two-supply combination that is to pro-
vide 90 volts, 60 volts from the mastar and 40 volts from the
slavo. If wo select o value of Tk for Ry, the equation becomes:

Ry n[u(ww) G+ -j‘%)] - 1000

Ry = [12,000(2.25)) ~1900
Rx = 28,000




374  Nota that the olave outhut volisge may be loww
than, equal to, or pigher than tha maater attput voitsga.

376 Two factom must bo covidured witen videcting the
resistance vaiuo of Ry; the effict un programming spacifica-
tions, particularly snaed, and the powe: that the realstor wil
heve to dissipate, In ;> nroviowd example, with a tofal
resiatance of 27k acroes &n ou, i o 65U volte, Hy will have o
dissipate 200 millhwatts »~d Rv v.ill have to disalpats slightly
mare than 11 mitilv.atte, Lower restytance vatuee of Ry and
Ry will Increase programming spaid whilo Incressing the
antount of pownr that By and Ry wil have to dissipats,

3-78  To maintain the tsmperature soofficlont and steblity
specifications of the supplies, Ry and Fly must be stable, low-
noise rociators with tomporeture cooff'conts of less shsn 26
ppin per °C and powsr mtingd of &t Isnst 10 timas what they
will actusily disgipats,

3-77  Thefroni-panel VOLTAGE contral of the slava can bo
usod in placa of Ry by connecting a strap from A7 of the slave
to A8 of the slave. This cnables the usor o vary the percanl.
age of the total voltaga contributed by the slove, For calcula-
tion purpoces, use a resistance veloe of 2,7 for the VOLTAGE
cotfrel when it Is sat to maximum,

378 Overvoltage Protection In Auto-Geries, Sot the
OVP tip point In esch supply 1o that } trips at & leved higher
than the voitage that supply will contithute, i 1o master sup-
ply OVP trips, the master will program the slaves 1o 7710 out-
put, If o slave OVP {ripe, that slave and all slaves betvween H
&nd the negative end of the series will go to zero ouput; all
units more positive then tho tripped elave (which includes the
mastor) will continue 1o supply their set output voltage,
vhereicre, the total output voliage of v auto-series com-
bination vdll ba the sum of the cutputs /rem the master plus
any slaves betwaen the measter and the tripped slave,

379  For maximum protection sgalnst overvoitage, sat
aach unit's OVP dlightly higher {1,6 vilta + 1% Vgyt) than
the voltage it will contribute, For maximym protection against
fe'de tripping, sat the slave OVPe to maximum and ad ust OVP
a1 the master,

380 Auto-Serles with Ramote Bensing. To combine
guto-series aperation with remots sensing, connect the sup-
plies as deacribed sbove but remove the + 8 jumper from the
master supply and the - S jumper from the most negative
supply, and connect the + S end the ~ S terminals directly to
the + and - ands of the foed,

381 The output voltage and/or current of an suto-saries
combination ran be rerotaly programmed. Remacta program-
ming connections ore mede to the master supply. The
percentaga of the total voltage contributed by a wlave can slso
be remotely programmed by connecting 8 variabla rosistor to
the slave In place of Ry, Observe &ll precautions outlined In
the remote programming paragrephs. Simuitanecus use of
remoto sansing end remots programming Is glso possibia dur-
ing auto-series operation,

362  Autn-Tracking Oparation

3-8)  Fguro 3-17 shows the Interconndctions required to
oporate two or nwre units In auto-tracking mede, This mods
of opemifon vluws multiple supplies that share o common
negetivo (or positive) output bus 1o power separate lowds and
hawrs thelr output voltages simuitaneously programined by the
voitage end currént controls of thy mastar supply. The cutput
vollege of each slsva supply varies In dlrect proportion to that
of the master, The 18tio of each dave’s output voliage to the
muster's b qutablished by the rathy of the resistors in the
voltags dnides connected between - 8 of the master end - 8
of the nlave.

ASTEN

Figure 3-17. Auto-Tracking Qperation

384  Figure 3-18 shows the interconnections required to
provide bath positive and negative outputs from an euto-
tracking combination, As cen be seen, tha only difference
from standard auto-tracking oparation s that the + output
terminal of slave #2 inatsad of the — output terminal is con-
nected to the common bus. There Is no limit to the numbar of
supplies that can be operated In efther auto-tracking con-
figuration,



Figure 3-18. Auto-Trecking Opearation, Positive and
Negative Qutputs

383  Revlstor Values. The method for determining the
velues of Ry and Ry in Figure 3-17 is similsr to that given in
Paragraph 3-73 for suto-series inode, Finst choces the ratio of
the stave output voitage to the master cutput voitage, select a
value for Ry, and then determine the value for Ry by solving
this equation:

Vm
389  For example, assume a two-supply configuation in
which the dlave gutput Is to vary from 0 10 50 voits while the

master autput varies from 0 to 30 volts, If we select a value of
1k for Ay, the equation becomes:

Ry = 1000[(12%% )- 1]
Ry = 1000 [7.2- 1]
Rx = 6200

387 The same factors that govern the cholca of Ry In
suto-gories mode epply In auto-trecking mode,

368  FRepeat the procesa for sach slave, with each wlave
refarsaced 1o the sams {maste.) supply {unlike auto-saries
maoda). Note that the slsve cutrut voitage may he lower than,
equafl to, or higher than the master output voltage,

383  For suto-trecking operation with both poaitive and
negative outputs, as shown In Figurs 3-18, tha equation In
Paragraph 3-68 Is used to determine the vaiues of Ry ond Ry
for the slave providing poaitive outputs, and tha squetion In
Paregraph 3-73 Is usad to determine tha values of Ry and Ry
for tha slaves providing negative outputs,

390 Yo maintaln the tamperature coefficient and stabi'ty
spacifications of tha supplies, Ry and Ry must ha slable, low-
noise reaistors with temperature coefficionts of less than 256
ppi per °C and power ratings at least 10 timaes what they will
actus'ly dissipate,

341 Thefront-panet VOLTAGE control of the slave can e
used [n place of Ry by connecting a strap from A7 of the slave
10 A8 of the slave, This enablea the user to very tha rstio of the
save output voltage to the master output voltage. For calcu.s-
tion purposes, use a resistance value of 2.7k for the VOLTAGE
control when it is sot to maximum,

392  Setting the Current Controls, The cument contro’s
of all supplias in an suto-tracking combinution ars In-
dependantly cperative and can bo used to set current limits for
each Individual load. If the master supply goes Into tha con-
stant current mode, the vufput voitages of the slavey continue
to track that of the mester. If o slave goes into constant cur-
rent maode, however, no other supply Is affecter],

383  Overvoltage Protection In Auto-Tracking. Sot
the OVP of each supply as sppropriate for tha [oad connectad
to that supply, If the mastar supply OVP trips, the mastar will
program the slaves o zero output. |f a slave QVP trips, only
that sisve and hs load will be affected,

323 Auto-Tracking with Remots Sensing. To com-
bine auto-tracking operstion with remote sansing, connect the
supplies as described above but remove the +S and - §
lumpers from each supply end connect the + 8 and - S tar-
minals directly to the + and - enda of its load,

396  Auto-Tracking with Remote Programming. The
output voltages of an auto-tracking combination can be
remotaly programmed by programmming connactions made
to the master supply, In additlon, the ratio of sach slave’s out-
put 10 the maater’s output can be remotely programmed by
connecting a varisble resistor to the slave in place of Ry, The
output currents of the indivicual suppties can also be remetely
programmed. Observe all precautions outlined in the rernote
progiamming paragraphs, Simultanoaus use of remots sens-
ing and remote programming is also possilde during suto-
tracking operation,

3-13




3-.90 I-MONITOF OUTPUT SIGNAL Tha slgnal varles from 0 to 6 volts to Indicate & zoro (o fuil scolo
{BOA} current output, Thy - wrminal of the voltmalar should

307  An omplified ond buftarad output signal from tho bo connaated to tarminal AB, Qutput impadance at termins!
ourrent-monitoring rechytor is avallablo batwoaen terminals Al Al I8 102 o lond of 1 magohm will maintain 2% rending
and AG on the roar panot. Thia signel can bo connacted 1o a nccuracy.

remote voltmataer to IAdicate the amount of output current,
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SECTION IV
PRINCIPLES OF OPERATION

4-1 DIFFERENCE BETWEEN AN
AUTORANGING POWER SUPPLY
AND A CONVENTIONAL
POWER SUPPLY

i§-2 The main diffarence botwean an autaranging powar
supply and conventional types of constant voitogae/constant
currant {CV/CC} powar suppling can be saan by compar'ng
the oulput charnctorstlcs of geach, A conventlonal CV/CC
powar aupply can pravide moxlmum output pawer at anly ana
cambinatian of outpul valtage and cyrrant, as shown in Figura
4-1A. Tha range of o powar supply can ba axtanded by design-
ing an Instrument with two ar mare awitch-salactoblo
valiga/eurrant rangas within the maximum power output
capabllity, oe shown in Figura 4-10. The GO12A sutoranging
pawar supply provides maximum qutput power over a wide
ond continuJus range of veltage and curran® comblnations, as
shown If Flgura 4-1C, without the oporater having to selact
the proper cutput range,

4-3  SIMPLIFIED SCHEMATIC
DESCRIPTION

4-4 The bosle oparating concepts of tha G012A aroe shawn
on the simplified schematic, Figura 4-2, and descrilyed in the
follawing paragraphs. Detalled deccriptions are provided only
for those individual clrcuits and componaents whose operation
may not be ohvlaus to the user. Tha clrewlt names ond fayout
af thn simplifled schematle are the sama as uased on tho com-
plate schemstic In Sectlon VII; howavor, some items, sucii s
the Diaplay Clicults, are left off the simplitied schematic for
clarity. The haavy lines reprasent tha input ralls and output
ralls, Positive logle convantions are used; signals with a bar

ara low when trug, {E.g., ON INKIBIT goes low to Inhibit on
pulses, high to onable on pulses.)

4-6 Basale Concapt

4.0 Tha 6124 I8 a fiyback-typa switching powar supply,
so-collad from tha flybuck techniqua al ganorating high
voltaga in talovision racalvars. in vhe GA12A, anaergy [s stard In
the magnniic flold surreurding a unnsferma while current
flows in tha prirory, and this enorgy s tranafarred 10 the
secondary clrcull when current flow In the primary Is turied
off, Currant flow In the primary Is controllod by FET swltches,
which ara turnod on and off at 4 20kHz rate by o pulsa width
madulator, Regulation is sccamplishad by cantrolling the on
tima of the FET switchad, On pulsaes are initisted by o clock clr-
cuit, OIf pulses ore Initiated whan cyrrant flow in tho primary
has stored enaugh enargy for the output clreuit, which is
datarminad as follows,

4-7 Tha oulput valtagy and current are compared o
roferance vaoltag ns sat by front-pancl contrels to produce A
contral valtaga, The control voltage indicatan the smount of
powar required by the output circuit, Current flow In tha
primary circult produces o ramp voltage that represents tho
amount of cnergy being stared tor tronsfor to the output ¢h
cuit. An off pulsa Is goneratad when tha ramp valiage uxceods
the control voltaga.

4-8 Input AC Clrcuits

4.9 Primary power Is cannacted thruugh the RFI Fliter o
tha LINE switch and contacts of relay ATK1. Whan tho LINE
switch closes cumrant fiows thraugh AR and A R3 and tha
Input Bridge/Daoublar to charga the Input Flltar. A jumpar In

A TYPICAL CV/CC

1000w SUPPLY 1000w SURPLY

6oV}
e (i et
20v TTO‘:)’;QOUT 20v
|
2BA 26A B0A 175A B0A

B DUAL-RANGE Cv/CC

C. MODEL €042 1
AUTORANGING 1000%W SUPPLY

Figure 4-1, Qutput Charactoristics; Typicol, Dunl-Range, and Autaranging Su- g 48
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tha Input Brid, ¢ Qoublar clreult, W1, connacta the circuit ns o
voltega doublur for 120V oparatian, so that for any nominal in-
put voltage the [nput tiltar charges to spproximataly 300Vda.
Reslstora AIRT and ATR3 lmit inrsh current while the
copacitors [n the tnput Filter change up after the Instrument s
turnsd on. After o one-sacond delay provided by the AC
Diropout Dolactor/Slow-Stor? Clrcult, reloy A1KY closas and
shorts out ATR1 and AIRY,

4-10  Primnry powor s also connacted to the Blas Powor
Suppliss and the Ralay Drivar. Tho Glas Powar Suppllos pro-
duca the +BV, 4 16V, and ~ 12V usad throughaout the 'netry.
mant, snd tho + 11V used by the FET diivars, Alao provided
froms the Rlas Power Supply clrcylts ara tho $20Hz-pulsa input
10 tha AC Dropout Datector/Stow-Start Clreult and the + 6V
unrequlated-voltege Injut to the Blas Voltage Datactor. Those
two clreults operate ns doscribed in later parayrephs to pro-
duce the rolay-annblo signal that contrals ralay A1KT,

411 Currant flow from the Input ralls through Power
Tronaformer AYT2 Is controlled by o parollel pair of FET
switches In each of the two identicai FET and FET driver cir-
cults, On and off slgnals for tho FETg are darived fram thae
Pulse Width Modulotor (PWM), as will be described shorily
Tho on pulsas are applled through drivars AJU2A, UZB, and
U1A and transformar A3T1 to tha gates of FETs A3QY and Q2.
Although the on pulse is less thon 2 microssconds duration,
the FETs' input copacitanco holds the FETs an altar the or
pulsa has disoppesrd,

4-12 Whet: the FETs sro tumned an, current flows through
tha primary of Power Transformer A1T2, (One of tha loads for
A1T2 sarves os the primary for Current-Monb.¢ Transformor
A1T1.) Quiput Dlodo A4CRY I8 reverse bigaed and blocks cur-
rant flow thraugh A1T2 sacondary. Conaequantly, enargy in
stared In the flold that builds around the A1T2 transformer
windings. Tha lon4or that voltago Is applied to the primary,
tho mare anergy s stared.

4-13 Current flow in tha secandary of A1T1 davelops the
|p Remp Voltoge ocross roslstars A2R69, RG3. The omplitude
of this linearly Incressing voltage carresponds te the amount
of cuirent flow through the AIT2 primary; therofore, it
rapresants the amoent of aenergy baing stored [n the flald
arounid A1T2, It s this |p Ramp Voitage that Is compared to a
contral valtage to daterming whon tha FETs should be turned
off.

414 Off pulses for the FETs ars applied through driver
A3U1B and transformer A3T1 to the bose of transistor A3Q3,
A303 turns on and shorts the FETw’ gotes to sourcas, thoraby
turning the FETu off, Whan the FETs turn off, the callapsing
magnatic fiald raverses the polority across the A1T2 primary,
and curront flows from A1 T2 sacondary through Qutput Diode
A4CR! to charge output copacitors AIC11, A1C12, and
A1C21, Tha lavel to which the autput copacltors are chargod
corresponas to tha length of time that the FETs sre an and
currant flows in AIT2 primary.

4.3

416 Whaon tha FETs turn off, tha laakage inductance of
A1T2 dovelops o small amount of ravarsa currant fiaw in the
primary cireult, Flyback Dlodes A1CR3 and A1CR4 protact tha
FETs by conducking thls current oround the FETs and back 1o
the [nput Filter, Voltage splkos are filtared by the Snubber
naetworks,

4-16 It can La goon that the power available in tha ouput
circult corraapands to tha duty cyclo of the FET switchas, The
following paragraphs dascriba the mothad by which output
vollage ond cutront arg sensed 1o contral the FET duty cycla,

4-17  Constant Voltage (CV) Circuit

418 The Constont Voltage (CV) Clrouit compnros a
parcantage of the output voltaga 1o tha CV Programming
Voltnge set by the VOLTAGE control, Any dilferance s
amplified to astsblish 8 contiol voltage, as follows,

4-18 Currant from tho Constant Current Source f{lows
through VOLTAGE contral AGR2 to dovelop tha CV Pragrsm-
ming Voltage at tarmingl A7. The fuval of this programming
voltage Is dependent on the setting af AGR2, Amplifiar A203
compares a froction of the GQ12A output voltage ot the
+ Senea terminal to the pragremming voltage at A7, The out-
put of AZU3 s applied to 8 sacend comparison amplifior,
A2UGB. This amplifier comparas the output of A2U3 to o frac-
tion of the Inboard + Qut, which is the + oulput voltage
sansed ot tha Inboard sida of the output {iltar, Use of two
comparison amplilier loops provides increased stability for
lond variations.,

4-20 in normal CV modeg, the output of A2UGR varlos be-
twean = ~0.6 volls ond = +1.0 valts, it Is at its most
neqolive when the load Is drawing little or no pawer from the
Instrument. Progresalvely more-pasitive valtages fram A2UGB
correspond to Incrassed power demr ad by the load, The out-
put fram tha CV Circult Is npplied to diode AZCR18,

4-21 Constant Curront i"C) Clrcult

4.22 Qporation of the Constant Currant {CC| Clrcuit is
simifor to tha CV Clrcuit, Qutput current fram the GO12A
develops o valtage ocross the Current-Monitor Raslstor,
A1R20. This voltago is amplitied and buffered by the I-Monitor
Amplifier, A2U2, 1o (solste the powar supply output from cur-
rents [n the CC Clreult, Comparison Ampiifier A2UGC com-
pares tha |- Manitor slgnai to the CC Pregramming Voltago. in
normal CC made, the output from the CC Clrcuit alsa varios
botween = ~0.6 volts and ~ +1.0 volts, and Is appllad to
diode A2CR19.

4-23 Differentistor circuit A2UTA and U1B compensatos
for highly reoactive loads, CC Clamp AZUGA limits the currant
output fram the instrument te no more than 66 amparas.




4-24

426 Tha outputs of tha CV and CC Clrcults are applied 1o
diodes that connect tG a wired-QR” junction, Whichovar cir-
cult ls roquaestng teas pawer will forward bias its cutput diode
and daterming the valtage at the wired-QR junction, As stated
aarllar, the outputs vary betwaoen — 0.6 volts and + 1.0 volta,
with tha more negativa levels ropresenting lowar pawer
domands, The wired-QR junctlon ot the snades of A2CRIB
and A2CRI0 Is binsed to + 1.5 volts, Theratora, whichever cir-
cult, CV ar £C, praducas the more nagetive outpu! will cause
its output dicde to be forward blased and therelyy determing
the Control Valtaga, This Control Valigge Is compared 1o the
Ip Ramp Voltage to determing whaen the FET switches are
turned off,

Control Voltage

4.2 For axample, assumae the autput from the CV Clreult
(AZUGR) Is +0.2 volts and the output !ram the CC Clreult
(A2UGCH's +0,8 volta, A2CR 18 will ba forword biosed and tha
wired-OR junction will be held at + 0.8 valts tincludes the 0.6
voit drop across A2CR18). AZCR19 will he raverse blased, 50
tho CC Circult will have no offect,

4.27 Pulse Width Modulator (PWM}

42 The FET switchaes are turnad on and off at n 20 kHz
tate by signols dorived from the Putse Width Madulator
IPWM). On pulses aro Initiotad by the 20 %Mz Clock signal, Off
pulsas are Inliated vwhan the Ip Asmp Voltage (which in-
dicotas the amount of onargy balnp stared for trans(er to the
output clrcult} oxceeds tha Contrul Voltage iwhich indicatos

the amount of powoer requirad by tha cutput circult). Figure
4-3 Is o timing dlagram showing tha relationship of vorlous
signals that contiol the FET switchos,

4-29 Tha mare negative level of the 20 kiHz AZU1T1 autput
rasels both flip fops A2UBE and A2UDA, and halds them raset
until tha A2U11 output goes positive, Than, tha naxt poslive
udge from the output of the 320 kHz Qscllistor triggars
A2UGB, triggoring AZUBA ond ane-shot  multivibrator
AJUI2A, The FET switches are turned on, currant flows
through Powar Transformar A1TZ, and Ip Ramp Vohage storts
to rise, When Ip Ramp Valtage exceeds the Contral Voltagae,
tha output of A2UG changas state and flip Hop A2U3A [s rasat,
tripgering one-shot multivibratar A2U128 to produce on off
pulsa,
4.30 PWM Fast Turn Off

4-31 Figure 4-3 shows that there s o dalay botwaan the
time when the Contral Voltpge |5 axceeded at A2UB and the
time when the FETs turn off, This dolay consists of the com-
parater switching tiing, gote dolays, translormor delsy, end
FET tarn-off ima, and it results In o certaln smount of powar
heing transferred to the output after the deslred off timao, if the
Conltrol Voltage is ot o vary fow lavel funit supplying littie ar no
output powaerl, this power may oxcoed the amount required
by theo load. To ofisot this, the PWM Is dusigned to raduce tha
minimum on-time of the FETs i nocessary to reduce the
powaer transfarred 1o the gutput circult. When the 20 kHz
Clock gaas high (allowing tha PWM 1o be triggered by the
naxt 320 kHz signal), A2C31 charges rapidly and expanantially
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10 a low foval, If this suxifory ramp lavel axcoods the Control
Voltage, tha PWM Initistes an off pulse, turning off the FETs
Immadiately ofter they trn an,

4-32  Primary Currant (Ip) Limit

4-33  Ip Ramp Voltage is alse compared to a praset ip Limit
ot comparison amplifier A2U13D. Ip Limit Is a factory-sat od-
justmant that limits the total pawer autput of the Instrumant,
Ordinatily, tha PWM Inltintes on off pulsa when Jp Ramp
Voltage exceeds the Cantral Voltago at A2UG, and Ip Ramp
naver rooches lp Limit ot A2U13D. Howover, If the Control
Voltnge s oxcessively high (hoth VOLTAGE and CURRENT
controls sat to ralativaly high valuas), ip Romp will exceod )
Limit, The output of A2013D changas state, Initlating an u{;
pulso,

4-34  As an odditional protection feature, If nothing clsa
rasots flip flop A2UBA (such os the control clrcult,
overtampoarature, low bios or ac dropout, or overvaitagel, it
will bo rosat by the next negative level from A2U11, uiggoring
A2U12B to genarate an oft pulsa. Tharefare, moximum duty
cycle ol the FETs Is always less than 50%.

4-36  The Ip Limit Comparato- slso lncludes o sfow-atart
circult, which limits the cutput power tha unlt con provida un-
til nfter the ATK1 relay contacts ciose complotaly.

4-36 Daown Programmaor

4-37  This clreult gltows the ouspul voltagae to ba lowered
ropidly whan requirad, In ordat to tawer tha output vottage it ls
nocossary 1o discharge the output filter copacitars (typicolly,
through the lond). In situations that require tha o stput veltage
to drop more ropldly than can be ncvom jlished through the
load, the Down Programmar pulls tha output line (o o low lavel
and dischargos the copacitors, This action con ba triggered Ly
any of thres caonditions; The CV Circult programs a much
lowar qutput voltage, an ovarvaltaga Is detectad on tha out
put, ar low blas aor g¢ dropout is detected (including oc
turnoff},

4-38 A lang-carryavar bilas supply ossoclated with the
Down Pragrommor stares enough nnorgy 1o oparole tha
Down Programmer after loss of primary vower, This ensuros
that the Down Programmer will ba oble to discharge the out-
put citcult complotoly when primory powaer is tutnad off,

4-33  Ovarvoltage Protacilen Circuit (OVP)

4-40  The Ovarvoltage Prutacticn Clrcuit rnonitars the out-
put voltage actoss the + output line and circuit common
{ — output linal. If the output veltage axceads a prosat mit,
sot by the frant-panel OVP ADJUST potentiometar, tha Over-
valtage Protection Circuit Inhibits the PWM, triggars the
Dawn Programmar, and latchas itself untll the instrument Is
turned off,
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A4-41 Tho Qvorveltnge Pratection Circult oparates from tha
lapg-carryovar blos supply sasocioted with tha Down Pio-
grammar, By unsusing that the refaronce voltage ramalns high
until oftar tha + output raachos zoro volts whan tha instruy-
ment Is turnod off, this faature pravents the Ovaorvaltaga Pro-
taction Clreult from Iatehing if tha unit s turned back on agsin
Irmimadiateny after turn-off,

4-42 AC Dropout Detactor/Slow-Start
Circuit

A4-43 This circult contalns two ramp clreults, Tha slow-
stort ramp holds the ouipul ol ths AC Dropout
Dataector/Slaw-Stort Circult, AC DROPOUT, low far approx-
imatoly ona sacand after the Instrymant s turned an, Tha AC
OIOPOUT signal oparates thraugh the Bins Voltege Detactor
to inhibslt tha pawar supply output. This one-sacond daolay
allows the Input Flltar copocitars ta charge slowly through
ATRT and AIRD,

4 44 The dropout detector ramp operates 1o shut down
tha instrumant when primary powar Is turned off or last, This
romp clreult Is ardinarlly resat by tha 120 Hz pulses in the
unragulated +6 V, If tha ramp (s not reset within approx-
mately 20 milllseconds of tha provious resat, tha output of the
AC_Drapout Datectar goes low (AC DAOPOUT). AT
DROFOUT Inhibits the power supply output, os described In
the followlng paragraphs,

4-46 Blas Voltege Detector

4-46 The Blas Valtage Detector inhlbits epaerntion of the
[towar clrcuits [f the bias voltags drops below o cortaln loval,
This [s tha lavel at which syfficlant voltage is avollable o
operste the control clircuits ralinbly.

4-47 Whan the Instrument [s turned on, tha outputs of the
Blas Power Supplles brglin to nse from zaro volts. When tha
autput of the 6V regulatad supply reaches appraximately 1
volt, trangistors In the Blios Voltage Datectar turn an and per-
farm the following functions: Inhibit the On pulse, Off pulse,
and PWM, 1trigger the Dawn Programmor; and Inhilit the
Relay Enable mgral. Whon the +6V unregulated supply
reaches appioximately 7 volts, tha OFF pulse is enabled.
When the +6V unruguluted supply reaches approximately 9
volts, the On pulse and PWM aro enohled, the Dawn Pro-
arammar triggar Is removed, and the Relay Enable signal ks
generated. (This assumes that the AC DROFQUT slgnal from
5.'.‘.‘.3_&9 Dropout Dotector/Stow-Start Clreuit s nat prosent,
AC DROFQUT operates thraugh the Blos Valtage Detector to
Inhibit the powaer circuits. Upan tyrn-on, the one-sacend dalay
provided by AT CAOPOUT ordinarlly axceeds the time re-
quired for the blas voltoge to reach the proper loval,)

4-48 The Blas Valtege Detector also inbikits the pawar
clreuits tn "brownout” conditlons if the ac Hne voltage fally
balaw approximately 70% of nominal.







SECTION V
MAINTENANCE

B4 INTRODUCTION

B-2 ' Upon rocolpt of thy power supply, the porfoimonce
test (Parograph 6-h) can ba mada, This tost ja suitable for in-
coming Inspacton, It o fsult is datactad In the power supply
while moking tha performance tost or durlng normol opera-
tlon, procesd 1o tho troubloshooling procedurss, After
trubleshooting snd repalr [Paragraph G-52}, parform any
ngceasary adinstments and calimation (Peragraph 5-86),

Beforn returning tho powor supply to narmal oparatlon, repaat
tha applicablo portions of the perdarmance tast to ansure that
1l fault hos bean proparly comrectod and that no ethar faults
axlst, '

6-3  TEST EQUIPMENT REQUIRED

B4 Taokio 6-1 llats tha tast equipmant raquired o parform
tha veilous praceduras dascribad [n this saotion,

Tabla B-1, Tast Equipmant Raguired

REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE MODEL
Qacllloscopa Sansitvity: 1 mV Traubleshooting; mesesure rpple, | HP 1740A
bandwidth: 20 MHz noise spikes, and lond
transiont rosponsc
Digltal Multtmator Sonuitivity: ¥ pV Moasura ac and do voltagos, HP J466A

Aoucracs; 0,02% 0% digh

n.put impedance; 10 MR (minimum)

troublashooting, end caltbration

Elootronle Lond Veltage Rango: 6OV

Current Ronge: B0A

Pawaer Rango: 1200W

Opan and shart cirquit switches

Vaerieb!s at 2) Hz ratu

Trarsistrt Dovlcos
Model DLP 130-50-260¢0

Powsr aupply lond

Vareble Voltagae Valtage Renge; see Paragraph 2-16 | Vory ac Input for ling
Autatransformer 4 kVA, (minimum) requlation maosuramant,
troubleshooting
AMS Voltmeter Trus RMS Reading Measura ripple HP 3400A
Bandwlidth: 10 MHz
Sanaitivity: 1 mV
DC Pawer Gupply Voltaga Range: 0 to 20V Troubleshooting, slow- HP G024A

Current Ranga; O to BA

start procadure

Current-Moasuring Ablo to pass 60 A dn without Constant Currant PARD tost Taktronix Madal P6303
Tranaformer saturating Prabe/AMB0O3 Amplifier
Bandwidth: 20 Hz to 20 MHz {must be used with
Qutput voltage of et least § mV TMB00-series power
for 1 mA input modulo)
Curroant-Manitoring Valua: B0 mV @ B0A {1 mil) Meosuro output currant, Woeston Instrumant Shunt
Reslator Accurecy: 1% or beiter calibration Modol 8892, Catolog
141218, 60 mV @60A
lsolotion Transformar 4 kVA {minir.aum) Troublashooting

Terminating Reslstors
{foiir roquired)

Valua: 60 11 6%, Non-inductive

Nolsa spike meagurement .--

Blocking Copacitors Valug; 0.01 uF, 100 Ve, {two

required)

No'se splke maasuremant .




645 = PERFORMANGE TEST
: |

&0  Tho following teat can be usad ae an lneoming Inspac:
ton check, and oppropriste portions of the tsst can ke
ropasted to chack tho opemtlan of the 'matrument afuar
ropdine, The tnats are perfarmed uslng the spacified nominal
Input voltsge for the unit, It the correot result Is not obtalned
for 8 porleulsr ghack, prucesad 1o roubleshvoting
{Paragraph 6-82 ),
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6-8 Al spocliications should ba moanurad nt tho power
supply reminals, Also, all tasts aro performad viith thy supply
strappoa for focal programming and senaing, o shown In
Figure 3-3, The wirea used 10 connact the lead to the aupply
should ba haavy anough to onsurs that thay will drop leses than
0.6V, If the supply ls squipped with System interfaco Opticn
002, remove tho {nterfsce Option cable from the reanpanal
connector and chack the power supply first. Then procsad to
tho checkout procaduns In Appendix A to test the Option 002
components,

Measuremeont Techniquas

64  Seleut A Load. Spoclilcations ero chocked with vary-
ing arounts of load roslstanca cunnocted acroas tho supply,
For most of the constsnt-voltugo toste, the value of load
reslctance must bo approximatidy 0,4 0 to permit wparaton of
tho supply ot 20V ard its maximum-output-power-rating cur-
rent of BOA, For tha constant-sunant teats, the load rosistance
must ba srpioximstely 3.4 (F to permit operation at 17.6A end
Its meximum-output-power-rating veltage of 6oV, Tha power
rating of the woad must ba et lsast aqual to tho maximum out-
put power of tho supply: 1200 watm,

6-10  Fotload reguistion and load transleant responao tests,
load reslatance munt be swltchad ketwaen two values, An
eloctronic lond, auch as listed In Tabla 6-1, climinatos the need
for connecling many reslators or rheostass In parallel to pro-
vide adequate power capebliity, Is conslderably more stablo
than carlon pila devices, and parmits varylig the load with an
extornal mehuiating algnol,

6-11 Cennecting a Currant-Monitoring 'womtor, To
silow preglae measuramant of output currant, a current-
menlitoring ralavor, such as the shunt tiatad In Tablo &1, Is In-
serted botween the output of the powar aupply and the Joad,
Thia reaistor must be connectad as n four-termingl davice In
tha sitna manner as a imetar shunt would bo {sce Figure &-1).
The load current {s fed to the extromaes of ths wire leading to
thr: resistar, whils ths monltoring terminals ara located an
closo o3 poeslble to the resistance olemant laell, A current-
menitoring res’ *or should have law nolso, a low temparuture
coafficiont (le.. than 30ppm/°C), and should ba used ot no
more than 6% of [ts rated power oo thot [ta tomperature rise
wilt 0 minimized,

6-12

B-13  Connsot oll of tho massuring dovicss used in the
constant-voltsga performance tosts directly to the powar sup-

Constant Vglitage Tasts

piy nenaing terminsls { 4 8§, ~ 8), For bost acauruay, the sens-
ing tarminata muat ba used rather than the autput tarminala,

since the massuring instiuments must be connectad to the
ssmo pair of tarminals to which tha feadhack ampiifior within
tha power supply le connactsd, Thie [a particulardy Imporiant
whon mwosuring ths regulation of the powor supply. A
measuremant made acrosa tihe load Includes the impedsnce of
thn leads to the load, and euch laad langths can oaslly have an

impedance sovara) oiders of magn'tugo yraster than the sup-

ply Impadanca (typleally < 1 miillichm at da}, thus invalldoting
the measuremant, '

MOHITTIVING
TERANALE i
10 HEAATIVE My TG POSITIVE
1L e - -«9&- 4 |t JEAMINAL OF
POWER BUFPRLY POWER BUPLY
LOM) TZRUIALS

i

Figure 6-1. Current-Manitoring Resistor Connactions

6-14  To avold mutusl coupling offects, connact oach
monitoring device to the sansing 'ormineis by s roparate pair
aof leads, Usa coaxlsl csblo or shigldnd two-wire cablea to
avold plckup on thy moasuring leads, Connact the load across
the output terminals as closa to the supply s passible, Whon
menrsuring the cunstant-valtage performanca spacliications,
the CURRENT control should bo set st losst 2% sbova the
output currant the joad will draw, since the ansat of conetars-
current oporation could couas a drop In output voltage, i
creasad ripple and othor parformance changes not propery
oscribed to thoe canstant-voltage operation of the supply,

BIOITAL VOLTMITIA
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Figure 6-2, Basla Taat Sotup

6-18  Rated Voltegs and Voltmeter Accuracv, To
chack that the supply will furnish jts rated output veltogo, pro-
ceod as follows;

8. Connect teat setup shown In Figure 6-2, Operete the fosd
In constant reslatance mode (Ampas/Voit) with reslatance
Initlally sat to maximum.

b. Tum bath CURRENT control and OVP adjust fully
¢l ~ckwlisa,

¢. Turn on supply and sdjust VOLTAGE contral untll digitel




voitmate? (DVM) Indicatos oxastly GOV (maximum rated out-
put voltage),

d. Front-ganst volimotor should Indleato GOV & 3%%,

o. Disconiect DVM from pow aupply senss torminale and
connect NVM across current-monitaring realator (Ry).

f. Reduce reglstanco of load until OVM reads 17,5 mV, In-
dienting that current output Is oxsatly 17,6A (msximum rated
powar output), Ensure that power supply remalns In conetant-
voltage mode by checking CV light,

@, Disconnect OVM from Ry and reconnact DVM 1o powar
supply sens: tanminals,

“h, DVM end front-panal volimater ehould noth indicate
67,
6-*s  Lond Effoot {Load Regulation),

Definltiont The change [n the statis value of de output
voltage {AEgy7) resuliing from a chengo In Iryd resistarcy
{rom opon cln:ull to & valus which ylelda rmaximum rted cut-
put currant, or from the latter valuo to open clniuit,

B-17  To check the constant-voltago load oifont, proceed
as follows:

n, Canhect test salup shown in Figuro 6-2,

b, Turn CURRENT control fully clockwla,

¢, Turn an supply snd adjust VOLTAGE control until DVM
indlcelos 20V, .

d, Gisconnact DV from power supply sense Llarminals and
connect DVM acrosa Rpg.

9, Adjuadt resictorce uf load uniit DVM reads 60 mV, In-
dicating that current output {s oxaglly GOA {maximum rated
oulput currant), Ensure thot powor supply remoine in
canatant-voltagy mout by chasking CV light,

f. Disconnoct DVM from Rpy and recunnect DVM ta powur
supply sense torminals,

g, Open de circult breakers on load to disconnect load.

i, Record vollaga Indicatad on DVM,

i, Closa d¢ clrcult breakers on losd to reconnaat le ad,

j» Walt o fow secands anly to sllow DVM 10 dattls, Randing

on DVM ghould not differ { . reading of stop h by mon. than
7mv,
§-18  Source Effsct i.!ne Ragulation).
Dafinition; The changa in tho wiatic value of de output
voltsge LAEqg| )7} resulting fram a change In ac input veltage
over the specified rangoe fro. low line to high line, or from
high ling 1o low line,

6-19  To chock tho aource effect, proceod as followa:

0. Connect test satup shown in Flgurs B-2,

b. Connect varisble auotranaformer hetwean [nput powar
source and powar aupply ac power Input,

¢, Adjust sutotransformar for low line voitage (Paragroph
2-18),

d. Turn CURRENT comrol fully sloc’ yise,

¢. Tutn oh pawar supply and adjust VOLTAGE controf until
DVM indicotes oxoctly GOV,

{. Disconnact DVM from rower supply r 1nsa terminals and
connact DVM acro=s Ry,

6.3

9. Adjugt rasistanco of lond until OVM roads 4 mV, in-
dicating that cusrent output Is oxactly 4 A, Ensura that powar
supply ramaine in corstant-voltage mode by shocking CV
iight.

h, Dlscannaect DVM from Ry and reconnect DVM to power
supply sonso terminols,

I, Racord voltage Indlcuted on DVM,

J» Adjust sutotranafarmar far high ling voitapa,

k. Paading on DVM should nat diffar ;rom reading of step |
by more than B mV,

620 PARD {Rlpple and Noles,.

Dafinitlons The residual az voltage suparimpoaed on
tha do outp t of a regulated powar suppiy. Ripplo and noleo
mansuramante inay be mada st 81y Input ac Kno volt3ge com-
binec with any de output vallage and currant within the aup-
nly's roting.

6-21 Tha amcunt of ripals snd naiso present on the powat
supply output 8 mesaured elther In torms of {is rms or
{preforably) poeak-to-pask value, The peak-to-poak - Lasaio-
mant is particulady important for spplications whare nalsa
splkes could ho detrimantal to saneltive loads such os logic clr-
cultry, The rma moosuremont ls not. an [deal represantation of
tho nolse, bacouse foldy high output nalso spikes of short
duratlon can bo pregont [n the rippts withaut opprocinbly in-
croasing tho rma velue,
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Figure 6-3. Conatant-Valtage Ripple Test Satup,

6-22 Ripple Measuromont Tochniquas. Flgure F-3
showr the mathod for measuring ripple using o sinyle-gnded
true-reading AMS voltmeter or oscliloscopa, The power sup-
ply output terminals should not be conractad to ground .t the
powar supply terminal strip te prevent surrent fram flawlg
through a ground foop and cdding to the mossurad slgnal,
Also, 1o ansuru thet no pcientlel diffarence exists hatwoen the
supply and the RMS velunatar, It is racommanded diut thay
bath he plugged Intn the same ac power bus, If tha sama bus
cannat ha usnd, buth ec grounds must ho at earth ground
potential,

i




6-23  To minimize plckup, o cooxlal eable or shleldes 1wo-
win cablo shiould ba used to gonnoeat the sensing tarminala of
tho powvar supply to the input of the AMS voltmatar, To varily
that tha RMB voltniotor Is not measuiing ripplo that la Induced
in the loads or picked up from ground, tumn both the

VOLTAGE and CURRENT cantrols fully counterclockwlen end

short tho voltmetar + lead to the voltmater - laad ot the
nowat supply output terminals, If the test notup is proparly
configured, the nolse value obtalned whan tho lesds are
sh.wited should not bo significant cumpared to the measured
rippto volue,

B8-24  Rippls Measurement Procedure, To chack tha rip-
ple autpus, proceed oe follown:

n. Connact toat satup shawn [n Figure 6-3,

b, Tum CURRENT control firlly clackwlsa,

¢, Turn on power aupply and ndjust VOLTAGE control and
load ao that {ront-psnel meters indicats 40V and 30A,

d, Ripple should boe Jess than § mv,

6726  Nolse Splke measurament Tachnigues. An in-
strumant of sufficlunt bendwldth must bo used whon making n
high-frequency eplko moasuremaent, Mansuring naise with an
instrumant thut has insufficlent bandwidth may conceal high-
fraquency spikes that could bo datrimental to tha load. The
oucllioscopn listed in Table 5-1 ehould bo oparated with the
bandwidth limited to 20 MHz, A modest Incresse [n nolso
splka amplitude may he obsarved above 20 MHz,

G-26 A single-ended massureament {raplecing RMS
voltmataer In Figure 6-3 with an vscllloscona) [s usunlly nat ads-
quate for moasuring eplkus; o differshval oecliioscane In
noceasary. Bocouse of Its cammon-mada rejeciion, & difforan-
tis! ovellicacope diapleys only the differsnco botwaen its two
vertica’ nput terminala, thus Ignorng the offects of any
common-mi:de aighal produced by tho difference in the ac
potentisl batwaan the power supply casoe and the oscllforcopa
naso, Bofare using o differential-input oscllloscope, howaver,
it s Imparctive that the common-maode-rejuction capsbility of
the oscilloscope be verified. Turn both the VOLTAGE end
CURBENT controle fully counterclockwlag, short together the
two ingut leads at the power supply, snd obeerve tho trace on
tha CRT. If the traca Is a stralght iine, then the oscllfoscopa s
properly {gnoring any common-mode nolse presant, If the
trace Is not o straight ling, thun the oacilloscops ls not
rejacting the ground signal and must be realigned In accord-
anco with the manufacturers Invtructions so that proper
common-maoda rejection Is attolned,

527 Figure 54 shows tho test setup used 1o mecosure
nalse spikes. Two coaxlal cables must be used, Impedance-
matching resistors must ba Incleaad to oliminste standing
waves ond cablo inalng, and capacitors must be cunnactea to
block de. Tha lonyth of the lest leads outside tho coaxis! cable
should bo kept as short sa pozsible, Tho blocking copacitor
and !‘mpadance-matching rosistor should be connacted direct-
ly from tha innar conductor of the caltlo to tho powar aupply
sansing terminal. Notice that the shlelds of the two coaxlal
cables ere not connested ta the power supply

5-4
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Figuro 64, Constant Voltags Nolso Splke [Messuroment
Taeat Sotup

G280  Nolese Spike Menssurament Procadure, To check
tho noiso splkes, procead as follows:

0. Conneot test sotup shown In Figurs 6-4,

b, Turn CURRENT contral fully clockwisa,

¢, Turn an powar aupply and adjust VOLTAGE control and
land so that tho front-ponel motors Indicate 20 V and 60 A.

d. Bocousa tha Impedance-matching rasistora canstituto o
2-10-1 ottanuatar, the nolse splkos obhserved on the
osciifoscope should ba loss than 26 mV p-p {Instead of 60 mV
p-pl.

6-29  Tho clrcult of Figure B-4 can olgo bo used for the
disploy «f low-fraquancy ripple. Simply remave tha four ter-
miinating alators and the blocking copecitars,

6-30  «ood Tranelont Recovary Time,

Dalinition; The time "X’ for autput voitege recovery
s tinin Y™ millllvolts of the nominal output voltage follow-
ing o "Z' amp step chongoe in loed currant, whors "'Y" Is
gpecifiod vs 100mV and "2 is tho epocllied load current
change of 10% of maxlmum current rating.

§-31 Maeasuremant Tachnlqusa, The load must bho
switched botwean two raslstorco vaelues such that the load
curront varigs 10% of tho maximum current rating ot any aut-
put voltage, For examgle, if tho test s dona at 40V output, the
maximum current avalfobie is 30A, Tharefore, tho currant
should vasy by JA (10%). A load Incrense of 0.143 N, from
1,333 11 to 1,482 00, will dacroase output currant from ) A to
7 A,
L 4

5-32  Theload change noad not ba at the maximum current
availabfo, as in tho provious examplo, but It should couse a
currert chango of 10% of tha meximum curient available,
‘Tharyfore, at the sama 40V output, the loac would have to
doecrease C,.218 0, from 1,818 1 to 1,606 0, to incroase output
current by 3A from 22A te 26A, Tho maximum current
ovallable s diffaront ot diffarent output voltagas, therefore tha
10% valua is differant far cach output voiiaga, The test may
ke run st whichaver outpJt voltige/current combination(s}
is/qare of most intarest, ii; &' vases, howaver, the load must be
selactod such that the outout current is equal to or greater
thar BA both bafore end after the [oad change,




633 Tho elactronic load liated In Table B-1 hae proviaions
for extomatly madulating the load. Use or a 30 Hx squere wave
modulating & gnel provides a repetitive dispicy thet is osey 1o
chaarve, Follow the manufacturar's inatrugtions for operating
the slectronle load to swilch tho load current by 10% of the
power supply’s maximum autput current capabillty st the
solectad output voltage lo.g.t between 80% and 100%, be-
tweon 30% and 46%, ota),
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Figurs B8, Load Tranalent Raco?nrv Tima Test Satup
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Figure -8, Load Translent Recovery Wavaforms

634  Measurement Procadiure. To thack load transient
recovery tims, procead as follows:

a. Connsct the test satun .hown In Figure 4-6.

b. Sat electronic load for external modulatlon, end adjust
load for mexaimum current to be used in teat.

¢. Adjust square wavs eignal source for 30 Hr modulating
signel, Signal levals should be chosen in sccordance with load
manufacturar's requirementa for varying load current by the
dealred amount,

d, Set oscllioscope for Interna) sync end lack on either
i ssitlve or negative load tranalent eplke,

o, Set vertical Input of cacllioscopo for ac coupling so that
smoll dc laval chengas will not causo display to shift,

b-6

f. Adjuet oaclitcacops to dleplay iranalonis na In Figuro B-G,

0. Rocovery of power supply cutput voltage 1o within 100
mV ol nominal ouiput voltage should he whiin two
mililseconds,

§-38  Tompaeraturo cooffjolant,

Dofinltlont Tha changa In output voltage per degrae
Calsius chanpa In smblent temparature maasured white ac ling
voltage, output voltago setting, and load ruslstonce aro all held

conatant,

536  Tho tomporature coefficlant of a pownr aupply ls
moasurud by placing the uplt In an oven ard varying the
temporature over sny span within the power supply's raling,
The powar supply tamperatura imunt be allowad to =tabilize tar
a aufficlont tima at sach maasuramunt tamperatuig,

§-37  Tho temperature coafficlent piven in tha apaclfication
tablo Is tho maximum tamperature-depenaent output voltage
change which will result over sny cne-degres (ntorval, Tho
digital valtmetar used to measure the supply’s output voltage
chango should bo Zieced outside tha oven rnd ehould hava a
lang-term stabillty ndequats to [naura that s diift will nat
offect tha overell moasuromant accuragy,

5-38
follows;
a, Connhact load and digital volimater as Wustruted In Figure
6-2,
b, Tum CURRENT cantrol fully clockwina,

¢, Tum on supply and edjust VOLTAGE control untl digltal
voltmater {DVM) Indicates exactly GOV {maximum rated out.
put voltsgoe),

d. Dlsconnect DVM from pawer supply sonaa terminals and
connaect DVM acrass current-monitaring reslstor (Rl

6. Reduce resistance of load until DVM reads 17.6 mV, in-
dicating that curront autput [s axactly 17.6A {maximum rated
powar outout), Ensure thet powar aupply remalna I constant.
voltage mode by choecking CV light.

f. Disconnect DVM from Ry and reconnect DVM to power
supply songe tarminals,

g. Placo power aupply In tomperatura-controlled ovan
{DVM ramains outside oven). Set tamparature to 30°C and
allaw 30 minutes warm-up,

h. Aecord DVM raading.

I, Relsa tomparatura to 40°C end allow 30 minutse
warm-up.

| Observe DVM randing, Diffarenca In voltage reading be-
twean atapa h and | should bo Jesa than 8 mVde,

To chack the tomparature coefliclent, procead os

5-39  Drift (Stability].

Definition: The changoe In output voltage for the firat
eight hours {ollowing o 3G-minute warm-up parlod, During the
intarval of maaaurement, input line voltage, load reslstance,

ond amblent tamparature gro ail held constant,

6-40  This measurament Is mada by monitoring the output
of the power supply on a digltal voltmeter over the stated
measurament [ntervel, A stiip chort recorder can he used to
provide s permanant record, Place o tharmomater naar the




supply fo verily that the amblent tamparature rameine oon-
sfant during the periad of messuremant, Tha supply shauld e
located nway from eny sourca of atray =i current, If possible,
plage the supply n. an nven and hold It st o constant
tomparaturn, Take care that the moasuring Inatrumant haa an
sight-hour utshllity ot losat ap order of magnitude botier than
the stabllity spaciication of the power supply belng tosted,
Typlcally, o supply will drift loss avap the eight-hour massur-
mant intervel than during tha half-hout varm-up period,

41 To check the outpur stabllity, procead as followa:

0. Connect Joad and digits] volimeter {DVM) as Nlustrated
tn Figuro b-2,

b, Turn CURRENT contro) 1ully clockwise,

a, - Turn on supply snd udjuat VOLTAGE control untll DYM
indlcatea exnctly €0V {maximum rated output voltage),

d, Dlsconnect DVM from power nupply sonue terminals and
connact DVM across current-monitoring reslstar (Rpy),

¢, Raduce rosldtance of foad untll DVM reade 17,6 mV, In-
dicating that current output is oxactly 17.5A {marimum rated
powar autput), Ensure that powar aupply remaina in conatont.
voltnge mada by chacking CV light.

. Disconact OVM from Rps and reconnact DVM to powar
supply sonse tarminals,

q. Allow 30 ralniites warm-up, than record DVM: roading,

h. After gight hours, DVM reading should not ditfer from
reading of atap g by more vian 2 mvde,

6-42 Constant-Curront "Taats

543  The instrumonts, methods, and precautions fcr the
proper measvramant of constant-current power supply
charactoriatics ero for tha most part [dentical 1o thoss already
doscribed for the messuromont of ognstant-voltage
characteriatica, The maln diffsronca ia that tho powor supply
performance will be checked betweon short clircult and full
load rather then opan clrcult and full load,

544  Curront Qutput and Ammater Accuracy. To
chack that the supply will furnish its rated output current, pro-
zaad as follows:

&, Connact test aatup shown In Figura 6-2, Oporata tha load
in constant resistance mode {Ampa/Volt) with reslstanco In-
itlally sat to minlmum,

b, Tum VALTAGE control fully clockwlse,

¢, Turn on supply snd adjust CURRENT cantrot until DVM
reads 60 mV, Indicating that curront output ls oxectly GOA
{moaximum rated output current),

d. Front-panel ammeter shauld Indicaty BOA £ 3%,

e, Disconnact DVM from Ry and connsct DVM to power
supply sonso torminkls,

f. Increase realstance of load untll DVM reads exactly 20V
{maximum ratad power cutput}, Ensure that power supply ro-
malns in constant-curront made by chacking CC light,

g. Disconnect DVM from powor supply senso termincis and
raconnsct DVM across Ry,

h, DVM should indicate 60 mV, front-pancl ammeter
should Indicats GOA +3%.

6-48  Load Effect (Load Regulation),

Dafinition: The change In the static value of the de
output current (Algyt) resulting from a chango In load
rosistance from short clrcuit to o value which ylelds maximum
rated oulput voltage, « from the attar valye to short circuit,

G-4b  To chack the conatent-current lond offect, proceed
as follown:

o, Conneat Tost satup ahuwi in Figure B-2,

b, Tum VOLTAGE contrul fully clockwisa,

- & Tum on supply and edjust CURRENT control until DVM
reads 60 mV, Indicating that surrent nutput is exactly GOA,

d, Disconnect DVM from Fpg and connoct DVM 1o powar
supply sensa terminola,

o0, Adjunt resistance of load untll DVM Indleates 20V, En-
sure that powoer supply ramaing In constant-current mode by
chaking CC light,

f.: Disconnoct DVM from powar supply canne terminale and
reconnect DVM to Ay,

g Record volluuo,rndlcalnd ch DVM,

tn Short clrcult foad, (Flactronls load Ilsted I Table 6-1 hae
short circult switch, )

i, Walt o fow socends only to alfow DVM 1o sottie, Roading
on DVM shauld not diifar from resalng of stop g by inore than
10 4V,

6-47  Source Effact (Line Regulation),

Dollnltion: ‘fha change In the statis value of de output
currant {Alpyyr) resulting from a shange in ac Input voltage
ovar tha apecliled ranga from low line 1o high line, or from
high Hine to law line,

G-48  To chock sourca offect, procead sa follows:

0, Connact tast setup shown In Flgure 5-2,

b, Connact varlable autotransformer botwaen input power
sourca ond powar supply oc power [nput,

c. Adjust autotransiormar for low lino voltogo (Paragroph
2-15},

d, Turn VOLTAGE contro! fully clockwlse,

o, Turn an powat supply end adjust CURRENT contral unty!
DVM raada 50 mV, Indicsting that curront output s axactly
BOA {maximum rated output current),

f. Disconnect DVM from Ry and connect NVM to powar
supply sanse tormingle,

g. Adjust reslstance of lead untll DVM roads axactly 6V, En-
aurs that power supply remains In constant-curront modo by
checklng CC light,

h. Discor ,Ject DVM from powaer supply sonsa tarminals end
reconnect DVM across Ry,

I, Pocord voltege Indicated on DVM,

|, Adjust autotransformar for ligh line voltage.

k. Roading on DVM should not differ from reading of atep |
by more than 10 aV,

6-48  PARD (Ripple and Nolsa).

Dafinitlon: Tha resldusl 8¢ currant suparimposad on
tho de output of a regulated Lawe aupply. Ripple and noise
mensuremant may be mado o! eny Input ac line valtage com-
bired with any do output voltoe and load curtrent within the
supply's rating,

G660  Moat of tho Instructicns portalning to plckup
problems sssoclatad with consteni-voltage ripplo end no'ss
measuramont also epply to the maasuremant of constant.
currant ripple and nolse, The curront probe llstad in Table 6-1
clips on one of the load lends.

B-61  To check the ripplo and naise, procsed as follows:
8, Connect test setup shown In Figure 5.7,
b. Rotate VOLTAGE control fully clockwlisa,




g, ‘Turn on supply and adjust CURRENT control and load so
that the fronl-psnol maters Indicata 50 A and 20V,

d, 'Tho observed tpple and nolea should bo loss than 26 mA
ma,
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Figure §-7. Constant:Current Ripple ond Noise
Mougsurement Taat Betup

6-62 TROUBLESHOOTING

| WANING
e

Maintonance described harain Is panformed with
power supplied ta the Insirument, and protective
covars removud, Such maintenance should be
performed only by sarvico-trained personnel who
are sware of the herards involved (lor axample,
fire and efactrical shock), Energire the power sup-
ply through an isolation transformoer ta lesson the
dangar r! alactrical shouk from contacting an
anargireo circuit while contacting the instrumant
frame or othsr ecrth ground, (Tha fsolation
transformer must have n power rating of af least 4
kVA,) The safest prictica while working on
onargired cirewits /s to disconnect power, make or
change test copnactions, and then reapply
power,

A md LED (JS1) on tha main hoard lights to
dicata that the Input bus Is anerglzed, DS Is
cludad in the avent the refay K contacts are stuck
or weldad closerl, In this cass, the input bus re-
mains snargired aven when the LINE switch is
turned off, DYS1 goes out whan the Input bus
voltage drops below approximately 80 Vde, Some
componants are at ac line potantial aven with the
LINE switeh off,

563  Boloro attempting to troubloshoot this Instrument,
pnsuio that the fault [s with the instrument Hself end not with
an assoclated circuit, The performance tost enables this to be
dotormined without having 1o remove the covars from the

supply,

-

664  The moat Importunt pepact of troubloshonting la thy
formuletion of 8 loglcy! spproach 1o locating the souice of
troubla, A good understanding of tha principles of opoeratiun fs
particularly halpful, and It s racommendad thet Sactlon iV of
this manual ba reviewod balore attampling to troutleshoot tha
unit. Oftan the usoer will then ba abla to Inolata a problem slm-
ply by uging tho oparating controls nnd Indlcators, Onco the
principlas of operation are undarstood, refar to the following
paragraphs,

B-65  Sactiun Vil cantalna o schematlc dlagram and infor-
matlon concerning tho voltagy lovals nand wavelorms at many
of tho Important test polnts, Syction VI also Includes compe-
nant lacation disgroms to help the usor locata the unit's com-
pononts and tast polnts, Most of tha tost points used lor
troulileshooting the supply ore logated on the cantral hoard
toal "fingors”, which aro readlly uccessiblo at the tap of the
board,

CAUTION

To avold damaging the 80124, be ceralul not to
ghort circult tast points together. Tho aafest Jrac-
tfce Is to turn the G012A off whils connecting and
disconneciing tast Instruments,

566 | s componont Is found to ba dafaective, roplace
and re-conduct the parformunce teat, Whan o componant ls
raplocad, rofer to tho rapalr and adjustmant portions of this
goctlan, It may be neceasary 1o porform one or merm of the od-
Justmant procedures nfter o component la roplscad.

6-67  Initial Troubleshooting Procaduras

668 If 8 problem occuns, follow the ster- below in ne-
quence:

o, Chack that lhput powor |5 svallablo, and chuck tho power
cord and rear-psnol circult brosker. If Lrasker trips while
powar Is on, of If braoker Is found to be tripped at eny time for
unknown ressans, refor to Figura 6-11, Elow Start Procedure,

CAUTION

To provent excaessive inrush currant, dn not manually
oporate ralay K1 on maln board,

b, Chack that siraps on the raar-ponel tarminal steip are
proparly connected.

¢, Chock thot olf conrections fo tho pawar supply are
secure and thot clrcults betwean tha supply and oxtornal
davices are not Intorrupted,

553  Troublashooting Tast Setup. Boforo cantinuing
with troublashooting, proceed az follows)
o, ‘Tum off supply and disconnact all loads.

;g
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b, Connect n B0-ohm 40-watt load reslstor ncross output
terminals,

¢, Connect a diglial voltmater (DVM) ncross output ter-
~ minela to monltor output voliage,

d, Turn VOLTAGE and CURRENT controla ta mld-range
{6 tuins), and OVP ADJUBT control to meximum (fully cWh

8. Ramovo top cover,

{, An edgndor card, HP Part No, 5060-2000, can bo
psad with the A2 Control Board 1o nllow oasy accoss
to comjponants,

B-G0 Ovorall Troublo laolation

601  Once the tes! satup ls niranged, proceed 1o the oy
vorall troubleshooting trea In Figure 6-8, This tree will isclats
trouble to a particulsr circult, Table 5-3 providos Information
that the user who understsnds the operation of tha circult na
doscribed In Section IV £an use with atandard troubleshooting
procodures to locsts the trouble,

542  The following nates apply to all trouldeshooting pro-
codures,

1, Belora removing or replacing componants, turm power
off and disconnect ac powsr cable,

2. Allow two minutos for capacitom to discharge bafove
making reslatance checks or removing components In primary
clreult,

3, Unless otherwise noted, all voltages messurad with
regpact to bies common (avallable at A2U16 casa),

4, Numbers In brackots refer 1o waveforms shown In
Figure 7.8

B, The troubleshooling troes and table provide general
guldelines 10 help lsclate troubla, Thoy will not lsolote ali
posailiie troubies, The user should usa aignal tracing snd othe:
standord troubleshooting tachnlques to identify faulty com-
ponents, The usor ls respansidle for connecting and adjusting
matars, nacliloscopos, ole, propaily,

6, Balnro roplacing a companont, check connacilons 1o
the componaent snd ensuro that bias voltages 10 the campo-
nont nra comact,

7. Aftor lsolating and comaating o probiem, go back to
beglnning of troubieshooting tree,
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Figure 5-10. Slow Btnrt Betup

Table 6-2, Bias Voltsge Check

Bias Maasurement Normal Check Theso Compunents

Voltegs Paint Range

+6V Reg Pin M +4.76V to +B.26V | Check for presence of +BV Unreg { +12V ro + 18V, pin K,
If absont, check A1T3 pins B and 10, AICR7-0, AIC14,
AIR18, AIVR2. If present, check A2U16,

+ 16V Reg Pin 12 +14,10V to +16.80V | Check for presance of + 16V Unregi + 18V 10 +31V. pin
D). If obeent, check A1T3 pins 7 end 11, ATU4, AICIG, I
presant, chack A2Q11, AZU10, A2R149, A2R160, A2R168,
AIR169, A2ZR24, A2R29, A2VRG, A2CAG,

~ 12V Aeg PinP -12.66V 1o — 11,04V | Check for presencae of - 12V Unreg | - 18V 1o - 31V, pin 2). If
absont, chack AIC16, If prenont, check A2Q8, A2U17,
AZR142, A2R143, A2R1C8, A2R167, A2C/6.

All blas valtsges massured st conti ol board teat fingers (P2) with raspect to bias common at pin E or at A2U16 case, Table 7-2
llsts somicorductor components operating on each bias supply,

6-10
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Table 8-2, Troublshooiing

After using the overli troubloshaoting free {Figuro 5-8), Liies supplies troubleshooting tree (Figure 6-8), and slow-start pro-
cadure (Figurs 8-11) to Isolste a fault 10 o porticular circult, uss the following guldelines with the schematic and standsrd
troubleshooting techniquer 1o locate the fault,

Relay Driver
1. DC voltage across A1C8 should be 130 to 176 volts,

2, Approximately one second ofter ac posver is applied, de voltage from pin 1to pin 2 on A1U2 should be + 1.216 1.7 volts,
de voltage scross AIVR1 should be <3 voits, and A1Q1 Vg should bo » +0.7Vde. A1Q1 Veg thould be < 1 volt,

3. With no load connectad to autput, shorting pin 1 to pin 2 on A1U2 should cause relay 1o open.

Clock and PWM
1, Check for 320kHz {1) and 20kHz (2] clock signals,

2. Chack if PWM (A2U9A-B) Is inhibited by inputs to AZU10.

3. Chack on end off pulses [4] at A2P2-L. and A2P2-10.

FET Assemblles

To iolato a fault to eithor the FETa or driver circuits, remove all FETs and replace one FET on each assembly with a 3300pF
capacitos connected botween the gate- and source- lead pins (heatsink should not he connected for this test). Observa ali i
precautions given In Paragraph 5-72 while handling FET, If Vg waveform (6] is r.oirect with FETs removed, then FETs were ’
bad. (Gate to drain resistance < 1M1 Indicates bad FET,) Replace FETe in pairs an an assembly, If Vggwaveform ramains
bad with FETs remaoved, then driver circuits were bad, Chack AJR10, A3U1-U2, A3T1, A3CR3. A fault ?n the driver circults
will usually damage 1he FETs on that assembly.

Jown Programmar

1. With VOLTAGE control ane tum CW and OVP ADJUST fully CW, output voltage should ba » + 6V and anodes of
A2CR28-29 should ba = +2.4V, Otherwise, check cathodes of A2CR26-28 to datermine which circuit Is triggering down pro-
grammer,

2, With anodes of A2CR26-23 =~ +2.4V and A2U19B Inverting fnput{~, pin 8) = +1.8V (A2U18B non-invarting nput ~

+0.6V), A2U198 output should be =0V and A2Q12 and A4Q1 bases should be =V, Qtherwisa, chack A2U19B, A2Q12, AdQ|
and essociated componaonts,

CV Clrcuit

1. Voltage from A7 to - S should vary from 0 10 6 voits as VOLTAGE control is varled from minimum to maxisiwm, Other.
wise, check VOLTAGE cor trol and cutput of constant.cumrent source A2Q7,

2, Trace aignal through A2U3 ar d A2U6B. Amplifier output ehould be high when non-Inverting input ¢ + ) is maore positiviy
than inverting input { -},

3. With A2U5 non-inverting input  +, pin 2) positive, A2U6 inverting input | -, pin 3} should be a positive-going ramp
starting from O voits. Otherwise, check A2RB8, AZR87, AZC32, A2RBS, A2RE5 and A2C31, As the dc level v1 A2U6-2
varies between 0 and + 1.6 voits, the pulso width at A2U9-6 should vary from =1 to 2043, The ramp magnitude at A2U5-3 i
also varies proportionally,

4. A2U3 output interfaces with down programmar through AZVR7 and A2CR28. Check that A2U6-6 is not loaded down,

B-12
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Table 8-3. Troubleshaoting {Continuad)

CC Clrsult

1, Voltage from A3 to AB should vary from O ta 6 voits as CURRENT controf Is veried from ratnimum to maximum. Other-
wigs, check CURRENT control sna Julput of constant.curront “ource A204,

2, Trace signsi through A2U6C, Amplifier output [pin B} xhould ba high when nan-Inve-ting input { +, pin 10} is more
postive than kwerting Input (-, pin 9},

3, (Ssme os step 3 In CV Circult)

4, ABU2 output (pin 8) should vary from 01 5 volts s 6012A output current varies frora 0 to 60A, Otherwise, check A2U2
and assoclated componants, Including sdjustment potenticmeters A2R22 and AZR23,

B, AZUGA output (pin 1) should always be high (= + 16V) during normal operation [cutput current <B2A}, A2UGA non-
nverting fnput { +, pin 3) should always be +5.6V.

6. AZUIR output {pin 7) should be within + or —100mV at dc. AZU1A output (pin 1) should ba with.1 + or ~1.6V at de,
Thia de fevel should not affect the de level at A2USC pin 9; otherwiia chock A2C3 und A2R7, If user injects n sinusold he-
tween A3 andAB, ac gein from + 35 to A2UA pin T (both referenced to AS} should be unity ot 22Hz, 2.7 at G0Hz1, and 6.6 at
120z,

OVP Clrcult

1. With OVP ADJUST fully CCW, QVP light should be on, output voltage should be <2V, and test point A2P2-8 should be
low. Otherwise, check ABR4, A2J2 end cable from front panel, A2U19A, A2Q9, A2Q10, A2VRB, and aesaciated com-
ponents,

2. When OVP Is tippad, AZU$9A non-inverting fnput | +, pin 3) should be mons positive than inverting input (- pin 2), and
AZ2U15A output {pin 1) and A2Q10 base should be nigh.

3, With OVP ADJUST fully CW, turn powor supply o% for et lesst twn seconds and then back on, Test paint A2P2.9
shoutd be high, OVP light should be off, and output voitage is determined by setting of VOLTAGE control,

Oiss Voltage Detector/Dropout Detector

1, A full-wave roctified 120Hz sine wave of approximately 16 volts paak ahould be present at A2P1-16. Otherwiaa check
that A2 confrol board Is properly alignod and fully seatad, snd check ATCAS and AICRY.

2. Qutput of dropsut detector ramp clrcuit at AZU138 pin 1 ahould be ~ + BV (use high impedance voitmeter, = 10M1)).

3. Qutput of slow-stast ramp clrcuit at AZU13C pin 14 should be ~ 0V,
4. AYUT6A pin B should be = +0,7V,
8, A2U16A pin 7 should be < +0.2v.

65-83 REPAIR AND REPLACEMENT 566  To removs top cover, remove the thrae scraws, one
at each side and ona at center of rear panel, that secure top

WARNING cover to instrumant. LIft back of cover, slide cover to the raar,

and Iift off.
Disconnact the power supply from the ac line and

vemit two rminites befora performing any repair or 568  To remove bottom cover, procaed as follows:
raplacement procedures, a. Remove two pan-head screws that secure cover 10
rear panel {ano at each side},
6-84 Outsido Cover Rumoval b. Remove two flat-hoad screws from front edge of biot-
tom cover,

5-13




. Ramove fur screws thal riscure two camying atraps to
pldoe of Instrument,

d. LUt back of cover, ellda cewer toa roar, and it off, It is
‘ot pacostwy to rantove Instument foet,

B-67 A2 Control Board Ramoval

568  The control hoard ia hel) In plsca by two scrows
through tha eide panal, To ramove ‘Im control board, procecd
a3 follovin: :

a, Removo top cover, !

b. Disconnact sll wirea from mar-pensl teintinel block,

¢, Unplug cable from aption cerd (if inatallad),

d, Linplug cable frem front pasel,

8, Q0 aldo panal, remove tvio flat-head screws that
sactire control board to right-alde punal,

f, Greop control hosrd caraf.lly and pull upward to
unpiug It from main board, Do not use spacars betweon con-
trol board and side panal (o pu!l conlrol bonrd,

g. To removo U16 from control hoard, first ramave two
scraws that secute U156 cose and hoataink to printed-clrcult
board, Thei unsalder both U1E plns from board.

NOTE

When replacing U15, you must 83read a thin lsyer
of heatsink compound hatweay UI5 case and
heatsink. Do not use any compound contalning
silicone, An organic 2inc oxide 'cream, such as
American Ol And Supply Company Heatsink
Compound N0Q, /s racommemiad. See Figura
5-12 for lacation of mounting hardware,

h, Whan roplacing cantrol board, corefully iine up con-
nactor on ot .1 wdgo with sockat on maln board,

{. Carofully press rontrcl board down 89 it [s properly
alignad ond fully saatad in main-bosrd sacket, Contral board Is
fully seatad when printad-clrcuit boaro: prataaes agelnst both
onda of main-board socket. Do nov punk down on any com-
ponaents an control hoard,

. Replace two screws that sscure cuntrol b . rd (o aida
panel, :

¥. Reconnect cable from front patial to J2 socket. Red
tracor Is ta frant of Inatrument {white r.ot oh control board).

I, Reconnect cable from option card (if Installod) to J1.
sacket, Red tracar [s to front of Instrument {whita dot on ¢on-
trol board, {tncorrect roplscament will damage option board.)

m, Reconnoct any wires discannoectad from rear-ponel
torminal block,

6-69 A3 FET Boarus and A4 Output Diode
Board Removal

6-70 Tha two FET bosrd nssamblies and the autput diode
board assembly plug Into sockets on the main beard and are
held In place by the haatsink caver, which is scrowad to the
fen brocke?, To remove these assemblios, proered as follaws:

6-14

Wait two minittes for input capacitors o
dischargs before removing heatsink cover or por-
farming any malntenance procedure,

!

“huT

« LOOOWASIHIR
L= v ~FLAT WASER
| |

=8

N

I |
| {

~HEAT SiHy

~FLASTE: TQ) BPACIH
i é ~PMHTED CIAZUNT
N BOARD
i 1 ~3CATWS

Flgura 5-12, A2U15 Mounting Hardware

8. Namovo sight screws fram heatsink covor (two scrows
hetd haatsink: cover tn fan bracket, slx screws fusien heatalnk
cover to FET beard end autput diode board nesamblise), and
lift coveroff,

b, Pull assambly upward to unplug it from main boerd,

¢, When replicing assemblies, boe certaln to roplace
assemblios in proper locations, With user facing f -nt penal,
tha FET board assamblies fit [n laft ond cunter sockots, with
printed-clreult board facing left. The output dlode board
assambly fits In right socket, with printed-circuit board facing
right,

d, After roplacing FET board ani output diode board
assemblies, rapiace haotaink cover, Bo cartain all six plestic in-
sorts, two In sach hestsink, are properly loceted undar screw
holes \n hestsink cover. Start screws Into plsstic haatsink: in-
soris carefully, and do nat aver-tightsn,

CAUTION

To prevant hestsinks from shorting together, do
not oparata rowar supply without haatsink cover
in place, Bw cortain that all six plestic heatsink in-
sdrts are properly located under hestsink cover
hales and engaged by six heatsink cover scraws,

6-71  FET Board Disassembly

B72  To disassamblo a FET board, procesd o3 follows:
8, Unsolder both wirea from tharmoatat,




b, Romave four scraws that secure FEY  and heatsink to
printsd-circult board,

¢, FETs plug Into pina that are soldored 1o printed-clreult
board, Do not tinsolder these pins, Carefullv unplug esch FET,

CAUTION

To svold damage to FETs, handls with cara when
out of clrcuit, Use a grounding strap to avold
static discharge Into gate. Avold touching gate or
source pins, FETs should be roplaced In pairs; if
ono FET on a FET boarc has to ba raplacad,
roplace bath,

NOYE

When replacing FETs or thermostat, you muat
sproad a thin layer of heatsink compound be-
twean component and heatsink, Sae note follow-
Ing Paragraph 6-58 step g for racommendad com-
pound,

.d. Beforo re-ossembly of FET board, ensure that plastic
Instlators for FET Jeads rama!n In heatsink, Figure 6-13 shows
T03 component mounting.

e, Ensure thet four plna for FET leads are otanding
straight up from printed-circult bosrd,

f, Mata printud-circuit board with heatsink, ensuring that
four FET-lerd pins fit into four holes In heatsink,

g, <orofully mate FET loads with plns extending Into
heatalnk from prnted slreuit haard,

h. Peplace four screws that sacura FETs and heotaink to
printed-circuit,

i. Ra-solder wires to tharmastst,

«GCREWS W/ LOCKRAKERS

~103 COVPORERT [

= f
I |
i |

T T - IERTEINK W/ PLASTIC
é [ T ‘% HHSULATOR INSERTS
1 __,'_‘ - _AI ——

| - DY -CIPONENT
|J—| E‘ |]V LEAD PINS
=PRNTED CRCUIT BOARD
W/ GTANDOFFS

P

Figure B-13, T03 Componanta (A3Q1, A302, A4Q1)
Mounting

6-73

6-74
foliown:

0. Unsolder both wiras from thaimoatat,

b, Unsoldat both wires from oulput diode ot polnts A and
B on printed-circult board,

¢, Hemove threo gcrews, two of which socure Q1, that
socure heatsink to printed-circult board,

d. Qt plugs into pins that aro soldared to printed-circult
board, Do not unsaldar these pina, Corefully unplug Q1,

Ouiput Diode Board Disssasembly

To disassamble the sutput dlode board, proceed as

NOTE

Whan rapiscing QF, output diode, or tharmostat,
you muat spread 8 thin fayar of heotsink com-
pound hatwaen component and hestsink, See
nota following Paregraph §-68 step g for recom-
mendad compound,

o. Bofore “e-ssembly of cutput diodo bonrd, ansure that
plastic Insulators for Q1 leads remaln In hontsink. Figure 6-13
shows T0Q3 componoent mounting.

f, Ensure that two pins for Q1 leads ara atending stralght
up from printed-circuit board,

g. Mato printsd-clreult boerd with hestaink, ensuring thet
two Q1-foad pins fit Into two howa In heatsirk,

h. Carafully mete Qi leads with 1" s sxmnding Into heot-
sink from printed-circult board,

I, Replace threo acrawa that secure Q1 and heatsink to
pinted-clrcuit board,

J. Re-aclder output diodo wires to polnts A end B
on printed-clrcult boerd, Ensure gocd solder connestians,
bacausa theso connactlons cany the full autput currant, up
GOA.

676 A1 Maln Board Removal

6-76  Thoe moln bootd is hald [n placr by 18 #6 32 scrows
{see Figure 7-1). These 16 screws Inclu  two thot secure K1
to the maln board, four that secure T2 a9 the main board, and
two that sec..ra T3 1o the mair, boord. To romova the maln
board, procecd as follows:

NOTE

Certain components cen ba accessed through
bottom chessis viAthaut removing main bosrd,
See Paragreph I-79. Ralay K1 can he removed to
sllow access to components undar K1 without
removing maiiy board. Sea Paragraph §-77,

8. Ramove control board, both FET board assemblles,
ond autput dlods board assambly,
b. Remowva red and black wires from output bus bars,




T M,

e T 2
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£, Remove and {2g any wires connasted to main hwa) 6-80 Figurs B-14 shows componants on the maln boaic
from cempenents not on meln board, Note thar this atap s re- that can bo acceased through holes In the bottam chossle,
nuired only {f meln boasd Is to ba complatoly removed frorn
unit, Mrin bosrd can he pulled up snd tumed on |is sido 6-81 Front Panel Removal
without removing any wires

d. Ramcvy 16 mounting screwn {soe Figuro 7-1 for B-82  Tha front-panel controls and indlcators are wiracd. to o
locationa), printed-citcult beard maunted directly b shind the front pana,
¢, Lift bosnd up % inch a0 upﬁcuor bracket cleom To ramove the froni pnnoh proc“d gs rollowat
spacers upder four large fllter capacitors, ond tilt heerd to a, Ramove tod cover and disconnact frunt-panal riblon
aliow accass to bottem of board. cable fram J2 on ¢ introl board,
b. Removo ovap-orit plastlc trim atrip thar extends derase
577 Rulay K1 Ramoval top of unlt sbova front pand,
¢, RAemave two flot-head aciaws In channal frem which
G-78  Raslstors R1, RZ and R3 oro mounted under rolay K1 trim atsip was removed (one at each ond}, Other screws may
on main koard. To remave K1, procaed ae follows: ) shovy through hales in the front chasals, da not rumave tham,
8. Remove and tay slx wires connected to K1 frem main d, Tum unit bottom up ond repeat atep ¢ for battom of
board (Figure 7-1 ahows wira colars and locatlons), front punal,
b. ‘emave two scrawa thut secura K1 to mnin koard &. Turn unit top up and carefully pull front panal aut from
{Figure 7-1 ehown scrow locations). ult,
. Ramovo two scrows ot top and throe acrows ot hottom
E-78  Component Accaas Through Bottom that sacure frant panel to bracket biehind froni panel,
Chasgsis 7. Disconnect ground wira f-om lef* slao of chosals,
uz 0
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Flgure 6-14. Component Access Through Bottom Ghaeals




h, Romon four acrexys that secun printed-circult bonrd
to hracket, e coraful not to bresk connectiono to front-pand
potertiametaers or matars,

{. Whon replacing front penel remambar o put ribbor
cablo threugh hole in sight side of fan beacket, ond reconnact
ground wire,

jo ' Pivatic tim strip 4croas top of front panel should he
taplacer] with chanasl in »irip towerd mer of instrument,

5-83 - Replacement Parts

64  Section Vi of this manuN contaia a st of roplace-

. mant parts, If tha part to be replece:! dovs not i ve s standsrnd
manufectuet’s part number, [t ks & special part and must be ob-
talned directly from Hewdett-Packami. Aftor replacing 2 com-
ponont, refer to Tabls 54 for adjustments that n.y be
necereary,

585 Sone components are mounted with epacers, in-
sulators, ete, on loeds. Be certain 1o note location of all
maunting plecea before removing component, and replacoe all
places In proper location,

65-86 ADJUSTMENT AND CALIBRATION

6587  Adjustment and celibration may bo requlire § after por-
formance testing, troubleshooting, or repair and replacement,
Parform only thosa adjusinients that affect the operation of
the feulty circult, Table 5-4 jiats symptoms Indluating that ad-
Justment [s necessary, If two ar more adjustments will be
made, thay should be parformed in the ordar In which they ere
{isted in Table 6-4,

683  Unless otherwiso stated, all adjustmonts are por-
formad with the powar supply strapped as shown In Figure
3-3. The unit should have been turmed on for at less: 30
minutes bafcre performing eny adjustmants to sliow it to
rua :k norma! operating tempaeratura,

The powsr supply should be tumed off whils
meking and removing connecticns to the resr
pandl torminals.

680 Al adjuntment potentiomatars are located nlong tha
top adga of tha control boerd, Figure B-1Gshows the location
of the wdjustments as viewad from tha left of the Instrumant,

REST, OF POWER %mg

_

R0 1 unit [

A2 ¢V OFFSET (@

22 CC FULL SCALE | @
A2} CC OFFnET | @

R24 CONSTANT~CURRENT sounce [#]

Nidd, o5M0d ) FIS LW

RIS AMMETER ADNGT | @
AIN VOLTMETER ADNEY | @

s

Flgure B-15, Location of Adjustment Paotantiometars

590  Maeter Zero Adjustment

6-81 Tho mater pointers must paint to zero on the meter
scales when tha fnstrumant {s 6t norms! aperating tamperoture
In Its normal operating positlon, and turned oft, The same pro-
cadura (s used for both maters. To zero s mater, procesd as
follows:

8, Turn powar supply off and welt thres minutes for

Table G-4, Adjustments

Adjustmant Sympton Indicating Adjustmant Neceasai ;
A2R20 ip Limit Cutput unreguiatad even though oparating within power limit (set too law), or provides morg
than 25V at GOA {sat toc high)
AZR2! CV Offsat 0-volt programming Input does not produce O-velt output

A2R2Z CC Full Scole
A2R23 CC Qiiset
A2R24 _Conmm-Current Saurce

B-volt programming input does not produce 60-amp outpul
0-volt programming input does nat praduce 0-amp output
2.5k reslstive programming input doea not praduce 60-vait cutput

A2R130 Ammator Adjust

AZRI31 Voltmetor Adjust

Frant-penel ammator doss not agree with output current (ndicated by DVM connected across
shunt [n sarlas with output

Front panel valimatar doos not agree w th BVM connectad to output terminats




power supply copacitors to diacharge completely.

b, Insort a small-blade screwdriver In metar-adjust screw
{at:out ona Inch helow mater face] and turn ssrew untll polnter
points to zero math on scale,

682  Ip Limit Adjustrnont

683  The Ip iimit adjustment ensurea that the power sup-
ply will provide maximury ourput powsr undet worat-case
condltions, With power supply tumed off, praceod s follows:

8. Connect jord and shunt to power supply output tar-
minsls 8s In Flgire B-2, Operste load In conatant curmnt
mude, end adjuat load to draw more than 82A.

b, Cannact digitst voltmater (DVM) across Input bur,
Input bus voitagn cen be manitored betweaen onda of AG (+)
ond R5 {-) toward front of Inatrument on main hoard (soe
Figure 7-1), Noto that this voltags s referencad to the oc line,

¢, Coniect a sucond DVM acroas shunt.

d. Connect power aupply ac Input to & voreble
sutotransformer,

o, Tum VOLTAGE and CURRENT controls both fully
clackwise, and turn lp limit adjust (A2R20) fully
counterclockwisa,

f. With autotransformor set ot zara volts, turn power sup-
ply on. Incrasse sutotranaformar voltage unill Input bus
voltage s 300 Vdc,

g. Adjust AZR20 for 62 mV acroas shunt (52A output).

h. Decrease load current for B0 mV across shunt (50A
output), :

I. Dleconnect DVM from shunt and connact DVM across
output terminals,

jo Adjust AZR20 for 22V output £0,1V,

k. Adjust autotrenaformar for 240 Vide Input bus voltaga,

I. Repeat steps | and k untl A2R20 is adjusted for 22V
output with 240V bus valtage, {Qutput current ehould remain
st BOA during steps | ond k.)

m, Turn off pewer supply and disconnect load, shunt,
and autotransformar, Dizconnect VM from Input bus,

b-84  Constant Voltage Offsst Adfustment

6-96  Tha constant voltage offset sdjustmant Is made with
n 50f, 40W load cannectad to tha powor aupply. Procoed as
follows:

8. Connact digi.Al veltmator {DVM) botweon A7 and - S
torminals,

b. Turn power supply an and adjust VOLTAGE control
for 10 mV reading on DVM.

¢. Rsconnect DVM from A7 and — S and connect DVM
scross output terminale,

d. Adjust A2R21 for 120 mV 2mV on DVM, (Qutput
voltage Is 12x A7 voitagel).

6-96 Constant Current Full Scale and
Offset Adjustment
587  Procoed es follows:

8. Conngct ¢ 1 mi shunt acroas output terminois.

b, Turn on power supply.

¢. Connact digital voltmoter {DVM) between A3 ( +) and
Al torminals,

5-18

d. Adjust CURRENT control for GV at A2,

0. Dlsconnect DVM from A3 and AB and ccnnact DVM
aeroes shunt,

f. Adjuet AZR22 for 60 mV mading on DVM (G0A output
current),

g. Disconnect DVM fram shunt and truconnoct DVM
pcross AJ end AR,

n, Adjust CURRENT contiol for 10 mV ot A3,

I, Dlsconnast DVM from A3 and AB ond reconnoct DVM
across shunt, .

J» Adjust &2RZ: for % mV raading on DVM (10¢ mA ol
put currant.) 11 Qutput current Ls Initially zaro ampares, thare
say ba o fow-sicor 1 datsy whun A2R23 [s turned up.

k. Repeat stepr : through | o nacossary until 6V baet-
woon A3 and AJ producoes BOA 10,2% oulput current, and
10mV between A3 and A produces 100mA = BmA output
curront,

[, Turn off paowser supply and dlsconnact shunt,

6-58

699  The cunswnt-current-scurcs =djustment s mode
with a reslstor whose volue Is known within ¢,3% connected
directly betwaen terminals A7 and - 5 on the resr panei, Tho
nominal value of the resistor should be betwaen § kend 2.7 k.
A value of 1 k I+ racommanded for oasc of calculating current
flow through the roaistor, Praoceod as followet

8, Romovs the sirap batween terminels AB and A7,

b, Connogt mslstor betwoan A7 and - 5.

¢, Connaact digltal voltmater (DVM) acrost realstor,

d. Turn powar supply on and adiust A2R24 for 2 mA %
0.2 % through reslstor, {For axample, If 8 1 k resiator (s used,
DVM reading of 2 V Indlcates 2 mA through reslstor.}

o. Turn powsr supply off, discannact ro-istor between
AT and - 8§, and raconnact strap botwoen A% and A7,

5-100

B-101 Tho CC full acale and CC offedt adjustmants muat
be correct bafore adjusting the ammieter circult. To adjust the
ammoeter clrcult, proceed es follows:

a, Connact a 1 mi? shunt across output terminals,

b, Connect digltal oltmeter (DVM) across shunt,

¢, Tum on powor supply and sdjust CURHENT control
for 0.06 V +0.1mV on DVM {60 A 1 100mA autput),

d. Adjust A2R130 for B) A raading on frent-penel
aom~atar,

6. Turn off power aupply and disconnoct shunt,

b-102

Constant-Current-Source Adfusiinant

Ammoter Adjustment.

Voltmeter Adjustment

6-103  Tha CV offsot and conwant-current sourca adjust-
mants should ba correct bafore adjusting tha voltmetar clrcuit,
To adjust tha voltmater circuit, pricead ss foilows:

8. Connact digltal velimater (DYM) across output tar-
minals,

b. Turn on powor supply and pdjust VOLTAGE control
for 60V & 120 mVreading on DVMN.

c. Adjust AZR131 for 60 V reading on Irent-panel
voltmetar, ‘
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_,:prywim;vomguoum, nisn.mrymdubioﬁufrom
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3 rﬂ'lll'lﬁ;l.A Topmgrlmvohngc thavohaguoumeshouldbo
o connoctod from 'J2-26:(CV'RES & VOLT PROG} to J2-22
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A-ﬂ , wcumnt t:ontrol lFiguu A-B). A curront sink
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" low logic Invel (CONTROL ISOLATOR BIAS supply common)

\ A-22 Aruinnnce, vnriab!e fmmOtoZSOOohms, canbe 5
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‘j‘%'_paragraphl"-ﬁ'l and3-FI B L 4475V o+ 16V, asupplyvdﬁageofmarerhan
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S JCAUTIONY T TROL ISOLATOR, BIAS exceeds 7 V,it is
v : ' necassarytouscarasrsrarfn serigs with each of - o
' the relay enable lines. Frgura A-Spmwdes a graph

o B - i ,'h, pmyrimminy Ines ber:ame open r:lr'cmréd‘ S

during resistance programming fuser’s system . 3
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3-57:sobscmd B RN
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. F - . . PR
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- ‘ISOLATOR BiAS ' before us.-ng formulas and :

raphm F.'gum A-G. o



Figure A3’ Ruli’ti_n.cot

N - 1
| '
PR
. v !
' | . -
N b . . B
. .';'ll_\
i\
M ' }
. ' ’
' . . ‘_ ) !
¥ i ] . ,
. ' , HEIEI
[N A . B
s . [ .
ST, [
P ' B
o ' kN
| .
' . .
} . n !
i .
o
v . '
. B
'
i
3] -
LN
el
'
1.
T |

Prog

' ] f . )
K . R 1 . . *
i e, s
L
:
, .
1 ' 3
B . ' ! '
s R
b . .
.
\ .
. , .
o
) [
. L, |
) , . Lt .
.
At " “ “ ! '
' 4
Al
1 : 0
1 i '
w '
. .
1 : '
i . . ' '
F -
. . ' t
n . o ' :
. AB -
~I| "
o ot : : !
.
’ 3

nmmlngofOutput Voitage hndl@fbur?int“' RRTRE R

I
v
.
[
B
i,
¥
i
'
|
K
P
'
'
' O
T
\
I 4
kel
- T '




i

rrent
Al
'

]
]

ge Programming of omput VoltlaoAndIOr Cu

!




"ﬂ mumunmmmmmwwnn TDII

.
nmwwnmw*-ﬂw-m !
mﬂ“lwwm . ' o
N g s, -3 ; e s ! . o
RETEE e
PR
[ R 'n

'ji'momzmm“wilmﬁnoutputof
op-mmmdlﬂwhrymodonm&omomsm
\Mﬁmuluylltzmmm'giud ﬂnulimcllncouphdto
o] T1.- ;-,; the CV and CC circuits {in the mein supply) which, Inmm,will ,
mmmw:mmowmm S

LA UL P AR e prmmnh'g”i boeomoopon circulted
" i RS B B O R (M-mmwmmmﬂmwmt
A1 -] 0] 1 . progremming, thum*!Promﬁond'cuhwmbﬁng
i I o e e .' thnpownnupplyoumwm 4

HEEEE A-& RomouMonltoring

LT | asm mmonﬁonbouulndud.-vomg‘.m«m
Jol bbb prwidoal)tos\lmtputmupmdingtoaowfunm
‘ T vdmoutput.mvdmmmonitoroumbwﬂ.bbbr
:_'.e -:m"m munplrqu-GlVdupMomorlMszl Sanes). OQut- -
: QI ~ put Lripedence Is:8.3 ki; the monitoring device Input im-
c..q,m . pdumﬂuidbonhuﬂMﬂtolﬁnﬁmtd'1%+bdc
ﬂwnn-l. anmol&uhlnropplnu . lewncy lOMﬂtoMmtoOi% +bdclomucy

" < B PSRN

: A-m “Topmmvm ﬂnwmﬂdmldbom ! A-al The I-Monitor ainnal fmm lhl mninfnrnc ls siso
:nachdfrom.lz-zl {CV CURRENT PROG) t0 J2-20 {-T6 V. brouqlﬂmtthroughﬂu&'ﬂopﬁonboud AOto5Voutput
* REG). Tomunmmﬂnwmﬁdmldbom rmmmaom‘mlnwowmoutput.Tthm

-‘mmdﬂwng-z(CCCURHENTPGOG)szm. o . inonitor output s svailable bltwun pim J2~3 (Cumm

Rt RN S r C W . r1 L :
o L | 1
' "
; . S . ' )
; . - | o ‘ A" ‘ \ '
e . g B ' ; N
i v Voo ' X N . : . ‘ P .
, R ' i - i CLT ] .
H . I ' 1 R * !
] . h T L . ' i )
& L 5 4 P . ) f ' 1 )
: R B : | SRt : Rl il , ,
; NSRRIy e ———— . — e




Forproperoporgﬁonofmoopto-bollm ﬂnunr e
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ing table for your pouer supply serial number and enter any listed change(s) in the v

lﬂlnull. v . '. L . 3 ‘I j‘: ,‘ -‘ R : ._ o e ‘. ...‘ ‘ ,_‘ , , A
— Y CH e — The operation of. the ce circuit i
== '~SERIAL ' .} ' MAKE. L jﬁ eesentially the. same -as described in !
Prefix .} ' Number | - CHANGES ° .| ' Paragraphs 4-21 'through 4-26, " except
' Y FERNERI B AR ' that»there is an extra diode érop in - - o
jﬁgﬁsA : \I101_140i3f-f§5§fr°f" 'nbf". the.output of the ce. circuit. ‘“n. “eﬁﬁj 2
20478 | 141-260 *. ) 1,2 0 AU R L J
21168 | - 261-300 Lle3 L f;‘n 3”-§?% *pqn, 72 L
21218 |, 301-540, | 1-5,.8% . | s T e |
21363° | 541=680° | ., 1-6, B* 6 PEREEE A TR GO B f '
2147 | 681-770 ﬁ¢}1-7, B s R T e f
2204A° | 771810 | - f o e
2207A | Bl1~960" “.1-9.,10- BT RN 3 - ;
22138 L ivge1-1110 | v oa-r0 o SRS 2 KV e o _
© ) 2228 | 11111360 Au”lfll ARV I S O PR N
L Pl22aa 1361=pp:, e e ot st e | uge
: . Db 1 R PR AR IR R . " ﬁf; ‘th
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In Paragraph 2-24, ‘step b. should aiso be‘ E R ]m::%pﬁr o, R
. performed with a full load, as described;f.ﬁ:; R T T T T
' in step R Lo b o canuoe 25

In ‘the replaceable parts list make the .
following changes- on page 63, R20 from

, On page B-2, change INPUT POWER SPECiflf
cations to: Two internal sthches angd

0 ..' i

. two internal jumoers permit operation \

. from 1oovac (-lot, +5%), 48 63 Hz. Haxi-
o input current is 24 A mms,’ Eliminate.
FPLAK INRUSH CURRENT- values for 120, 220,

‘and 240 Vac. (Specifications for 120,

220, and 240 Va. are. given in Table 1-1).5
=_,Inpar.';ch:aph B-53, .change HP Part No. of

R136 to 0698-4486, R151 to 0757-0471

.On Figure 7-9, change R19 (between +: and

. = output lines, just to right oleoun

Programmer) to 6' k., In the. 0vervoltage
. Protection Circuit, the wiper of ASR4 is
connected R \ ‘

to J2-2.

CHANGE ' 1:. . -»”5‘

:‘In the replaceable parts list for A2
:Control Board Assembly; add CR31, .HP.

‘Part No. 1901-0033; add R89, 1MQ iSt,
Part No. 0ARB3-1055; change CR19 to HP

" Part No 1901-0033. CR31 is mounted rext

to €31, with.its anode connected to CR19
‘and its cathode connected to- RS?. R89 is
mounted between the cathode end of CR19"
and the end of ‘R60 closer to UB On the

schematic, add CR31 and R89 to the output

of the cC circuit as shown ahove. ‘

}

£ 0698-6341, (7500) .

\; under chaSSis Hechanical, add bumper feet

';{ screw HP Part’ No.' 2370-0026, qty. 4 and.

+HP Part ‘No.'06012-B0005 to. HP Part. No. = &
06012-80006; on page‘6-5, R27" from HP -

. Part No.,0698-6335 {9002} to HP»Part No.
.on’ page 6-5, RB- from "

| HP Part No. 0757-0413 (3929) to HP Part
‘No.’ 0757-0410 (301n).‘, 'g :
o '. .. Change 3:-. S
In the replaceable parts list, page 6-9,Lpu

, ', A
H : !
[

. HP' Part No. 0403 -0266,’ qty. 3.0 ;p, e v»ﬁf
; S Change LT N K

In the replaceable parts’ list, page 6-8,.

change Fan-tube axial 115 V' to. HP Part’, .

" No. 3160~0301." - (when ordering a new fan i,

the hardware listed ‘below must be ordered). -

on page 6-9, under \Chassis ‘Mechanical, add .

nut HP Part- No.‘0590-0653, qty. .f‘n..

, . Change. 5z, o o

In the replaceahle parts list, page 6--5r

change R133 and R134 to 110 x, 1/8 W, 1%, = -

HP Part No. 0757-0466 On. page 6-7, under . -
+ FET Assembly, add 12 and 13,. ferrite bead,ﬁn-

HP Part No. ., 9170-0894, qty. 2.
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i "rime, change

" on page 1-3, un _
"y, Time,. change the £irst sentencg~to{:ead:~A‘

 NANUAL CHANGES/MODEL SO12A '
! MANUAL HP PART No. 06012-90001 - S

S

. CHANGE 6t

‘h'Iﬁ;tha:igﬁiaéeibié b3xtb list:ypagele-Tp

1 v H

.der¥331F£T‘Assemb1y,
- FET-dualsTO3 HP Part No.
. i ERRATAE '

.change Q1,2 to

»Maximum time for output voltage to

i change £xom 2 V to 60,V ..."- In Appendix

under Programming Response

) the first sentence to read:
"Makimur time foi output, voltage to -

' change from 2 V to 5c Vor50Vto2V, -

——

B, P‘geB‘zr

" and’ settle withing the 200 BV band ..%

;o .. CHANGE Te
on page 6-8,

aq“chnnge-thefquhntity of contact-terminal,
' __HP Part No. ;251-0600, £rom .
. Ftont‘Panﬁl'Assgmhly-ﬁechnnical} add: Fan’

4.to 6. Under

. cable assembly, HP Part No 8120-3468, -

\'Ltacgqférﬁihéls.

qu;‘ll This,fan‘Cablé.éségmb}yfupSI,‘ ‘
'sqldeiéd-Qifectly'oqtd-tpe-;ixcuitiﬁoqrd,
.now it is attached ' meapss,of .two con-
In tlie'replaceable parts
1ist, page 6-9, un@erHChassis—Hecpanical;
addfcable”bﬁshinbﬂﬂ
gtys 1. 0 L p T
._"..,"’- . ‘?‘ . 1_{‘.' ‘,:"l'l ERBATA: N o "‘_:; .

on pageil-z,‘pa:aéraph 1-13, 'add the
following statement under ‘Front handle
kit ifir 5% inch high cabiiets: “(will be
‘shipped with instiument if ordered as’
option 9G7)." On page 5=11,
add the following section to the flow- '
chart!where the first decision box
appearing below is the same as the one .

appearing in the manual. '

v y
\

- F21218-00327

'5080-1991. .

‘undér;ProgximminQ'Re#ﬁqhse-\ .

u$déi;uninjBoard}H§¢haniéél,u

P Part No. 1251-6532,
v . ‘ ' ,,) 3 .
' 1/8 W, HP:Part

! ig connected to the instrument via the AC

figure}Sél},_-_

Vo e R

o P L _ .
, In the replaceable varts list, page

.- CHANGE 8:

eThis éhnngb‘aiso applies to

the following.
ot gerial numbers: . L T

'2147a-00684 ,
. 2147A-00687 '«
2147A-00638-00692 K
2147A-00695 o
2147A~00699 .

; 2121A-00334 A
'2136a-00600 '
' { 2136a-00609 . ]

2136A-00612 .. N
2136A-00615-00617 2147A-00700-00703 .
2136A~00645 2147A-00705. )
© '] 2136A-00563 '3147A-00707 '
23136A-00670-00672" | .2147A-00708 -
2136A-00676-00679 21473-00710-00717

" In the rgplaceab1e7p§rtsvlist, page 6-3,
_ada CRI4, HP Part No. 1901-0050, gty. 1. | |
on the schematic Figure 7-9, add CRI& .. .
acrcss Q2, Base (cathode) to Emitter .. o

ode)s
s © ' CHANGE™ 9:. O
In the replaceable parts list, page 64, _
change ‘€27 to cap 3.3yF 5y 15 V HP Part
o Ko.: 0180-2264. LR ‘
U - CHANGE 10: . ;
#This change alsc applies to’thé:following
~ serial rumbers: 2207A-00949, 2207A=00°5C,
- 2207A-00952. Change L2 and L3 (previously
. -added 'in CHANGE '5) ko’ Inductor, 0.15WH, " ...
. HP part No. 9100-1610, qty. 2. In the - o
! replaceable patts-list;‘page_G-?,'unﬁe; .
’EET,Assémblv}‘chanée’RB‘to_res 110 k 1% .
No. 0757-0466. SR e
B ERRATA: " . ' :
In Séct;on'II‘(InStallation). page 2-2,;'
./ paragraph 2-18 should read: "Input power .

'

‘Fiite:,ASSemhly on the rear panel. The.

. ‘power cord must be & three=-conductor

" cord rated for at 1east 85°C. For 120 V .
operation each conductor must be AWG #12

© (3.31m?), or larger. For 220 V or 240V

cperation, each_conductor must be AWG.#14 |

lg-(z.oemmz) or ldkger-QLQ#ger,wire sizes

" may be required’to prevent excessive,

: 'voltqge’drop in the AC input.”

C © CHANGE 11: :

" ' In the replaceable parts 1ist, page 6-3,

~ change A1Q2 to HP Part No.' 1854-0456, and
on page 6-8, under Al Main Board Mechanical,
delete "spacer, plastic (Q2)," HP Part No.
1200-0181. R

' f ! N '

" W CHANGE 12: 4

. 6-7

cPange R4 to

HP P/N 2100-2216.
10/11/82 RO
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