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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,"”
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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:

6QY - 030w FM m ZM
60 14 Lje]-14)
[ SR S N, 1] 00 Hao
) 50 230 [1-14]
: 41 '3-1¢] 17
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g \ 20 1] 1000
g v — —\\
E _ W, rocow
v
—_
m ——— . pu— E—
I
IGA 20A 304 L)Y S0A

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
(voLTS)

FLLL LOAD
(3441)

e —

1O LOAD
N

N

Q 00 200 300 400 800 600 To0
DOWN PROGRAMMING TIME {m5)

1.3




Tabla 1-1. Opecifications, Modael 8012A (continuad)

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

]

/‘

3

3
™

UP PRCGRARSIING TIME (m5)

B

\J

x ) 40
Avoyr voLTs)

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
. e Iop
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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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Figurs 3-E. Remote Sensing
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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.}

R o R 1 T R e

=

W

TG


























































































































































































































































