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CERTIFICATION

| Hewdett-Packard Company certifies that this product met its published specifications at the time of shipment from

the factory. Hewlstt-Packard further certifies that fis calibration measurements are traceable to the United States
National Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calfbraf:on
faciities of other inremarrcnaf Standards Organrza tion members. :

WARRANTY

This Hewfett:Packard instrumant product :s warramed agamst durests IR materal 58 wcrkmanshqp for a peried of
ong year from date of shipment. During the warranty period, Hewlett-Packard Company will, at its option, either
repair or reglacs products which prove 16 be defactive,

For warranty service or repair, this product must be retumed to a service facility designated by HP. Buyer shall
prepay shipping charges to HP and HP shall pay shipping charges to raturn the product 1o Buyar. Howaver, Buyer
shall pay all shipping charges, duties, and taxes for products returned te HP from another country. ’

HP warrants that its softwarza and firmware designated by HP for use with an instrument will sxzcute its prograrem-
ing instructions when properly installed on that instrument. HP does not warrant that the Gperation of the Instru-
ment, or software, or firmware will be uninterrupted or error free,

LIMITATION OF WARRANTY

The {foregoing warranty shall not apply to defects resulting from impraper or i'nadequatn maintenance by Buyer,
Buyer-supglied software or interfacing, unautherized modification or misuse, operation outside of the gnvironmen-
tat specnf;catnons for the prcduct or xmproper site preparation or maintenance,

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLA IMS THE EMPLIED WARRAN~
TIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDEES

THE REMEDIES ?ROV!DED HEREIN ARE BUYER'S SOLE AND EXCLUSIV:: REMEDIES. HP SHALL NOT BE
UABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES WHETHER
BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.,

ASSISTANCE
Product main tenance agreements and other customer assistance agreements are available for Hew/nrr-Packard pro:
ducts.

For any assistance, contact your nearest hewfeff Packard Sales and Service Office. Addresses are provided at the
back of this manual.
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SAFETY SUMMARY

The follovwing general safety precautions must be observed during alf phases of operaticn, service, and repair of this instru- '
ment, Faiture to comply with these precautions ar with specific warnings elsewhers in this manual viclates safety standards
of design, manufacture, and intended use of the instrument. Hewistt-Packard Company assumes no lability for the

customer’s faflure to comply with these requirements.

BETORE APPLYING POWER.
Verify that the product is set to match the avaiiable fine
voltage and the correct fuse is instalied. -

GROUND THE INSTRUMENT.

This product is a Safety Class 1 instrument (provided with a
protective earth terminal). To minimize shock hazard, the in-
strument chassis and cabinet must be connected to an elec-
trical ground. The instrument must be connected to the ac
powar sunply mains through a three-conductor power cable,
with the third wire firmly connected’to an electrical ground
{safety ground] at the power outlet, For instrurments designed
t¢ be hardiwired to the as power lines (supply mains), connect
the protective earth terminal to 3 protective conductor before
any other connection is made. Any interruption of the protec-
tive (grounding}.conductor or disconnection of the protective
earth terminal will-cause a potential shock hazard that eould
result in persanal injury. if the instrumantis to be energized via
an externaf autotransfermer for voltage reduction, be certain
that the autetransformer comman terminal is connectead to the

DO NOT EXCEED INPUT RATINGS.

This Instrument may be equipped with a line filter to reduce
electromagnetic interference and must be conrected to 2 pro-
perly grounded receptacle to minimize electric shock hazard.
Operation at line voltages or frequencies in excess of those
stated on the data plate may cause leakage currents in excess

of 5.0 mA peak.”
. . Instruction manual symbol; the product
. & is necessary for the user to refer {0 the
~ Contents), -
@_ or e

 will be marked with this symbol when it
; : indica:es,hazardoué voltages,

Indicate earth {ground} terminal,

_neutral (earthed polel of the ac power lines.{supply-mains}.-

INPUT POWER MUST BE SWITCH
CONNECTED. '

For instrurments ‘without a built-in line switch, the input powar
lines must-contain a switch or another adequate means for
disconnecting the instrument from the ac power lines {supply
mains}, : : o

‘DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE. |

Do not operate the instrument in the hresence of flammable
gases or fumes,

KEEP AWAY FROM LIVE CIRCUITS.

Operating persennel must not remove Instrument cover“s.“
Component replacement and internal adjustments rmust be
made by qualified service personnel. Do not replace com-
ponents with power cable cénnected, Under certain condi-

tions, dangerous voltages may exist aven with the power cable.

“removad. To avoid. iniuries, always disconnect power,
discharge cireuits and remova axternal voltags sources bafore
touching components,

DO NOT SERVICE OR ADJUST ALONE.

Do not attempt internal service or adjustment unless anothar

person, capable of rendering first aid and resuscitation, is

present, .

SAFETY SYMBOLS.
instruction manual {refer to Tabla of
WARNING

The WARNING sign denctes a hazard, It

" calis attention to a procedure, practice,
or the iike, which, if not correctly per-
formed or adhered to, could result in
personal injury. Do not progceed beyond
a WARNING sign until the indicated
conditlons are fully understood and maet,

The CAUTION sign denotes a hazard. It
cails attention to an woperating pro-
" - cedure, or the like, which, if not correct-
ty performed or adherad to, could result
in damage to er destruction of part or all
. - of the product. Do not proceed beyond
= . -a CAUTION sign until the indicated con-
- ditions are fully understood and met.

. CAUTION

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMENT.

Because of the danger of introducing additional hazards, do
not install substitute parts, or perform any unauthorized
medification to the instrument. Return the instrument to a
Hewlett-Packard Sales and Service Office for secvice and
repair to ensure that safety features are maintained.

Instruments which appear damaged or defective should be made inoperative and securad against unintended operation until

they can ba repaired by qualified service personnel,




SECTION |
GENERAL INFORMATION

1 DESCRIPTION

1.2 This power supply, Figurs 1-1, is completely transis-
torized and is suitable for high power applications which re-
quire a de source with 2 moderate degree of regulation. The
supply is a constant voltage/constant current type that wyill
furaish full rated cutput voltage at the maximum rated out
put current or can be continuously adjusted throughout
maost of the cutput range. The front panel CURRENT con-

trols can ba used to estabiish the output currant limit {over-_'

toad or short circuit) when the supply is used as a constant
voltage source and the VOLTAGE controls can be used to

establish the voltage limit {ceiling} whan the supply is used
as a constant current source. The supply will automatically
cross over fram constant voltage to constant current opera-
tion and vice versa if the output current or voltage exceeds
these preset limits. o '

1-3  Many protaction circuits are included in the supply to

protect the regulator SCR's against excessive current or .

" _ygltageand-to-protect the user’s load. The supply also con-

g tains the front parel trouble lamps associated with some of
the protection circuits,

14 Qutput voitage and current are continuously monitor-
.ed on two front pane! meters. Input power is connected to
a four pin connector on the rear of the unit. The output
terminals ara heavy busbars also mounted at the rear of the
unit, Terminal strips at the rear of the unit allow ease in ex-
pariding the operational capabilities of the instrument. A
brief description of these capabllities is given below:

a. Remote Programming. The power supply output
voltage or currant may be programmed {controlled) from &
remote location by means of an external voltage source or
rasistance. ' ‘

1. Remote Sensing. The degradation in regulation

" which occurs st the load due to voltage drop in the load
leads can be reduced by using the power supply in the re-

. mots sensing mode of operation.

c. Auto-Series Operation. Two power supplies may

- be used in series when a higher output voitage is required
in the constant voltage mode of operation or when greater
voitage camptiance is required in the constant current
mod e of operation. Auto-Beries oparation permits one-knab
control of the total output voltage from a "'master” supply.

d. Auto-Paraliel Operation. The power supply may be
operated in paratlel with another unit when greater cutput

11

Figure 1-1. Typical 10kW Power Supply, SCR-10 Series

current capability is required. Auto-Parallel operation per-
mits ane-knob controt of the total cutput current froma
“master’ supply. '

e. Battery Charging or Discharging. The suppiy can he
used in automatic battery charging or discharging applica-
tions. The automatic crossover between constant voltage
and constant current permits the operation to be unattend-
ed.

1-5 SPECIFICATIONS

16 Detailed specifications for the power supply are given
in Table 1-1 on Page 1-3. ’

iy R

S e

< e e e G



1.7 OPTIONS

1-8  Options are customer-raquested factory modifications
of a standard instrument. The following options are availa-

ble for the instrument covered by this manual. Where neces-

sary, detaited coverage of the options is included zhroughout
the manual. Notice that the customer must spemfy one of
the five input power options available for this supply when
ordering a unit, These optians (001, 002, 003, 031, and
032}, together with the other avaslab[e options, are described
belg _ .

Y.

Option No. Description

001 208Vac £ 10%, 3-phase input, 57—63Hz..

G02  230Vac * 190%, 3-phase input; 57—63Hz.

003 460Vac  10%, 3-phase input, 57—83Hz.

00s 50Hz ac input. Standard instrument is wired for .
nominal 80Hz ac input. Option 005 includes ra-
alignment, and in some cases, internal rawiring.

008 internal overvolitage protection crowbar fNot
applicable to 6464C). Protects delicate loads
against power supply failure or oparator error.,
Monitors the output voltage and places a virtual
short circuit {conducting SCR) across load with-
in T0us after preset trip voltage is exceeded. For
complete specifications, refer to Appendix A,

023  Rack kit for mounting cne supply in standard
19" rack, .

"~ 031 380Vact T0%, 3-phase input, 57 —B3Hz,
032

400Vac £ 10%, 3-phase input, 57 -83Hz.

1:2

19  Accessories

1-10 One accessory, HP Part No. 145454, is availahle with
this supply. It-consists of four snap-on casters and can be
ordered with the power supply or separately from your
tocal Hewlett-Packard sales office.

111 INSTRUMENT/MANUAL EDENTEFICATEON

112 This power supply is identifiad by a three-part serial
number tag. The first part is the power supply model num-
ber. The second part is the serial number prefix, which con-

“sists of 3 number-letter combination that denotes the date

of a significant design change; The number designates the
year, and the letter A through M designates the month, Jan-

uuarythroagh December, respectwely,wmh *I' omitted. The

third part is the power supply serial number; a differant se-
quential numb_er is assigned to each pawer supply.

1-13 If the serial numbar on your instrument does nat
agree with those on-the title page of the manusl, Change
Sheets supplied with the manual or Manual Backdating
Changas define the differances between your instrument
and the instrument described by this manual,

114 ORDERING ADDITIONAL MANUALS

115 One manual is shipped with each power supply. Addi-
tional manuals may bas purchased from your local Hewlatt-

Packard field office (ses list at rear of this'manual for address-;

es). Specify the modal number, serial number prefix, and HP
part number shown on the title page.



Tabie 1-1.

Specifications

INPUT:
208/23G/38B0/400/460Vac + 10%, Three Phase, 57 10
§3Hz, S0A per phase @ 230Vac.

OUTPUT: ,
035V @ G~300A (NOTES 1 and 2). .

LOAD REGULATION:

Constant Voitage — Less than 0.05% pius dmV for a
load current change equal to the current rating of the
supply.

Constant Current — Less than 0.1% plus 0.3A for a
toad voltage change equal to the voltage rating of the

supply.

" LINE REGULATION:
Constant Voltage — Less than 0. 05% plus 5mV for
any change within the input rating.
~ Constant Current — Less than 0.1% plus 0.3A for any
change within the input rating.

RIP?LE AND NOISE:
Constant Voltage — Lass than 180mVrms, 1V p-p (de
to 20MHz). (NOTE 2}

TEMPERATURE RATINGS: .
“Qperating: 0 to 500C. Storage: —40 to +756C.

TEMPERATURE COEFFICIENT:
Constant Voftage - Less than 0.03% plus 400uV

change in output per degree Centigrade change in ambi-

ent following 30 minutes warm-up.

Constant Current — Leass than 0.06% plus 100mA
change in output per degree Centigrade change in ambi-
ent following 30 minutes warm-up.

STABILITY: ,
Constant Voitage — Less than 0.15% plus TmV total
drift for 8 hours following 30 minutes warm-up under

constant ambient conditions.

Constant Current — Less than 0.4% plus 0.4A total
drift for 8 hours following 30 minutes warm-up under
constant ambient conditions.

TRANSIENT RECOVERY TIME:

Less than S0ms/100ms is required for output voitage
recovery {in constant voltage operation} ta within 1.5V/
500mV of the nominal output voitage following a load
change from full load to half load or vice versa (NOTE 2).
METERS: -

A frant panel veltmeter [0—40V) and ammeter (Q-
350A} are provided. {Accuracy is 2% of full scale.)

RESOLUTION:

Constant Voltage — 36mV is the minimum output
voltage change that can be obtained with the front panel
controls.

Constant Currant — 0.3A is the minimum output cur
rent ‘change that can be obtained using the front panel
controls,

REMOTE RESISTANCE PROGRAMMING:

Constant Voltage — 200 ohms/volt {Accuracy: 2%). -
All programming terminals are on 2 rear barrier sturip.
U Cgnstant Current — 3.33 ohms/ampere {Accuracy:

%), All programming terminals are on a rear barfier strip.

COOLING:
Forced air cooling is emplcyed by means of an inter-
nal fan,

WEIGHT:
500 !bs. net. 555 Ibs, shipping.

SIZE:
16-3/4" W x 26-1/4" H x 26-1/8" D, The unit can be
mounted in a standard 18" rack panel.

NOTES:

1. Specifications apply only when (a) supply is delivering more than 5% of maximum rated output voltage {CV opera-
tion) or 5% of maximum rated cutput current {CC operation), and {b) load is drawing more than 100W, Restriction (b}
is lifred when supply i; delivering more than 30% of maximum rated output voitage {CV operation}or 30% of maximum

rated putput current (CC operation),

2. For operation with a 50Hz input (possible anly with Option 05), output gurrent is linearly derated from 100% at
400C 1o B0% at 500C. Other specifications {indicated in Table) must be increased by 50% for a 5QHz input,

1-3

&
i
i
£
I






e A

SECTION
INSTALLATION

21 INITIAL INSPECTION

2.2 Before shipment, this instrument was inspected and
tound to b free of mechanical and electrical dafects, As
soon as the instrument is unpacked, Inspect for any damage
that may have occurred in transit. Save all packing materials
until the inspection is completed. If damage is found, file a
claim with the carrier immediately. Hewlett-Packard Sales
and Service office should be notified.

2.3 Mechanical Check

2.4 This check shouid confirm that there are no broken
knobs or connectors, that the cabinet and panel surfaces
are free of dents and scratches, and that, the meters arg
not scratched or cracked,

2.5 Electrical Check

2-6 The instrurnent should be checked agdinst it electri-

cal specifications. Section V includes an “in-cabinet”

performance check to verify proper instrument operation
2.7 INSTALLATION DATA

2-8  The instrument is shipped re_ad'y for operation. itis
necessary only to connect the instrument to a scurce of pov
er and it i§ ready for operation, 2

2.8  Location

2-10 This instrument is fan cooled, Sufficient space should
be alictted so that a free flow of ¢ooling air can reach the
sides of the instrument when it is in operation. It should be
used in an area where the ambient temperature does not ex-
ceed S00C. ‘ .

2-11 Outline Diagram

2-12 Figure 2-1 illustrates the two basic outline shapes for
power suppligs of the SCR-10 Series.
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2-13 Rack Mounting

2-14 To rack maunt the unit, Option 023 is installed at the
factory. The user receives the supoly with rack ears attached
to the side-front of the unit. The supply can then be mount-
ed in a standard 18-inch rack using standard mounfmg
SCrews,

215 INPUT POWER REQUIREMENTS

2-168 The input powsr is specifisd by the buyer in his ori-
ginai purchase contract using the appropriate option num-
ber. Five input options are available; Opticn 001 (208Vac),
002 {230Vac), 003 {4580Vac}, 031 (380Vac) and 032 {400Vv-
ac). All of the optional line voltages may vary within £10%,

2-17 All ac input connections are made at the rear terminal
block (a power cord and connactor are not supplied with
the unith, The user shoutd ensure that the ac input wires are
of the proper gauge. For examale, the line currant is 50
amperss {maximum) for a 230Vac input, dictating that each
conductor be at least number B gauge wire. The safety
ground wire shouid be the same ga—{;ge as the ac input wires.
to ensure that it does not open and creats a safety hazard.

2-18 The ac power source to this supply may be either
deita or wye with isolated neutral, The three phase input
veltages must be balanced to within 8% of each other for

the supply to-operate. However, i the input lingvoltages -

are unbalanced.by more than 3%, the unit may not mest the
published ripale and noise specification; although it will
meet all other specifications. Moreover, if the user’s line im-
balance exceeds 3%, it is edvisable to chack the input Hine
currents and adjust the current balance ¢ireuit, |f necessary
{refer to Paragraph 5-05},

2-19 Any SCR regulated supply, because of its inherent
characteristics, cannot tolerate # great degree of distortion in
the input line voltage. The amount of distortion that can be
tolérated is not precisely defined, but the supply should
never be driven from the output of an inverter or 3 szturable-
reactor type of regulator where the nominally sinusoidal

waveshape is flattened considerably, Another cause of distor-

tion is high line impedance. The user should contact the fac-
tory if trcuble is experienced in this area.

2-20 208/230Vac Conversion

221 To convert the unit fram a 208Vac {Option 001) to a
230Vac (Option 002] input, or vice versa, it s necessary on-

" ly to restrap transformers T4, T5, and A3T1, T2, and T3.

No other changes are necessary because the componants
used for Options 001 and 002 are identical. The schematic
diagram, Figure 7-7, shows the transformars naoted above

2:2

strapped for 230Vac operation, Hence, to convert the unit
from a 208Vac input to a 230Vac input, remave the 208V
ac jumpers and conaect the transformers as shown on the
schematic, To convert the unit from a 230Vac input to a
20BVac input, simply use the 208V terminals as follows:

a. With the unit off, remove jumper between T5-3
and T5-8. Connect new jumper between T5-2 and T5-5,
Disconnact wire from fuse F8 to T5-6 and connect it ba- |

_tween F8 and T5-5.

b. For transformer T4, rarmove thres straps between’
A1-230, B1-230, and C1-230 and connect a strag.betwesn
A1-208, B1-208, and C1-208. .

¢. On transformers A3T1, A3T2, and A3T3, discon-
nect three jumpers between T1-0V and T2-230, T2-0V
and T3-230, 2nd T3-0V and T1-230. Connect thrse jump-
ers as follows: T1-0V to T2-208, T2-0V 10 T3-208, and
T3-0V ta T1-208.

222 380/400Vac Conversion

2-23 To convert the uhit from a 380Vac (Obtion 031} to 2

. 400Vac (Optionr 032} input, or vice versa, it is necessary on-

ly ta restrap transformers T4, T5, and A37T1, T2, and T3. -
No other changes are nacessary because the components
used for Options 031 and 032 are identical,

2:24 Transformer Connections for 380Vac Input. Fora
380Vac input, the OV tap on the primary transformer T5 is

-conmected tofuse P and the 380V tapis cormected 1o fuse

F8. The 400V tap is open, The secondary windings are con-
nected as shown on'the schematie, Figure 7.7,

2-25 Transfermer T4 is connected in the delta-star configu-
ration shown on Figure 7-7, For 380Vac operation, connect _
tap AT 1o tap 380 on the B section, tap B1 to tap 380 of

the C section, and t2p C1 1o tap 380 of the A section. The
three 400V taps are open,

2-26 Transformers A3T1, A3T2 and A3T3 are connected
in the delta-dslta configuration shown on Figure 7-7, For
380Vac dperation, connect T1-0V to T2-380V, T2-0V to
T3-380 and T3-0V 1o T1-380V. The 400 taps on the three
transformers arg open.

2:27 Transformer Connections for 400Vac Input. For a
400Vac input, the OV tap on the primary of TS must be
connected to fuse F7 and the 400V tap must be connected
to fuse F8. The 380V tap is left open. Secondary taps re-
main connected as shown on Figure 7.7,

2-28 For transformer T4 (delta-star configuration} tap A1
is connectad to tap 400 on the B section, tap B1 is ¢onnect-
ed 10 tap 400 on the C section, and tap C1 to tap 400 on
the A section. The three 380V taps are left open.



2.2 Transformers A3T1, A372, and A373 are connected
in an delta-delta configuration as follows: T1-0V tg T2-
400V, T2-0V to T3-400V and T3-0V to T1-400V. The
380V taps on the three transformers are left open.

230 50Hz Ac Input (Option 005)

2-31 For operation from a 50Hz source it is necessary only

to readjust the oltput ripple as described in Paragraph 5.84,

In rare instances it may be necessary to readjust the transi-
ent recavery potentiometar {(ATRA48) if the supply shows
signs of oscillating,

2.32 REPACKAGING FOR SHIPMENT

2-33 To insure safe shipment of the instrument, it is recam-
meanded that the package designed for the instrument be
used. The original packaging material is reusable, |f it is not
available, contact your local Hewlett-Packard field affice 1o
obtain the materfals. This office will also furnish the address
of the nearest service center to which the instrumient can ba
shipped. Be sure to attach a tag 1o the instrument specifying
the owner, model number, full serial number, and service re-
quired, or a brief description of the trouble
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SECTION Il}
OPERATING INSTRUCTIONS

’ Figt}re 3-1. Front Panel Controls and Indicators, Typical SCR-10 Supply

l

31 TURN-ON CHECKQUT PROCEDURE _ - - NOTE

E 3.2 The following checkout procedure describes the use The supply output is held off for

l of the front pariel controls and indicators {Figure 3-1) and A spproximately 10 to 20 secends
! ensures that the supply is operational, - after turn-on by arinternal controf

ﬂ a. Set ~LINE ON switch @ to on and observe that circuit,

il _pilot lamp @}l'&ghts. , . . : ‘ . ‘

i h. Aftar turn-on delay period [see NOTE), rotate ¢. To chack out constant cutrent circult, first turn off
CURBENT cantrols fully clockwise and adjust VOLTAGE supply. Then, short circuit output bus bars and rotate VOLT-
: controls @ 1o ohtaln desired cutput voltage on voltmeter AGE controls fully elockwise.Turn-on supply, '

d. After turn-on delay, adjust CURRENT coatrals (8)




until desired cutput current is indicated on ammeter @
e, If supply is equipped with an overvoltage crowbar
{Option 006}, front panal will contain CROWBAR ADJUST
_potand lamp . |f CGption C06 is not ordered this portion
“f panel is blank. Refer to Appendix A for crowbar oper-
ating instructions.: -
f. TEMPERATURE and OVERCURRENT PRO-
TECT lamps, and (8), are described in Paragraph 3-24.
Before connecting actual load to supply, read the 'foi!owing
paragraphs. '

33 OPERATING MODES

34 The power supply is desigrned so that its mede of oper-
ation can be selected by making strapping connections be-
tween particular terminals on the terminal strips at the rear
of the power supply. The terminal designations are plated on
the P.C. bozrd below their respective terminals. The follow-
ing paragraphs describe the procedures for utilizing the vari-
pus operational capabilities of the power supply. A more
theorztical description concerning the operational features
of this supply is contained in Application Note 80A, Power
Supply Handbook {available at no charge from your local
Hewlett-Packard sales office). Sales office addrasses appear
at the rear of the manual. )

35 NORMAL OPERATING MODE

3-8 . The power supply is normally shipped with its rear
_ferminal' strapping conmections arranged for constant voit-
sge/constant current, local sensing, local programming,
single unit mode of operation. This strapping pattern is
shown in Figurs 3-2. The operator selects either a conistant
voltage or a constant current output using the frent panel
controls {local programming; no strapping changes are
necessary).

37 Constant Voltage

3-8 To select a constant voltage cutput, proceed as fol-
lows: : .
a. Turn on power supply and adjust VOLTAGE con-

" trols for desired output voitage with cutput terminals open.
, b. Short circuit output terminals and adjust CUR-

RENT controls for maximum output current allowable
{current limit), as determined by load conditions, If a Toad
change causes the current limit to be exceeded, the power
supply will automatically ‘cr-o_ss' over to constant current
cutput at the preset current limit and the output voltage
will drop proportionately. in setting the current limit, al-
lowance must be made for high peak currents which can
cause unwanted crossover. {Refer to Paragraph 3-63.)
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Figure 3-2, Normal Strapping Pattern

3

KE:] ‘Constan.t Current

310 To select a constant current output, proceed as fol.
fows: o ‘

a. -Short circuit cutput terminals and adjust CUR-
RENT controls for desired output current,

b, Open output terminals and acjust VOLTAGE con-
trols for maximum output voltage aliowabte {voltage limit),
as determined by load conditions. If a load change causes
the voltage limit to be exceeded, the power supoly will auto-
matically cross over to constant voitage output at the preset
voltage limit and the output current will drop proportion-
ately. In setting the voltage limit, aliowance must be made
for high peak voitages which can cause unwanted crossover,
{Refer to Paragraph 3-634

NOTE

As indicated on the Specification
Table {1-1} the supply may rot meet
all specifications under “light load”
conditions. - These constraints are-
due to minimum operating thresh-
olds inherent in the SCRY in the
requlator. However, as shown on
Table 1-1, the supply will cperate
satisfactorily If the supply delivers
more than 30% of the rated cutput
veltage (Constant Voltage opera-
tion) or rated cutput curreat {Con-
stant Current operation), Only 5%
of rated output voltage or currentis
required provided that the supply Is
delivering more than 100 Watts to
the load. :




3.11 No Load QOperation

3-12 When the supply is operated without @ load, down-
programming speed is considerably sfower than in normal
loaded operation, The actual time required for the output
voltage to decrease to 2 level set Dy the frong pane! control
varies from approximately 8 seconds to about 200 seconds,
depending on the model number and the incremental -
change, :

2.12 Output Ranges — Modals 6466C and 6483C
Only "

314 Mode! 84586C can be operated in one of two output
ranges while Model B4B3C has three output ranges {refer'to
Specification Table, 1-1, for these units). No range switch-
ing is required but the current and voltage requiremants of
the load should be predetermined to ensure that the ratings
for a particular range will nat be excesded. If a rating is ex-
ceeded, one of the supply’s interhal protection cireuits will
be activated. For example, if the supply is aperating in the
high voltage, low current range and the putput current ex-
ceeds the rating for that ranga, the overcurrent circuit will
become activated and shut off the supply.

315 Conneéting Load

3-18 Each load should be connected to the power supply
©eltput terminals using separate pairs.of connecting wires.
This will minimize mutual coupling effects between loads-
and will retain full advantage of the low output impedance
of the power supply: Each pair of connecting wires shouid
he as short as possible and twisted of shielded to reduce
noise pickup. {If 2 shielded pair is used, connect cre end of
the shield to ground at the power supply and leave the
other end unconnected.) ‘
317 fisad considerations require that the output power
distribution terminals be remotely located from the power
supply, then the power supply output terminals should be
- connected 1o the remote disiribution terminals via a pair
of twisted or shielded wires and each load shouid be sepa-

rately connected to the remote distribution terminals. For

this case, remote sensing should be used. (Refer to Para-
graph 3-40.}

3-18 Grounding

3-18 Positive or negative output voitages can be obtained
from the supply by grounding either cutput bus, If the
output is floated [neither output bus grounded) it can be
.operated up to 100Vdc above ground {300Vdc above
ground for Models 8475C, 6477C, and 6479C).

3.20 When grourding the output, the customer’s ground
must be used gnd connected to the desired output bus on
the supply. Do not ground the cutput at the supply’s
chassis or at the ac ground terminal on the rear of the

" supply: These points are at safety ground and are not the

risutral of the power scurce (refer to Secticn 1), By fol-
lowing these recornmendations and running a separate lead

from each output bus to the load, the user wili be doubly.

certain that no load current will flow through the ac input

" wires to the supoly,

3-21 Operation Beyond Rated Cutput

3-22 The shaded ares on the front panel meter face indi-
cates the approximate amount of cutput voltage or current
that may be avaitabi2 in excess of the normal rated output.
Although the supply can be cperated in this shaded regicn
without being damaged, it cannot be guarantead ic meet
all of its performance specifications. :

3.23 Protection Circuits

324 This supgily éontains an internal overload protection

circuit which shuts off the supply in the event of a pro-
lenged overcurrent or overtemperature condition {details
given in Section iV}, This circuit also iluminates the appli-
cable indicator lamp (OVERCURRENT PROTECT or

TEMPERATURE) on the front panel. If one of these
..[am.p.s..s..h..o.t..:..!.;i...&_igm, the operator should set the LINE

switch to off and turn the VOLTAGE and CURRENT con-
trols 1o zero {CCWI: Nex1, the unit shouid be turned back
on, If the overload lamp lights again, turn the unit off and
procead to Section V, Troubleshooting. If the lamp does
not light, the overload may have been caused by a line
transient o an improper connecticiatthe rear barrier
strip. Ensure that allscrews on the rear barrier strip are
tight and that the strapping pattern agrees with the dasired
operation. :

3-25 OPTIONAL.OPERATING MODES
326 .Remote.Pr"ogramming, Constant Voltage |

3.27 The constant voltage output of the power supply
can be programmed {controHed) from a remote location if
required, Either a resistance or voltage scurce can be used
as the programming device. The wires connecting the pra-
gramming terminals of the supply 1o the ramote program-
ming device should be twisted or shielded to reduce noise

-pickup, The VOLTAGE controls on the front panel are

automatically disabled by the following procedures.

Il

3-28 Resistance Pregramming {Figure 3-3). Inth isAmocie,




the output voltage will vary at a rate determined by the con-
stant voltage programming coefficient {refer to Specifica-
tions Table, 1-1). The programming coefficient is determined
by the programming current. This current is factory adjusted
1o within 1%. if greater programming accuracy is requirzd, it
may be achieved by adjusting ATRY as discussed in Para-
graph 5-76.
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Figure 3-3. Remote Resistance Programming,
Constant Voltage

3-29 The output voltage of the supply should ba 0 % 10mV
when zero ohms is connected aeross the pregramming termi-
nais. if a zero chm vaitage closer to zero than this is required,
it may be achieved by inserting and adjusting A1R11 as dis-

cussed in Paragraph 5-75.

" 3-30 To maintain the stability and temperaturs coefficient

of the power supply, use programming resisters that have
stable, low noise, and low temperature coefficient {fess than
3Cppm per degree Centigrade) characteristics. A switch can
be used in conjunction with various resistance values in gr-
der to.obtain discrete output voltages. The switch should
have make-before-break contacts to avoid momentarily
opening the pregramming terminals during the switching
interval,
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3-31 Voitage Programming, Unity Gain {Figure 3-4]. Em-

"ploy the strapping pattern shown in Figure 3-4 for voltage

programming with unity gain, In this moda, the output volt-
age will vary in 2 1 to 1 ratio with the programming voltage
{reference voltage} and the load on the programmmg voltage
source will not excead 20 microamperes.

3-32 To prevent the internal programming current from
flowing 1o terminal A2 and into the extarnal voltage soures,
2 jumper strap on P.C. Board At must be removed {see Fig-
ure 7-1 for location of the jumper]. Be sure to reconnect
this jumper before converting the unit to 2 dlfferent oper-
ating mode.

. : »
3-33 The output voltage of this supply cannot be voltage .

programmed with gain unlike somz of the other HP supplies.

3-34 Remote ngrammmg, Constant Current
3-35 Eather a reslstance ora voltage source can be used to
control the constant current output of the supgly. The
CURRENT controls on the front panel are automat:ca!!y
disabled by the following procedures, -
3-38 Resistance Programming (Figure 3-5}, 'In this mode,
the output current varies ata rate determined by the con- -
stant currént programming toefficient given in Specifica.
tions Table, 1-1. The programming coefficient is determined
by the constant current programming current which is ad-

" justed to within 2% at'the factory. 1¥ greatér programming

accuracy is required, it may be achieved by adiusting A1R25
as discussed in Paragraph 5-83. The output current of the
supply when zero ohms is placed across the programming
terminals may be set to exactly zero by adjusting A1R28 as
discussed in Paragraph 5-82,

3-37 Use stable, low noise, low temperature coefficient
{less than 30ppm/OC) programming resistors to maintain -

- tha power supply temperature cocefficient and stability
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Figure 3-4. Remote Resistance Programming,
Constant Voltage, Unity Gain

3.4

Figure 3-5. Remote Resistance Programmmg,
Constant Current




specifications. A switch may be used to set discrete values

. of output current, A make-before-break type of switch

should be used since the oUtput current will exceed the
maximum rating of the power supply if the switch contacts
open during the switching interval,

CAUTION

££ va;x P e toia-Teatectialel ﬁe;—mtun'n fAA A AD)
i Qregramriring &rmingis - (A% ang Ad;

should open at any time during the remote re-
sistance programming made, the output currant
will rise to a value that may damage the load. If,
in the particular programming configuration i
use, there is a chance that the terminaly might
become open, it is suggested thata 1500 resistor
be connected gcrass the programming terminals
Like the programming resistor, this resistor
should be a low noise, low tempersture coeffi-
cienr tvpe. Note that when this resistor /s used,
the resistance value actvally programming the
supply is the parallel combination of the remote
programming fesistancé and the resistor across
the programming terminals. . -

338 Vo‘hagé' Programming With Gain {Figure 3-6). The

power supply output current can be programmed using an
external voltage source with variable gain by utilizing the
strapping pattern shown in Figure 3-8, in this mode, the

~output currant with vary linearly from O-to-maximum rating

when the voitage source is programmed from 0 to 8.2 volts,
The value of the voltage source appearing across terminals
AZ and A10 should not exceed 7.4Vdc if possible damage
to the instrument is to be avoided.

3-39 External resistor Rp should have stable, low naoise,
and low temperature coefficient {fess than 30ppm per de-
gree Centigrade) characteristics in order to maintain the
stability and temperature specifications of the power suppiy.
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Figure 3-6. Remote Voltage Programmmg,
Non-Unity Gain, Constant Currant

Note that it is possible to use the front pane! current con-

* trols aiready in the supply (R3 and R4} as the ga/n control

{Rp) by‘simpfy.removing the external Rp and strapping ter-
minals A5 and AS together, .

3-40 Remote Sensing-{Figure_ 3.7

341 Remote sensing is used to maintain good regulation

- at the load and reduce the degradation of regulatsion which

would oceur due to the voltage drop in the leads betwsen
the power supply and the load. Rémote sensing is accomp-

- Hished by utilizing the strapping patterh shown in Figuse

3-7. The power supply should be turned off before chang-
ing strapping patterns. The leads fram the sensing (£5) ter-

. minals to the foad will carry much less current than the

Inad {zads and it is not required that these leads be as
heavy as the load leads. However, they must be twisted or

-shielded to minimize noise pickup.

3:42 For reasonable load [2ac fengths, remote sensing

greatly improves the‘perfbrmance of the supply. However,
If the load is located a considerable distance from the sup-
ply, added precautions must be obsarved to obtain satisfac-
tory operation. Notice that the voltage drop in the load
leads subtracts directly from the available output voltage
and also reduces the amplitude of the feedback error sig-
nals that are devaloped within the unit. Becalise of these
factors it is recommendad that the drop in the nagative
load fead not exceed 3 volts. If a larger drop must be toler-
ated, plesgse consuit-an HP SalesEhgineer: St

NOTE
Due ta the voltage drop in the [oad leads, it

may be necessary to readjust the current limjt
in the remote sensing mode.

3-43 Observance of the precautions In Paragraph 3-42 will
result in 2 low deoutput impedance at the load. However,
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Figure 3-7. Remote Sensing



another factor that must be considered is the inductance of
fong load leads. This causes a high ac impedance and could
affect the stability of the feedback loop seriously enough 1o
cause cscillation. If this is the case, it is recommended that
the following actions be taken:

a. Adjust equalization control A1R48 to remove os-
ciliation, or to achieve best possible transient response for
given iong load lead configuration. Refer to Paragraph 5-88
for discussion of transient response measurement.

b. 1f performing adjustment in step {a} above does nat
remove asciflation, connect 2 capacitor having similar char-
acteristics to those of the cutput capacitors {C1,CZ, etcl)
usad in the supply, directly across load using short leads. '
Readjust equalization controt R48 as in step (a) above after
making this change.

3-44 Although the strapping patterns shown in Figures 3-3
through 3-8 employ local sensing, it is possible to operate a
power supply simultaneously in the remota sensing and re-
mote programming modes.

3.45 Auto-Parallel Operaticn'(FEgure 3'-8} -

3-46 Two {maximum} SCR-10 power supplies can be con-
nected in an Auto-Parallel arrangement to obtain an cutput
current greater than that available from one supply. Auto-
Parallel operation permits egqual current sharing under ail
load conditions, and allows complete contrai of the output
current from the master powersupply- The-output current-
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Figure 3-8, Auto-Paraliel Operation

3-6

_pregramiming.

“of the slave will be approximately equal to the master’s out-

put current regardless of the toad conditions, Bacause the

- ewstput current controls of the slave are aperative, they

should be set to maximum to prevent the slave reverting to
constant current operation; this would occur if the master
output current setting exceeded the slave’s,

3-47 Remote sensing and programming can be used, though
the strapping arrangements shown in Figure 3-8 show local
sensing and programming.

3.48 Auto-Series Operatibn {Figure 3-9) h

349 Two {maximum) SCR-10 power supplies can be oper- o
ated in Auto-Series to obtain a higher valtage than that
available from # single supply. When this connection is used,
the output voltage of the slave supply varies in accordance
with that of the master supply. At maximum output volt-
age, the voltage of the slave Is determined by the setting of
the frant panel VOLTAGE controls on the master. The
master supply must be the most positive supply of the’
series, The output CURRENT controls of the slave unit are
operative and the current limit is equal to the lowest con-
trol setting. If any of the output CURRENT controls are
set too low, automatic crossover to constant current opera-
tion witl occur and the output voltage will drop. Remote
sensing and programming can be used, though the strapping
arrangements shown in Figure 3-8 show focal sensing and

CAUTION

Model 6483C, of the SCR-10 Series, cannot be
operated in Auto-Series because this supply can '
not be flpated at mare than 100Vdc off ground. '
However, “Auto-Tracking™ can be utilized to
obtain coordinated positive and negative volt-
ages if the center tap of the combination is
grounded (refer to Paragraph 3-52). ‘ ‘

3-50 In order to maintain the temperature coefficient and
stability specifications of the power supply, the external re-
sisters {Ry) shown in Figure 3-9 shouid be stable, low
noise, low temperature coefticient {less than 30ppm per de-
gree Centigrade) resistors. The value of each resistor is de-
pendent on the maximum voltage rating of the “‘master”
supply. The value of Ry is this voitage divided by the Con-
stant Voltage programming current of the slave supply
(1/Kp where Kp is the resistance orogramming coefficient),
The voltage contribution of the slave is determined by its
voltage control setting. :

3-81 Protection diodes (CRg), ‘connectad across the output
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of each supply, prevent interndl damages that could occur
from reverse voltages if one supply I$ turned on before the
other. On six modals in the SCR-10 Saries, current limiting
resistors are required. Values and part numbers for the re-
sistors and diodas are given in the chart below.

Mode! . CRS Commercial/HP Part No. RS Value

5484C A295F/1801-0336 Not required
6486C AQGF/1901-0335 Not required
6463C ABCA/19G1-0338 0.022
8472C 1N3288/1801-0307 0.0302 ’
8475C 1N1187A/1901.0320 0.088
5477C 53270/1501-0326 0.2082
B479C §3270/1801-0326 0.250
8483C $3270/1901-032¢8 0.7582

352 When the center tap of an Auto-Series combir_@a‘t‘son’ is
grounded, coordinated positive and negative voltages result,

This technique s commonly referred to a5 "rubber-banding”

and an éxternal reference source may be'employed if de-
sired. Any change of theinternal or external reference -
source {2 g drift ripole) will sause an equal percentage
change in the outputs of both'the master and slave supplies.
- This feature can be of considerable use in analeg computer
and other applicaticns, where the joad requires a positive
and a negative powar supply and is less susceptible to an

output voltage change occurring simuttanecusly in both sup-

plies than to a change in eithér supply alone.

3.7

3-53 Battery Charging

3-54 The automatic erossover between constant voltage
and constant current displayed by the SCR-10 Series makes
it an.ideal supply for battery charging applications. Using
this feature, a battery may be charged at a constant current
until the maximum charge voltage is reached at which point
the supply will revert to constant vo%tagé and continue to
supply a trickle charge current sufficient to maintain full
charge (see Figure 3-10). Thus, the charging operation can
be unattended after properly setting the eharging réte and
the maximum charge voltage and connecting the battery to
the output terminals of the supply.

- 355 The procedure for setting the charging rate and full

charge voitage on SCR-10 Series power supplies is as fol-
laws: . : .
2. Turn both the VOLTAGE and CURRENT controls
fully counterciockwise (CCW). - ) :

b, Place a short circuit across the output terminals
and rotate the VOLTAGE control fully clockwise (CW).

. ¢. Rotate the CURRENT control to the desired
charging rate as read on the front panel ammeter.

d. Rotate VOLTAGE control fully CCW and ré,move
the short cireuit, : .

a, Botate the VOLTAGE control to the desired full
charge voltage as read on either the front panel veitmeter
(2% accuracy) or a mora precise voltage standard. The unit
may then be connected to the battery terminals, positive to
positive and negative to negative.

3-56 Protection diode CRp pravents a charged battery from
discharging into the supply if the supply is turned off,
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NOTE

A large battery, connected as a load, presents a
large capacitance across the output terminals,
This capacitance could cause the supply to oscil-
fate; particufarly if remate sensing is employed,
~ To stabilize the supply, potentiometer AfR48
may be readfusted (incresse resistance) as out-
lined in Paragraph 5-88. If the maximum resist-
ance of R48 is not sufficient, jurmper {R58) can
be remov_ed and an additional resistance sub-
stituted in series with the potentiometer.

3.57 Taper Charge. For charging lead-acid cells, the charg-
ing current should be reduced when the battery is nearing
compiation of its charge, This is accomplished by inserting
2 small resistance (R} in serles with one of the load leads
from the supply to the battery which alters the normatly
ractangular charging plot in such a manner as to provide a
taper charge for the last portion of the charge cycle. The
vaiue of this resistance is the difference between the full
charge voltage and the voltage at which the tapering is to
start, divided by the maximum charging current.

158 Battery Discharging

359 Automatic constant current, unattended discharging

'f a battery using the SCR:10 Seriesrequires certain:

..changes in the strapping configuration on the rear barrier

strip as iliustrated in Figure 3-11. Also, a jumper strap on
P.C. Board A1 must be removed {see Figure 7-1 for loca-
tion). Removal of this jumper ensures that the internal pro-
gramming current does not flow into terminal A2. Befare
operation, the user should make surs that the interconnect-
ing leads between supply and battery are secure and cannot
become opened.

3-80 The supply initially operates in constant current mode
at the value set by the current control. When the battery
voltage is high the supply output voltage will be low, and as
the battery discharges the supply output voltage increases,

- A constant voltage is maintained across Ry {constant cur-

rent through R}. This condition will prevail until the bat-
tery voltage drops ta zero. At this point, the supply will

switch off and no more current will flow through Ryx. Dicde
CRp protects the supply against reverse voitages. As shown on

Figure 3-11,-Rx must be selected so that its IR drop is less
than the maximum rated output of the supply yetl greater
than the battery voitage.
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3681 The procedure for the connection of the components
in this configuration is as follows:

a. Turn off the power supply and rotate the cur-
rent control full counterclockwise. (The voltage contrat
wili be disconnected by step b.}

b. Remaove the designated jumpers {AZ to A3 and

P.C. Board) and connect A2 to the negative termmal of
the-battery-through-10k-resistor.- - S

e. Connact the negative termma! of th° supply to thﬁ
positive terminal of the battery.

d. Insert R between the positive terminal of the sup-

ply and the negative terminal of the battery, energize the
supply and rotate the current contro! to the desired dis-
charge current as read on the front panel meter,

362 SPECIAL OPERATING CONSIDERATIONS
3-53 Pulse Loading _

3-64 The power supply will automatically cross over from
constant valtage to constant current operation, or the re-
verse, in response to an increase {over the preset limit) in
the output current or voltage, respectively, Although the
preset fimit may be set higher than the average output cur-
rent or voltage, high peak currents or voltages [as oceur in
pulse loading) may éxceed the preset limit and cause cross-
over to occur, If this crossover limiting is not desired, set
the preset limit for the peak requirement and not the
average,
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OVERALL BLOCK DIAGRAM

4-1
DiSCUSSION
4.2 The major ¢ircuits of the powér supply are shown on

the overall block diagram’'of Figure 4-1. The three phase a¢
input passes through normally closed contacts of contactor
K2 to the SCR reguiator circuit, Under normal aperating
“conditions, K2 is maintained energized by the overload ¢ir-
cuit, as will be explained later, The regulator containg three
SCR's, one per phase, which operate in conjunction with
the flring cireuits, error ampiifier, and Constant Veltage /

Constant Current comparators as a faedba;k loep, The feed.
back toop determines the firing time of the SCR's so that 2
regulated ac input voitage is applied 10 the primary of the
power transformer, The adjusted sc is then stepped-down by
the power transformer and receives qut-wave ractification
and filtering before appearing at the output bus bars asa -
constant de output voltage or currant,

4.3 'Feedbac'k Loap

4.4  During normal operation, the feedback signals



controlling the SCR firings originate within the constant
voltage or constant current comparalor. {The SCR's are also
controlied by the current balance eireuit and, in certain in-
. stances, by various protection circuits, as will be explained
“subsequemity,) During constant voltage aperation, the con- -
stant voltage comparator continuously compares the output
voitage of the supply with the drop across the VOLTAGE
controls. If these voltages are not equal, the comparator pro-
duces an amplified error signal which is further gmplified by
the error amplifier and fed back to the firing circuits, On the
basis of the amplitude and polarity of the feedback signal,
the firing circuits then issue a phase adjusted firing pulse to
each SCR so that the original difference is counteracted. In
this manner, the constant voltage comparator helps to main-
tain a constant output voltage and also generates the error
signals necessary 1o set the output veltage at the level estab.
lished by the VOLTAGE controls.

4-5  During constant current operaticn, the constant cur-
rent comparator detects any difference betwesn the voltage
drop developed by the ioad current flowing through the cur-
rznt sampling resistor and the voltage across the CURRENT"
controls. If the two inputs to the comparator.are momentar-
ity unequal, an error signal is generated which {after ampli-
fication) alters the firing angle of the SCR’s by the amount
necessary 1o reduce the error voliage 2t the comparator in-
pui: to zero, Hence, the iR drop across the current sampiing
resistor, and therefore the output current, is maintained at
aconstantvalue,
46 Since the constant voltage comparator tends to achieve
zero outpul impedance and aliers the output current when-
ever tne load resistance changes, while the constant current
'comparator causes the putput impadance to be infinite and
changes the output voitage in response to any ioad resistance
‘thange, it is obvious that the two comparison amplifiers can
not operate simujtaneously. For any given value of load re-
sistance, the power supply must act either as a constant volt-
age source or as a constant current sourge — it cannot be .
both. '

4.7 Figureld-:& shows the output characteristic of a con-
stant voitage/constant current power supply, With no load
attached (R = 2=, igyT = 0, and EQuT = &g, the front
‘panel voltage control setting. When a foad resistance is ap-
plied 1o the output terminals of the power supply, the out-
put current increases, while the output vo!tége remains con-
stant; point O thus represents a typical constant voitage op-
erating point, Further decraases in load resistance are ac-
companied by further increases in tauT with no change in
the output voltage until the cutput current reaches Ig, a
yalue equal to the front panel current controt setting, At
this point the supply automatically changes its mode of op-
eration and bécomes a constant current source; still further
decreases in the value of load resistance are accompanied by
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Figure 4-2. Operating Locus of a CV/CC Power Supply

a drop in the supply cutput voltage with no accompanying
change in the output current value. With a short circuit
across the output joad terminals, louT = Esand EquT=0.

4-8  The "crossover” value of foad resistance can be defined
as RC = Eg/15. Adjustment of the front panel voltage and
current controls permits this “crossover” resistance R( to be
set 1o any desired value from O to oo [f Ri_ is greater than
Re. the supply is in constant voltage operation, while if R

is less than R, the supply is in constant current operation.

49 Curreh{ Balance Circuit

4.10 The current balance circuit maintains the rms ampli-
tude of the input current flowing In the phase B and phase
€ lines equal to input current flowing in the phase A {refer-
enca} line, To accomplish this, the circuit compares the cur-
rent in the phase B and C lines with that of the reference
phase {A), If a difference exists, the current balance circuit

" issues an arror signal to the firing circuits. The firing of the

phase B or phase C SCR is then advanced or delayed in ac-
cordance with the polarity of the original difference signat.
Hence, the current balance circuit allows the unit to oper-

ate with a ling-to-line input voltage unbalance of up to 8%.

4-11 Turn-On Control Circuit

4.12 The turn-on control circuit is 2 long time constant

retwork which achieves 2 slow turn-on characteristic. This
feature protects load devices by minimizing turn-on over-
shoot. At turn-on, the control circuit provides an inhibit

[
j
H
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voltage to the firing circuits {via the ercor amplifiar} keeping
the SCR's off for spproximately 20 seconds. After 20 sec-
onds, the inhibit voltage is removed and the circuit no leng:
er exarcises any control over the aperation of the supply.

4.13 Overvoltage Protection Feature

4-14 The overvoltage protection circuit prevents the output
voltags of the supply from excesding 110% of rating. It
maonitors the output voltage of the supply and, if it exceeds
the 110% threshold, sends a “hold” signal to the firing cir- *
cuits, This circuit is seldom activated hecause the constant
voktage comparator prevents the output voltage from ex-
ceeding the limit established by the front panel VOLTAGE
caontrols, However, if the constant voltage comparator
should fail, the overvoliage protection circuit grovides the
nacessary backup protection. .

415 Overcurrent Protection Circuit

4-16 The overcurrent protection circuit provides backup
protection for the constant current comparator being simi-
tar to the gverveitage protection circuit in this respect. The
avercurrent circuit monitors the output current {IR drop
across sampling resistor} gnd generates  ‘hold" signal to
the SCR firing circuits if the output current attempts to ex-
ceed approximately 115% of rating. ‘

417 Early Qvercurrent Protection Cireuit

4.18 " Further avercurrent protection is afforded by the ‘ 
early overcurrent pretection circuit. This circuit minimizes
outplit current overshoot durmg initial short circuit condi-
tions. If the outgut of the supply is shorted, both the line
current and the output currentatternpt to rise. The garly
gvercurrent protaction ciruit menitors the line current _
{phases B and C) and generates a turn off signal to the SCR
firing circuits if the ling current exceeds about 40% of the-
rominal peak value, THe three SCR's are then turned-off
mementarily until the line current falls below the 40%
threshold and the early overcurrent protection circuit is de:
activated. At this time, the Bonstant current comparator and
remaining components of the feedback loop again assume
control of the SCR's keaping the output current constaﬂt
despate short ¢ireuit ccndmons

4- ]9 ‘A/theugh the constant carrent comparator attempts
1o keep the output current from rising when the output is
first shorted it requires approximately 5 r*yc!es of the input
ac before a.correction can be made. This delay is aresult of

tha overall loop response time and is mostly caused by equal-

izing networks within the error amplifier. The early overcur-
rent gircuit overcomes this defay by bypassing the errer am-
plitier and injecting its tuen-off signal directly into the firing
circuits, With this arrangement, correction can begin after
only one cycie of the input ac,

4.3

4-20 Phase Protection Circuit

421 Ancther protection circuit used in this supply is the
phasga protection circuit, This circuit insures that no damage
will ocour internally should one or more of the input phases
fail or if the ac voltage on all three input lines falis below
25% of the input rating. [f such a failure does occur, the
phase protection circuit clamps the faedback control signal
off at the input to the error ampiifier‘ When the input lines
return to normal, the operation reverses itself,

4-22 Overload Circuit

4-23 This circuit detects the prasence of an extended over-
current or an overtemperature condition and deenergizes
contactor X2 if either of these conditions oceur. With K2
desnergized, the 3-phase ac input path is interrupted shut-
1ing down the supply. Contactor K2 is also deenergized if
the overload circuit receives a “trip” input from the over-
voltage crowbar {opticnal circuith

4.24 The overload circuit continuously moniters the tine
current an phases 8 and C and deenergizes K2 if the line
current exceeds approximately 40% of the nominal rmsline
rating of the unit for a period of about one second. The
overload circuit also illuminates the OVERCURRENT PRO-
TECT lamp on the front pane! under these conditions. Dur-
ing normal operation of the supply, the early overcurrent
pratection cirguit and/or the constant current feedback loop
will compensate for overcurrent p.ob%erm before the over-
load circuit ever bacomes activated, However, should a fail-

“ure occur within these overcurrent protection circuits, the

overlpad cifcuit would tHen becdme activated deenergzzmg
K2 and shutting off the supply.

4.25 A thermat switch, mounted on the SCR heat sink, pro-
vides overtemperature protection by opening if the heat

sink temperature rises to 2000 £ BOF (208Vac or 230Vac
input) or 1700 * 50F {380Vag, 400Vac, or 460Vac input).
Opening the thermal switch deenergizes contacter K2 and
removes the short across the TEMPE RA?URE Eamp‘ allow-
ing it to light.

4.26 Reference ;Supzpiy

437 The reference supply provides reguiated bias veltages
which are used bywthe internal cireuitry throughout the
main power supply. All of the vo;tages shown are regulated
except for the 24V,

4:2_8 Overvoltage Crowbar {Optiortal Circuit — not
available for Model §464C)

438 A bulft-in overvoltage “‘crowbar’ protection circuit
{Option 00B} can be ordered with any power supply in the



SCHR-10 Series with the excepticn of Model 8484C. This cir-
cuit monitors the cutput voltage of the supply and fires an
SCR if the output voitage exceeds a peeset and adjustable

“threshold. The conducting SCR effectively short circuits the
supply reducing the output to near zero volts, Complete de-
tails concerning the Option 008 crowbar circuit are given in
Appendix A, '
4-30 DETAILED CIRCUIT ANALYSIS (See

Schematic, Figure 7-7)

4-31 SCR R'egutartor and Firing Circuits

4-32 The SCR requlator, operating in conjunction with the
firing cireuits, controls the amount of ac power applisd to
the primary of the power transformer. Each of the three in-
put phases (arbitrarily designated A, B, and C} has an SCR
and firing circuit associzted with it.

4-33 'Each SCR conducts upon the simultaneous application
of a negative voltage to its cathode (input ac) and a positive
voltage to its gate lead, The gate signal {firing puise} used to
turn on the SCR is 3 positive going pulse of about 3.5 volts
having a duration of approximately 50usec. Once the SCR is
fired, it remains in conduction {even though the gate input ks
removed) until the input ac swings positive. | '

4-34 Inductors L1, L2, and L3 limit surge currents due to
-the-conduction-of-their respective- 8ER's. A-eapacitive-net-
_work, connected across each SCR, filters voltage transfents
caused by contactor K2 when it is energized or deenergized.
Alsoconnected across each SCR.is a diode (CR1-CR3)
which protects the SCR against reversa voitages and also
serves As the return path for the current from one of the
other phases, '

4-35 Firing Circuits, The three phase firing circuits receive
the output from the error amplifier and generate firing
pulses that turn on the SCR's in their respective phases at
the precise time necessary to fulfill the feedback ioop re-
quirerments, As indicated on the schematic, everything is
done in triplicate. For each phase there is a biocking oscilla-
tor which is synchronized so that each SCR conducts at .
identically the same phase angle in its respective phase.

4-36° The input to the firing circuits is the feedback voitage
from error amplifier A1U3. This voitage varies between -1V
de to +3Vde (with respect to common 8t terminal A7)
as a function of the cutput conditions, The feedback voltage
is applied to an integrating network (R7, C3-R17, C13 and
R27, C23} in the emitter circuit of each blocking oscillator,
The emitter capacitors produce z steadily rising ramp volt
age whose origin is approximately -12.4V (see Figure 4-3},
The waveform on the base of each blocking osciliator is
mainly the resuit of internal generators AZR28, A2C4 -

4.4

BASE BLK. Q3¢

] F
g @
z <

Te 22 H
e
p——I[nSEC~#  — SEmSEC
14 i I |-
EMITTER BLK b
asc. A ‘
TP 2% {
=12.4Y .y .

T L R o I

a8
—— Q—. m,.,...._....,,....___. et ————
ET '
[==~—

i
|
i
|
1
SCR FIRING PULSE i —d 0p
b
f
} Lot RES
- Lo
RESET |
i
!

TR 32

+12.8v :
- [ . "
1 L

~124V ‘

Figure 4-3. SCR Firing Circuit, Timing Disgram

ATR10C, A2C14 and ATR120, A2C24 which produce an”

1 1msec wide, rectangular shaped waveform. The 5.6msec -
wide negative portion is fiattened by the action of clamping
diodes CR6, CR16 and CR26. The pdsitive going emitter

~vohtage-rises to-meet-the-base voltage and-when the-base: ~

emitter bias reaches about 0.6Vdc the applicable transister
{Q1, 2, or Q3] becomes forward biased initiating blocking

oscillator action, Regenerative coupling between the coliector '

and base windings of each transformer {T7, T8, and T9} rap-
idly drives the transistor into full conduction whers it re-
mains {for about BOuses) until the transformer becomes
saturated. At this time, the collapsing magnetic fleid returns

the blocking oscillator to the nonconducting state.

4-37 The firing pulses are taken from the cutput winding of
each transformer and applied betwaen the gate and cathode
of the appropriate SCR. Diodes CR2, CR12 and CR22 con-
nected across the cutput windings, are used to damp out
negative overshoot, Resistors RT, R11and A21 provide &
bleed path for current flowing cut of the SCR gate terminal,
white diodes CR1, CR11 and CR21 block the voltage estab-
lished by the gate current from reaching the output-windings,

4-38 Capacitors C1,C11, and C21 between base and emitter
of each blocking osciliator transistor prevent spurious trigger-
ing. The base current which flows when the transistors con-
duct is limited by resistors R3, R13, or R23 connected to
each base winding.

4-3% Reset Operation. At the end of each input line cycle
the applicable emitter ramp capacitor {C3, C13, or C23} and




base capacitor (C4, C14, or C24) are reset to their starting

voltages (-12.4V and -11V, respectively). The resetting oper-

ation is performed by the positive going rectified waveform
received by the firing circuits at TP32 {Figure 4-3), Input
diodes CRS, CR15, and CR25 clamp the base of the wave-
form at the -12.4V reference level, The reset signals are
coupled to the ramp and base capacitors through diodes
CR3, CR4 {phasz A} CR13,CR14 {phase B) and CR23,
CR24 [phese C). Reset starts during the negative transition
of the reset waveform and the base and emitter capacitars
require about 2msec to reach thelr starting voltages. The
capacitors remain at this poing for about 5.8msec whereupon
a-new ac input cycle begins and the entire operatlon is e
peated. K

' 4-40 Firing Angle Qeterminafion. The ’firing ’a'ngfe'of the
SCR's determines the amount of ac power applied to thein-
put transformer and, thus,the amplitude of the de output.

-An SCR that is fired at an early peint in the input cycle pro-

vides a higher outpuhhan one that i3 fired later in the input
cyci .

4-41 Two types of inputs to the firing circuits control the
time at which the firing puises are generated. The input
having the greatest degree of contref is the main feedback
loop input from the error amplifier. As previously mention-
ad, this input varies between -1V and +3V according to the
autput conditions. A more positive feedback voltage in-
creases the steepness of the positive goir%g ramp on the emit.

ters of €ach blocking oscillator and the SCR's dre ficed early

in the inpot cvele. The reversa is true for @ more negative’
feadback voltage, In this manner, the feedback voltage cor-
rects for cutput changes due 10 variations in t%‘e iaad resist-
ance orline voftage '

4-42 The second input to the firing circuits consists of the

phase 8 and phase € conuol signails from the current balance’

gircuit. These signals corrzct for smatl line-to-line variations
in the three phase input currents, To accomplish this, the
controf'signals are fed directly 1o base capaciters C14 and
€24 in‘the phase B and C blocking esciilators. if the line cur-
rants are all equal to each other the two control signals are
a1 Qv potential and do not affect the firing circuit, If the
Hne currents become unequal, the phase B or phasa Ccon-
tral signal swings momentarily positive ar negative, depend-
ing on-the palarity of the original difference. A contro} sig-
nal that momentarily swings negative at the base of the
‘blocking osciifator, allows the emitter ramp voltage to catch
the base voltage earlier in the cycle thus increasing the SCR
firing angle. A positive gaing current batance contro! s:gnal
. has the OP[JOSIIE effect T

4.43 SCR Firing Circuit ar}d Regulator Behavior at Low -
Qutputs. Each firing circuit and its associated SCR has 2

rninimum operating threshaid below which turn-on of either;

45

or both, will not occur, This threshold point varies and s
determined by the inherent characteristics ¢f both the firing
circuit and the SCR of interast,

4-44 When the supply is detivering medium and high output
power, each SCR conducts once during every ac input cycle
of its associated phase. However, at fow power outputs,

only tweo or even one SCR will conduct'during the associated
input cycle. Mareover, at very low outputs, the active SCR
may skip one, or more, cycles between conduction periods,
Because of these factors, the regulation, stability, overshoot,

‘and linear programming characteristics of the supply are

somewhat degraded at iow outputs. The minimum outputs
in both Constant Voltage and Constant Current operation at
which the supply will perform w:thm specifications are given
in the output ratings of Table 1-1 in this manual.

445 Constant 'Veltage' Comparator

448 This circuit consists of the front panel programening
resistors (R1 and R2Y, a differential amplifier stage, (AT
and associated components), and a constant current source,
A1Q1, An integrated circuit is used for the differential am-
plifier to minimize differential vcitages due 16 mxsmatched
transistors and thermal differentials,

4.47 The constant voltage comparator continuously com-
pares the voltage drop across the VOLTAGE contrels with
the output voitage and, if a difference exists, produces an
grFar voltage whose amplitude iy proportional-te this differ-
ence. The arror signal ultimately alters the conduction angie

. of the SCR regulators which, in turn, alter the output cur-

rent 5o that the output voltage becomes equal to the voltage
drop across the VOLTAGE controls. Hence, through feed-
wack action, the differsnce betwean the two inputs to Ul is
held at zero volts

448 One input of the differential amplifier (pin 1} Is con-
nected to the outputvoltage sensing terminal of the supply
{-S) through impedance equalizing resistor ATR 1. The other
input of the differential amplifier {pin 10} is connected to 3
summing point {terminal AZ2) at the junction of the pro--
gramming resistors and resistor RS, Instantaneous changes
in the output voltage of changes in the voltage at the sum-
ming point due to manipulation of the VOLTAGE controls
produce a difference voltage between the two inputs of the
differential amplif%ef This difference voltage is amplified
and appears at the cutput of the dnfferentaal amphfzer {pin
11} as an error voltage. :

449 Resistor R2, in series with the summing-point.input
to the differential amplifier, Henits the current through the
progeamming resistors during rapid voltage turndown.
Diodes CR1 and CRZ prevent excessive voltage excursions -
from over-driving the differentiat amplifier.



4-50 During constant valtage operation, the programming
current fiowing through the programming resistors (VOLT-
AGE controls) is held constant by the action of constant
current source, O, A constant current flowing through the
programming resistors assures lingar constant voltage pro-
gramming.

4-51 Comparator Protection Circuit {used only on
Models 6472C, 6475C, 6477C, 6479C, and 6483C)

4-52 Asindicated in the abovs paragraph heading, this eir-
cuit is only used in the higher voltage Models of the SCR-10
Series of power supplias, The circuit consists of a smalt three
phase power supply which is used to forward bias diode
AI1CR3. The power supply consists of wye connected trans-
formers A3T1, A3T2, and A3T3, and a haif-wave rectifier
{A1CRS5, CRE, CR7) and filter {A1C4), During normal oper-
ation, this supply forward biases protection diode CR3,
which is connected in series with the summing input to
ATU1T (pin 10} Under these conditions, the diode acts as a
near short ¢ircuit and has no effect oni'the operation of the
constant voltage comparator, However, under no-ivad con-
ditions {or with a highly capacitive load}, if the supply is
rapidly down programmed, diode CR3 becomes reverss
biased due to a positive going transient at its cathode. With
diode CR3 reverse biased, the input pa%h 1o comparator
ATUT is opened preventing damage to the device.

....453 Constant Current Comparator = . _

4-54 This circuit is similar in appearance and operation 10
the constant voltage comparator circuit. It consists of the

cosrse and fine current controls {R3 and R4) and a differ-
ential amplifier stage (U2 and associated components}. As
in the constant voltage comparator, an integrated circuit is
used for the differential amplifier 1o minimize differential
voltages due to mismatched transistors and thermal differ-
entials, ’ '

4.55 The canstant current comparator circuit continuousty
compares the voltage drop across the CURRENT controls
with the voltage drop across the current sampling resistors
A4R123A-A4R1238. If a difference exists, the differential
amplifier produces an error signal which is propertional to
this difference. The remaining comporents in the feedback
loop (amplifiers, firing circuit and SCR's} function to main-
tain the drop across the eurrant sampling resistors, and
hence the output current, at a constant value.

458 One input of the differential amplifier {pin 1} is con-
nected to the suoply’s common point which is tied to
the outhound side of the sampling resistors. The other input
of the differeptiai amplifizr (pin 10) is corinected to a sum-
ming peint (terminal AB} at the junction of the program-
ming resistors and the current puilout resistors R25 and R26,

4-6

Changes in the output current due to lozd changes or
changes in the voltage at the summing point due to manipy-
lation of the CURRENT controls produce a difference volt-
age between the two inputs of the differantial amplifier,
This difference voltage is amplified and appears at the out-
put of the differential amplifier (pin 12) as an error voltage
which ultimately varies the conduction of the SCR’s,

4-57 Errar Amplifier

458 Ogperational amplifier stage U3 provides most of the
feedback foop gain. During normal eperation, U3 receives
the feedback voltage at its non-inverting input from either
the canstant voltage or constant current comparator via OR.
gate diode CR23 or CR24. Dicde CR23 is forward biased
and CR24 reverse biased during constant voltage operation,
The reverse is true during constant current operation.

4-59 Under gvercurrent conditions, U3 can also be driven
by the overcurrent protection ¢ircuit via OR-gate dicde
CR25. As previously mentioned, pretection cireuit inputs
are applied directly to pin 3 of U3, . -

4-80 Feedback networks C15, R50 and C?G, R46 shape _
the high frequency rolloff in the loop gain response to sta-
bilize the feedback lcop.

4-81 Overcurrent Protection Gircuit

4.82 Stage U2 monitors the output current (iR drop scross

the sampling resistors) and conducts if the output current
exceeds about 115% of the output current rating. Resistor
A1R38 is factory selected to set the 115% threshold peint.

4.63 Tum-0n Control

4-64 This circult minimizes turn-on overshoot by keeping
the SCR's off for approximately 20 saconds after the unit
is turned on. At turn-on, Q4 conducts, providing a less posi-
tive voltage to the error amplifier. This voltage keeps the
SCR's off until C23 charges up turning off Q4, Dicde CR27
provides d quick discharge path for C23 when the supply is
turned off. : o

4-65 Qvervoltage Protection Circuit

4-66 This circuit prevents the output Voitage from exceed.
ing approximately 110% of the maximum voltage rating.
Under non-overvoltage conditions, transistor Q10 is eutoff
due to the -12.4Y bias connected to its basa. If the voltage
at the + cutput bus becomes positive enough {excesds the
110% threshold) Q10 conducts clamping the error amplifier
input. Resistar RB2, mounted on standoffs, is factory se-
lected to obtain the desired trip point. :

0



4-67 Phase Protection Circuit

4-68 This circuit protects the SCR’s and power transformer
in case one of the input phases should fait. The three phase
input ac is rectified by CR38, CR3% and CR40, filtered by
£30, and the resuitant voltage on the base of Q% is normal-
ly negative enough to hold the transistor off. Howeve it
one of the input phases faits, {or if alt three phases drop be-
low 25% of the nominal voltage} the voitage across C30 be-
" comes positive enough to break down zener diode VR10
and drive 09 inta canduction. The conduction of 09

clamps the input to the ercor amgplifier to a less positive '

* voltage, thus turning off the SCR's.

4- 69 Resnsmr R?? in the base circuit of Qg,is factcry se
lected to obtain the desired trip peint.

470 Early Overcurrent '?rotec':tion-

4-71 This circuit provides rapid protection for the load
during initial short circuit conditions, When activated, this
circuit injects a negative cutoff voltage directly into the fir-
ing circuits by passmg the toop delay caused by the error
amplifier.

4.72 A voltage thatis proportional to the line currentis
zoplied to stage A1Q3 from a rectifier and filter {shared by
the overioad circuit). Without an overload, transistor O3 is
conducting but not sufficiently to breakdown VR4 in its
collector circuit. Thus, A 102 is.cutoff and the circuit is de-
activated, The circuit becomaes activated if the input line
currant rises 1o about 40% of its normal peak value, In this
252, the increased conduction of O3 breaks down zener
dinde VR4, farward biasing CR19 and CR22 and permitting
Q2 to conduct. The negative output voltage is applied to
the firing circuits halting SCR conduction until the output
current falls to an acceptabie level,

4.73 Current Balance Circuit

4-74 This eircuit controls the firing of the phase B and
phase C 8CR’s 50 that the input currents on these lines are
egual in amplitude to the i‘aput current on the phase A
{reference} line.

475 Tne current balancing circuit for each of the corracted
phases (B and C) receives its input directly from the associ-
ated input wirg, whi ch is run physically through the air-core
of input transformer A3T10 and A3T11, respectwely Each
input wirs serves as the primary of its input transformer,
inducing the a¢ current flowing along that wire into the sec-
andary winding. The ac current waveform on each inpt
wire is of a rectangular shape and consists of positive and
negative excursions, The negative current flows through the
S0 associated with the input line while the positive current
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flows through a companion diode (CR1, CR2, ar CR2) and
is, in fact, the return current from another phase. The return
current for the reference phase {A) flows through diode
CR2 or CR3 and, therefore, appears on the phase Bor C

line as a positive going pulse. The return current for phase

B appears on the input lines of phase A or C, and the return
current for phase C appears on the input line of phase A or
phase B.

'4.76 Itis the function of each current balancing gircuit to

maintain the amplitudes of these positive and negative in-
put currents egual, The positive pulses are rectified by
CRAB/CRAS, filtered by C34/C44, and the resultant posi-
tive dc current is applied to the pin 2 of U4/US via sum-
mi.h'g resistor R35/B 115, The negative excursions are recti-
fied by CR4&/CR47, filtered by C25/C45, and the negative
dc current is summed with the positive current by summing
network R34, R95/R114, R115. If the amplitude of the
positive and negative currents arg unequal, an error signal

- is developed at the cutput of U4/US and fed to the firing

cirauits. This error signal affacts the blas on the base of
(2/Q3 and ultimately advances or delays the firing of the
SCR’s accarding to .the‘polarity of the eriginal error signal.
Once the amplitudes of each of the positive and pegative
input currents become equal, no error signal (zero volts) is
generated by U4/US,

4.77 Potentiometers R1071 and R121 provide a means of
offsetting minor differences in the phase B and phasa C
current balance loop,

4.78 QOverload Circuit -

4.79 The overicad circuit detects the presence of an ovar-
temperature or extended overcurrent condition and desner-
gizes power contactor K2 if either of these conditions oc-
cur. Thae circuit also provides a visual indication of both con-
ditions.

4-80 Overcurrent Circuit. Dicdes CR50 through CRE3
and capacitor €52 rectify and filter the phaseJB and C line
voltage 10 provide a de voltage which Is equivalent to the
line currant. During normal conditions, {rio overload) tha

‘rectified voltage is not sufficiently positive {o turn-on uni-

junction transistor Q11. With 011 off, relay K1 is energized
once power is applied to bridge rectifier CR54-CRB7

" through the LINE switch, Closed contacts (8 and 12} of K1

then allow K2 to energwe, permitting application of the
main three phase power to the unit.

4-81- 1§ the rms amplitude of the line current rises above
40% of the input line rating, Q11 turns on providing a posi-
tive pulse to transformer T6. This pulse fires an SCR (CR58)
connectad across refay K1, With K1 deenergized, the
ac path to contactor K2 is broken deenergizing this relay



and remaving the ac power, Notice that 2 phase power is
stitl applied to the overicad circuit keeping CRS58 in conduse-
tion and jlluminating the OVERCURRENT PROTECT lamp
. through closed contacts of K1, it requires approximately
one second for the relays to deenergize and shut off power.,

4.82 Qverlopad relay K1 is also deenergized if the crowbar
cireuit {optional circuit} is activated. The pulse is applied to
an additional winding of T6 1o SCR CR58, The QVERCUR-
RENT PROTECT tamp will also be illuminated in this case
togather with the CROWBAR lamp.

4-83 Afer an overload oceurs and the condition has been
corrected, the operator must set the LINE switeh to OFF,
wait at least 3 seconds, and then set the LINE switch to ON.

4-84 Overtemperature Circuit, The overtemperature com-
ponents are TC1 and parailel connacted TEMPERATURE -
- lamp D83, Thermal switch TC1 is closed without an over-
temperature condition. The near short cireuit, created by
TC1 across TEMPERATURE famp DS3 keeps the lamp off
during this condition, If the heat sink temperature rises
above the limits specified in Paragraph 4-25, TCT opens
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deenergizing contactor K2 and allowing the TEMPERA-
TURE lamp to light. When the unit cools sufficiently, TC1
again closes.

4-85 Reference Supply

4-86 The reference supply is 2 self-contained feadback sup-
ply employing a series reguiatar. The supply provides stable
reference voltages which are used throughout the unit,

4-87 The referance voltages are alf derived from.a full wave
rectifier {CR28 through CR33) and filter {C25) which pro-
vide an unregulated -24Vde. The regulating circuit consists
of series regulator 5, driver 08, and differentiat amptlifier
stage Q7 and Q8. The differential amplifier compares the
voltage at the junction of 3 voltage divider (equal resistors
R84 and RBI} connected across the output {24.8V) with
the voltage at the supply’s common point, . Any differ-
ence in voltage is detected and fed to series regulator QB in

tha correct phase and amgpiitude to maintain the output con- '

starit. The +6.3 and -8.2 voltages are developed-across zener
diodes VR1 and VRS, Cutput capaciters C27 and C28 sta-

bilize the regulator feedback loop. :
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SECTION V
MAINTENANCE

5-1 INTRODUCTION

5-2  Upon receipt of the powar supply, the performance
check {Paragraph 5.5) should be made. This check is suit-
able for incoming inspection, If a fault is detected in the
power supply while making the performance check or during
normal operation, proceed to the troubleshooting procadures
{Paragraph 5-35). After troubleshooting and repair {Para-
graph 5-84), perform any necessary adjustments and calibra-
tions (Paragraph 5-68), Before returning the power supply

to normal operation, repeat the performance check to en-
sure that the fault has been properly corracted and that no
ather faults exist. Before performing any maintenancge
checks, turn on the power supply and allow a haif-hour
Warm-up.

53 TEST EQUIPMENT REQUIRED

§4 Table 5-1 lists the test equipment required to perform
the various procedures described in this section,

Table 5-1. Test Equipment Required

REQUIRED

USE ' RECOMMENDED MODEL

TYPE CHARACTERISTICS

Differential ' Sensitivity: tmV full scale {min.) Measure de voltages; HP 3420A/B

Voltmeter - input Impedance: 1OM (min.). calibration procedures, :

Os:‘:illoscope‘ Sensitivity and bandwidth: 100uV/ Measure ripple; display HP 140A with 1423A time
crn and 400k Hz for all measure- transient recovery wave- base and 1400A vertical
mentsexcept noise spike; SmVsems form; measure rigise 1 pluging 14024 plugin-for. 4
sitivity and 20MHz bandwidth for * spikes. | spike messurement.
noise spike measurerment,

Variable 18kVA ooen Delta O~270Va; or Vary ac input for line General Radio Model

Voltage 54.3<VA 0-56QV 5BA, regulation measurement, W30HG-2 or Power Stat

Transformgr Type 12560D-64,

AC Voltmeter © Sensitivity: 1mV full scale deflec. Measure z¢ volrages and HP 4038.
tion (min.) Accuracy: 2%. ripple. : : -

DC Voitmater Sensitivity: tmV full scate deflec- Measure de voltages, HP 412A.

tion (min.)_Accuracy: 1%.

Amprobe Mode! RS-3.

AT Ammaeter 0—300A clip-on probe, Measure ac line current.

Resistive . | Value: see Figure B-1. T0kW rating. Power supply load resis-

Loads : : tors,

Current Accuracy: 1%. Provides 580mV at | Measure output current; Simpson Switchboard
Sampling rated output current. Values: sge calibrate ammaeter. Type Shunts. 6500 or
Resistors Figure 5-7. 6700 Series.

{Shunts}

5-1



55 PERFORMANCE TEST

5-8 The following test can be used as an incoming inspec-
tion check and appropriate portions of the test can be re-
peated either to check the operation of the instrument after
repairs ar for periodic maintenance tests. The tests are per-
formed using the rated 3 phase input power source, If the
corract result is not obtained for a particular check, do not
adjust any internal contrals; proceed to troubleshooting
{Paragraph 5-35).

5-7 Constant Voltage Tests

5-8 !f maximum accuracy is 10 be obtained in the foilow-
ing measurements, the measuring devices must be conaect-
ed to tha sensing terminals {+5, ~S). This is particularly irn-
_portant when measuring the transient response, regulation,
or ripple of the power supply, A measurement made across
the load includes the impedance of the leads to the load
and such lead lengths can easily have an impedance several
arders of magnitude greater than the supply impedance,
thus invatidating the measuremant.

5.8 To avoid mutual coupling effects, sach menitoring
device must ba connected to the sensing terminals by a
separate pair of leads. Twisted pairs or shielded two-wire
cables should be used to avoid pickup on the measuring
lzads. The load resistor should be connected across the out
“put-busbars-asclose-to-the supply-as possible Whenmea:_.
suring the constant voitage performance specifications, the
current contrals should be set well above {at least 10%) the
maximum output current which the supply will draw, since
the onset of canstant current action wilt cause a drep in
output voltage, increased ripb'%e, and other performance
changes not properly ascribed to the constant voitage oper-
ation of the supply.

CAUTION

Never connect a load for a short) to the +and -
output or sensing terminals located on the rear
terminal strips. This causes the heavy load cur-
_rent to flow through_ the P.C. Board tracks and
consequent damage to the P.C. Board. Loads
must always be connected to the busbars.”

WARNING

Exercise caution when checking out any 10kW
unit since high potentials are provided by the
unit, Rubber gloves are recommended o protect
against shock hazard.
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E-10 Voltage Qutput and Voltmeter Accuracy. To check
the putput voitage, proceed 2s follows:

a. Connect load resister (R} indicated in Figure 52
across output busbars.

b. Connect differentiat voltmeter across +$ and -5 ter-
minals of supply, observing correct polarity.

e Turn CURRENT controls fully clockwise.

d. Turn on supply and adjust VOLTAGE conuols
untit front panel meter indicates exactly maximum ratec
output voltage,

e. Differential voitmeter should indicate maximum
rated output voltage * 2%.

5-11 Load Regulation. .
Definition: The change AEQUT in the static
value of de output voltage resulting from a
change in lead resistance from open circuit te 2
value which yields maximum rated output cur-
rant (or vice versal.

B-12 To check the constant voltage foad regulation, pro-
ceed as follows: ' .
. a. Connect test setup shown in Figure 5-1,

. Turn CURRENT controls fully clockwise,

¢. Turn on supply and adjust VOLTAGE contrals un-
tit front panel meter indicates exactly maximum rated out-
put voltage. S

d. Read and racord voltage indicated on differential
voltmeter, ‘ :

e. Disconnect load resistor, .
f. Reading on ditferential voltmeter should not vary

POWER SUPPLY MOREL | R OHMS)
UNDER TEST §464C 0004
) 64660 0.038
+5 4+ = -5} : §463C 0.120
Q . 6473C 1 0,425
. : - { garzg 1,100
1 saTTe 4.500
Al £479¢C 8.600
: §483C | 40.000
DIFFERENTIAL
VOLTMETER
AN E
855

Figure 5-1. Constant Voitage Load Regulation \Test Setup



from reading recorded in Step [d) by more than:

Model  ° Variation (mVdc)
6484C g
B46BC 14

© 8463C 23
B8472C 132
8475C 155
8477C 1200

. B479C 250

- B483C 400

'5 13 Line Regulation.
Definition: The changa AEQUT in the static
value of de output voltage resulting from a
change in ac input voltage over the specified
range from low line to high line, or fram high
line to low line.

5-14 To check the line regulation, proceed as follows:

a. Connect test setup shown in Figure 5-1,

b. Connect variable auto transformer between input
power source and power supply power Input,

¢. Adjust variable auto transformer for low |ine input
{-10% of input rating}.

‘ d. Turn CURRENT controls fully clockwise.

e. Turn on supply and adjust YVOLTAGE controls un-
til front panel meter indicates exactly maximum rated out-
put voltage, : "

f. Read and record voltage indicated on differential
voltmeter, '

g Adjust variable auto transformer for high tine input

{+10% of input rating).
h. Reading on differential voltmeter should not vary
from reading recorded in Step {f} by more than: '
Model Variation {mVde)

8464C ' g

6466C 14
6469C 23
§472C 132
6475C 155
6477C 200
6473C 250
6483C 400

5. ?5 R;ppte and Noise,
Definition; The residual ac voltage superim-
posed on the de output of 2 regulated power
. supply. Ripple and noise may be specifisd and
measurad in terms of its rms or (preferably)
peak-to-peak value..
Ripple and noise measurement can be made at any input ac
line voltage combined with any dg output voltage and load
current within the supply’s rating.

§-16 The amount of ripple and noise that is present in the
power supply butput is measured either in terms of the ems

or {prefersbly) peak-to-peak value. The peak-to-peak mea-
surement is particularly impoertant for applications where
noise spikes could be detrimental to a sensitive load. The
rms measurement is not an ideal representation of the noise,
since fairly high output noise spikes of short duration can be
present in the ripple without appreciably increasing the rms

" value,

5.17 Figure 5-2 shows the recommended method of mea.
suring ripple using a differential scope. 1§ desired, twa single-
conductor shisided cables may be substituted in piace of the
shielded two-wire cable with equal success. Because of itg
common mode rejection, a differential oscilloscape displays
only the difference in signal between its two vertical input
terminals, thus ignaring the affects of any ¢dmmon mode
signal produced by the diffarence in the ac potential be-
tween the power supply case and scope case. Before using a
differentiai input scope in this manner, however, it is imper-

" ative.that the common mode rejection capability of the

scope be verified by shorting together its two input leads at
the power supply and observing the trace on the CRT, if
this trace is a straight line, then the scopz is properly ignor-
ing any commen mode signal present. If this trace is not a

straight line, then the scope is not rejecting the ground sig-

nal and must be realigned in accordance with the manufac-
turer's instructions until proper common mode rejection is.
aftained.

5-18 Although for this measurement the negative busbar is
connected torchassis'ground, the user shoutd besr i riind
that neither busbar should be connected to chassis in an
actual operational setup [refer to Paragraph 3-14}.

5-19 To eheck the ripple ouiput, proceed as follows:

POWER SUPALY DSCILLOSCOPE
+5 : AC
A
W«“ 391«1 ? E [ HGSE
g3 "“ R O+ VERT, E
2C4 ms'ur L 0 ] INPUT :
™ Fﬁ . -T:

CORRECT WETHOD OF MEASURING
RIPPLE USING A OIFFERENTIAL
SCOPE WITH FLOATING INPUT,
COMMON MOOE REJECTION OF
DIFFERENTIAL INPUT SCOPE
[GNORES DIFFERENCE iN GROUND
POTENTIAL OF POWER SUPFLY &

- SCOPE, SHIELDED TWO WIRE
FURTHER REDUCES STRAY PICX-up
ON SCOPE LEADS,

MODEL [R IOHMS)
5484C | 0.008
6466C | 0035
B463C | G120
6472C | 0.425
B475¢ | 1.100
54770 14,400
§479C | 8600
6483C 140.000Q

Figure 5-2. Ripple Test Satup



a. Connect oscilloscope or rms voltmeter as shown in.
Figure 8-2,

b. Turn CURRENT controls fully clockwise.

¢. Adjust VOLTAGE controls until front panel meter
indicates maximum rated output voltage. .

d. The ohserved ripple should be less than tha fol!ow-

ing:
Model Rms/Peak-to-Peak
6464C BOmV/1V
£486C 180mvV/1vV
8468C 180mvV/1v
8472C - 160mV/2V
8475C 220mV/i2vV
8477C 33BmV/2v
g478C 300mV/2V
68483C %OmV/SV

520 Nofse Spike Measurement. When a hegh frequency

. spike measurement is being made, an instrument of suffl-

clerit bandwidth must be used; an oscilloscope with a band-
width of 20MHz or more is adequate. Measuring noise with
an instrument that has insufficient bandwidth may conceal
high frequency spikes detrimental to the load.

521 The test setup iflustrated in Figure §-2 is generally not

acceptable for measuring spikes:
1. As shown In Figure 5-3, two coax cables must be
substituted for the shielded two-wire cable, -

_ 2. tmpedance marching resistocs must be inciuded to

eliminate standing waves and cable ringing, and capacitors
must be inserted to block the de current path.

3. The length of the test leads outside the coax is
critical and must bie kept &s shart as possibie; the blocking
capacitor and the impedance matching resistor should ba
connected directly from the inner conductor of the cable to
the power supply terminals. ‘

4. Naotice that the shields of the power supply end of
the two coax cables are not connected to the power supply

son -
. TEAMI NATION
POWER Suppy | CRECTOR m OSCILLOSCOPE

C.OLF A
T A=Y P I |
a T L INbUT
- ' : - N ﬁ .

@A
e . AG
LT s O
GND - ' E GND
-Do| E r;< ’ ;VE#T.
s v I | meut
- ~—{ G--5 S
/ \i; Nt
T~ CONNECTOR LWT
TEﬁMNATION ‘

ground, sinca such a connection would give rise to a ground
current path through the coax shield, resulting in an errone-
ous measurement. ‘
5. Since the impedance matching resistors constitute
a 2-to-1 attenuator, the noise spikes observed oa the oscillo-

" scope should be less than half the peak-to-pesk values given
in-Paragraph 5-13, Step [d). '

5-22 The circuit of Figure 5-3 can also be used for the nor-
mzl measurement of low frequency ripple; simply remove
the four terminating resistors and the blocking capacitors
and substitute a higher gain vertical plug-in in place of the
wide-band plug-in required for spike measurements. Notice
that with these changes, Fsgura 5- 3b=comes a two-cable
version of Figure 5-2. :

B.22 Transiant Recovery Time,
Befinition: The time required for output voit-
age recovery to within the given lavel of the
~nominal outpus voltaga following a load change
from full load to half load or ha!f load to full
toad,

524 Transient recovery time may be measired at any in-
put fine voltage combined with any output voltage and load
current within rating,

© 525 Ahand-aperated switch is used to switch from full

ioad to.haif load and the resultant onesshot displays are ob-
served on an oscillascops, '

526 To check the transient recovery time, proceed as fol-

lows: ‘
a. Connect test setup shown in Figure 5.4,

POWER SuPALY CS5C1LLOSCOPE
UNDER TEST _ (g uoa
-g/— + +3 . B - NP

Qe O 0
Rz
RiuiaRig
MOSEL | {oriws}
NOTE - ‘ 6354C | 006
VALUES OF Ry | AND R, 5 ARE SAE6C CoT2
* SELECTED TO PROWIDE FULL OR Sitee T B 5As

THALF THE CURRENT RATING OF :

: §472C (850
THE SUPPLY DEPENDING ON THE w-:c 2200
POSITION CF St POWER RATINGS ' E‘?TT(".'. "

ARE S5KW FOR EACH RESISTOR. 8.800
§479C | 17.000
6483C | 82,000

Figure 5-3, Noise Spike Méasq;ement Test Setup

5.4

Figure 5-4. Transient Recovery Time Test Setup



b. Turn CURRENT controls fully clockwise,

¢. Turn on supply and adjust VOLTAGE controls un-
tif front panel ammaeter indicates half the rated ocutput cur-
rent.

d. Close and open switch $1 several times and cbserve
oscilloscope display. : .

e, Starting from the major graticule division represen-
tative of time zero, count 1o the right either bd millisecands
or 100 miltiseconds and vertically “'y"* millivolts. Recovery
should be within the tolerances of “y17 or "y2°" as shown
in Figure 85, ) '

Enou 77
FRVRTS
i A 100 mSEL.
FHVOLTS!

S0mSEC.

Ly HveLTs

-
- yAVOLTS)

Eyged t
| UNLOADING TRANSIENT

LOBDING TRAMSIENT

SOmIEs, [ omE
ML e vDC) [y2 (v Be)
EA 15 T BE
B4680 I5 05
S463C 1.5 0.5
garac | 2.6 | 015
475t | 25 1 1D

TRATTC | 56 | B0 T
garsc | 1.0 | 33
3453 |20 | 5%

Figure 5-5. Transient Recovery Time Waveforms

CURRENT SAMPLING
TERMINALS

TO UNGROUNDED
TERMINALQF
PCWER SUPPLY

TO GROUNDED
TERMINAL OF
POWER SUPPLY

SAMPLING
RESISTOR
LOAD
TERMINALS

Figure 5.6, Current Sampling Resistor Connections

5.27 Constant Current Tests

, .
528 The instrumeants, methods, and precautions for the
proper measurement of constant current power supply

characteristics are for the most partidentical to those
aiready described far the measurement of constant voltage
power supplies, There are, however, two main differences:
first, the power supply performance wiil be checked be-
tween short circuit and full foad rather than open circuit

“and full load. Second, a current manitoring resistor is in-

serted between the output of the power supply and the
load, i

B-29 For all output current measurements the current sam-
pling resistor is a four terminal meter shunt. The foad cur-
rent is fed to the extremes of the wire leading to the shunt
resistance while the sampling terminals are located as close
as possibie to the resistance portion itself (ses Figure 5-6),
Recommended sampling shunts are given in Table 51,

£-30 Rated Cutput and Metar Accuracy.

a. Connect test setup shown in Figure 3-7.

b, Turn VOLTAGE controls fully clockwise,

¢. Turn on supply and adjust CURRENT controls un-
4] front panel ammeter indicates maximum rated output
current. L

d, Differential voltmeter should read voitage corres-
ponding to rated output current 23%.

5-31 Load Regulation, ]
Definition: The change AlQuUT in the static
value of the dc output current resulting froma
change in load resistance from short circuit to.a
value which yields maximum rated output volt-

age.
POWER SUPPLY]
UNOER TEST
-
S Ry,
E-\] LOAD
Y ASSISTOR
Vi

DIFFERENTIAL
YOAUTMETER
@Ga4eos

+
¢ P

MODEL { Ry (OMMS] [Rg [RATING
IN AMPSE

§484C | 6008 10004

6465C | 0038 2004

. 6483C | 0,120 3G3a

- €472¢ | 0.4725% 1304
§475C | 1160 03A

8477C | asace 504

B473C | 8.500 504

5483¢ | 40,000 54

Figure 5-7. Constant Current Test Setup



5.32 To check the constant current load regulation, pro-
ceed as follows:
* a. Connect test setup shown in Figure 5-7.
b. Turn VOLTAGE conteols fully clockwise,
¢. Adiust CURRENT controls until front panel meter
reads exactly maximum rated output current {500A and
15A for Models 8466C and 8483C, respectively],
d. Read and record voliage sndicated on d|fferent|al
voitmeter, .
e. Short circuit load resistor (R ).
f. Reading on differential voltmeter should not vary
from reading recorded in Step (d} by more than the follow-
ing:.

Mode! Vanatzon (u\/dc
6464C 100 -
B466C 110
' 6469C 100
8472C 100
—~—  B475C 100
6477C 100
" B479C 70

6433C-

166

5-33 Line Regulation.
“Definition:  The change AlQuUT in the static
value of de output current resulting from a
change in ac input voltage over the specified
range from low line to hsgh line, or from high
line to low line. .

To check the line regulation, proceed as follows:
a. Utilize test setup shown In Figure 5-7.
b. Connect variable auto transformer between mput
power sourcs and power'supply power input.

‘o, Adjust auto tsaﬁsformer for tow Ime input {-10%
of fine rating).

d. Turn VOLTAGE contrels fuily clockwisa.

e. Adjust CURRENT controls until front panel am-
meter reads exactly maximum rated cutput current {lowest

current tangs for Models 6466C and 6483C).

' f. Read and record voltage md:cated ¢n differantial
voitmeter.,

g. Adjust variable auto transfcrmﬂr for high line mput
{+10% of line rating). :

h. Reading on differential voltmeter should not vary
from reading recorded in Step (f) by more than:

5.34

Model Variation {tVdc)
6484C 100
B466C 110,
6469C 104
6472C 100
8475C 100
B477C 100
B475C 70
g483C 168

5-6

5-35 TROUBLESHOOTING

£-36 Before attempting to troubleshoot this instrument,
ensure that the fault is with the instrument and not with an
associated circuit. The performance test (Paragraph 8.5} en-
ables this to be determined without having to remove the
indtrument from the cabinet.

“8.37 A good understanding of the principtes of operation
-is 2 helpful aid in troubleshooting, and it is recommended

that the reader review Section IV of the manual before at-
tempting to troubleshoot the unit in detail. Once the prin-

'c‘:iples of operation are understood, refer to the overall trou-

bleshooting procedures in Paragraph 5 40 1o locate the

-symptom and probabie cause.

5.38 The schematic diagram at the rear of the manual con-
tains normal voltage readings taken at various points within
the circuits. These voltages are positioned adjacent to the

" applicable test points {identified by encircled numbers}.

The comgponent location diagrams (Figures 7-1 through 7-3)
at the rear of the mariual should be consuited to determine

“the location of components and test points.

'5-39 f 2 defective component is locatad, replace it and re-

conduct the performance tast. When a component is re-
placed, refer to the repair and replacements {Paragraph
5.54) and adjustment and calibration (Paragraph 5-68) sec-
tions of this manual,-

5.40 Qverall Troubleshoot:ng ?rocedure

5-41 Teo locate the cause of troubl
3 in sequence:

{1} Cheack for ohvious troubles such as input power
faitura, loose or incorrect strapping on rear terminals, blown
fuses or detective meier.

{23 In almost all cases, the trouble can be caused by
the de bias or reference voltages; thus, it is & good practice
to check voltages in Table 5-2 before proceeding with Step’

g, follow steps 1, 2, and

3%

{3} Disconnect load and proceed to the next Paras
graph, 5-42.

' 5.42 General, Any trouble with the supply can be isolated

by following the overall troubleshicoting procedures out-

“fined in the subsequent paragraphs. However, if the unit

fails one of the performance tests, or the unit is unstable,
but otherwise appears to operate narmally, it is more expe-
dient for the technician to refer to the miscelianeous trou-

_ btes shown in Table 5-3. For all other troubles, proceed as

directed in the following paragraphs.

§-43 Initial Setup Proceed as foliows before attemptmg

- to troubleshoot the instrument:



st

1. Traubleshooting is more sffective if the unit is 3. Before turning on the supply, set the front panel

operated In the normal mode {local sensing, focal program- CURRENT controls maximum cow and the VOLTAGE con-

ming). Strap the rear terminals as shown in Figure 3-2. trols to mid-range. Proceed to overall troubleshooting tree,
2. With the supply off, disconnect all loads from the Figure 5.8,

unit. -

Table 5-2. Reference and Bias Valtages
{Refer to Schematic for Test Foint Locations]

STER | Common | posive | wne | ninal PROBABLE CAUSE
1 4 Kz? 124+ 0.7 10mv A105 through ATQ8, ATVRE, Awaf.
2 3 &/ 82042 10mV A1VRI, ‘
3 & 2 62032 C2mv | Atvas.
4 W 17 6.2% 0,32 10mv A1VR3,
5 AD R 65t o;4 10mV. A1Q1 or ATVR2,

124£07 50mv ATVRS,-

<

" Table 5-3. MisceHaneous Troubles

SYMPTOM | . _PROBABLE CAUSE

High Rippie a. Check operating setup for ground loops, _
b. Check reference voltages {Table 5-2) for excessive ripple.

- ¢ Supply crossing over 1o constant current operation under load-
ed conditions. Check current fimit setting or constant current,
comparator circuit (Paragraph 5-47).

Peaor Line Requlation 2, Improper measurement technique (Paragraph 5-13).
' b Chieck reference voltages {Table 5-2).

Poor Load Regulation (Constant Voltage) 4. Measurement technique {Paragraph 5-11),
b. Reference circuit {Table 5-2.

. Ensure that supply is not current limiting, Check constant cur-
rent comparator circuit (Paragraph 5-47).

Poor Load Regulation {Constant Currént) ' a. Reference circuit {Table 5-2).
' ' b. Improper measurement technique.

c. Ensure that supply is not voltage limiting Check constant volt-
age comparator circuit (Paragraph 5-45).

Osciltates {Constant Valtage/Constant Current) 2. Adjustment of R385 (Paragraph 5-78).

, ) b. Opensensing lead {+5).

5.7



-Table 5.3. .Misceilaneous Troubles {Continued)

SYMPTOM PROBABLE CAUSE

fnstability {Constant Voltage/Constant Current) a. Reference circuit {Table 5-2).

b. Noisy voltage or current controls (R1,R2 or R3, R4},

¢. Stage A1UT or ATU2 defective.

. d. CR1, CR2, or CRY leaky.

&, A1CR1,CR2,CR13,CR14,C1, (8, C10,VR2 noisy or drifting.
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Figure 5-8. Overall Troubiéshooting Tree
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544 Amplifier Circuits, Open Loop Troubleshoot-
ing : '

5.45 The following paragraphs test the amplifier partion of
the feedback loop. Except for the front panel controls, ail
of the circuitry involved is located on the amplifier P.C..
Board, At. The averall test is divided into three separate
sub-tests; constant valtage comparator, constant current
comparater, and error amplifier, All tests are performed
with the feedback foop opened {jumper R149 removed, see
Figure 7-1 for location) and no Inad connected to the sup-
oly. i

5.46 Constant Voltage Comparamr To test the CV com-
parator circuit {ATU1 and assogiated components proceed
as follows: )

a. Strap the rear términals for normal operation {Fig-
ure 3-2) except remove jumper straps between + — +$ and
A7 - AB.

. b, Connect external battery and resistors 3s shown in
Figure 5-9. A " D"size flashlight ce!l is adequate for this
test.

¢. Before turning on supply, connest de vé!tmeter
acrass output of A1U1 between TPS and terminal A7
Ensure that jumper ATR148 is remaved.

d. Next, turn CURRENT controls fully cIockwnse
(cw }and VOLTAGE controls fully caunterclackwise {cow).

e. Turn-6n power suppiy and, after 10 to 20 seconds
turn on delay, observe voltmeter reading.

4. Volumeter should-read +0.8- 0.08Vdc with VOLT-
AGE controls fully cow. If it does, proceed 1o next.step, If
it does nat, check ATUT and associsted components {includ-
ing VOLTAGE controls Rt and B2 on front panel).

REAR

TERMINAL
BOARD
@ REMOVE JUMPER
+
1004 \ & To
@-‘ CONSTANT VOLTAGE
e COMPARATOR
. To
ek F 15V —@:———i— CONSTANT CURRENT
" COMPARATOR

" Barreay
B = a8

\aamovs JUMPER

1. AT .
-%COA&MON
»./\/.‘

4
Figure 5.9, Open Loop Test Setup, Amplifier Circuit

5.9

g. Rotate VOLTAGE controls fully cw and again ob-
serve yoitmeter.

h, Voltmeter should read +11 £ 1.1Vde with VOLT-
AGE controls fully cw. If it does, proceed to next portion
of tast, If it does not, check ATUT and associated COMpo-
nents {including the front panel VOLTAGE controls).

547 Constant Current Comparator. To test the constant
current comparator circuit (ATUZ and associated r'ompo-
nents) oroceed as follows:

a. Connect test setup of Figure 5-9,

b. Connect de voltmeter acrass output of constant
current comparator section of A1UZ, between TP10 and
terminal A7,

c, Turn VOLTAGE and CURRENT controls fully cw,
Ensure that circuit is open loep (jumper A1R148 removed).

d. Turn on supply (no load connected) and observe
voltmeter reading after turn on delay period.

e. Voltmeter should read +7.8 £ 0.78Vde with CUR-
RENT controfs fully cw, If it does, proceed to mext step, If
itdoes not, check ATU2 and associated components, includ-
ing front panel CURRENT controls.

f. Rotate CURRENT controls fally cow and observe
voltmeter reading,

g. Voltmeter shouid read +3.1 £'0.31Vdc with CUR-
RENT controls fully cow. If it does, proceed to next portion
of test, {f it does not, check A1UZ amd associated compo-
nents,

5-48--Error Amplifier. This test checks the erroramplifier
{ATU3} and all of the protection circuits connected to it's
input. First, the output of the amplifier Is checked. If this is
unsatisfactory, the input to the amplifier is measured to
determine if cne of the protection circuits is the cause of the
malfunction. To perform this test proceed as follows:

- a. Use test setup of Figure 5-9. Ensure that circuit is
open leop fumper A1R14€ removed),

b. Connect dc voltmeter across output of A1US, ba-
tween TP8 and terminal A7. ‘

¢, Rotate VOLTAGE and CURRENT centrols fully

d. Turn on supply and observe voltmeter reading after
turn on delay. - .

e. Voltmeter should read +11% 1.1Vde. If it does, -
proceed to next step {f). 1¥ it does not check input voltage
a5 directed in Step (g). - _

f. Rotate VOLTAGE controls fully cow and observe
voltmeter, Reading should be -11 £ 1.1Vde. 1§ itis, error
amplifier and front end circuits are operating correctly, If
readihg isnot-11 £ 1.1Vde, proceed 1o next step, (g},

9. Measure voltage at input of A1U3, between TP19
and terminal A7, Next, measure voltage between TP17 and
terminal A7 (other input to ATU3),

h. Both rmeasurements (TP17 and TP19) should be +8
£ 1Vdc. If these input readings are gorrect, but either output



reading (Step e or Step F} was incorrect, check ATU3Z.
Alsp, A1Q2 and ATQ3 can shunt down the output of
the error ampiifier if either is shorted,
i. If either input measurement is not +6 £ 1Vdc,
~ check.for a shorted transistor {A1Q4, 08, or Q10) in the
‘protectian circuits, Also, check zener diode A1V R3Z. Final-

Iy, check voltage at output of backup overcurrent protee-
tion circuit {TP11 and terminal A7}. [tshould be +12 * 2V-
de with any front panel setting of the CURRENT control.

f reading is not within tolerances, check A1U2 and associ-
ated components. :

5-4¢ Firing Circuits, Open Loop Troubteshoating

§.80 Al of the firing circuitry that éontrols the SCR's is
located on the firing board, A2, The test s performed open
fcop {jumper strap R149 removed} with a 10k{2, 10-turn

‘potentiometer connected to TP18 as shown on the schema-

tic and described on NOTE 14, The check is made by ob-
serving circuit waveforms shawn at the rear of the manual.
As indicated in Table 5-4, all three firing circuits are check-
ed starting with phase A.

_Table 54, Firing Circuit Troubleshooting

STEP " ACTION RESPONSE PROBABLE CAUSE
o . Remove jumper strap ATR148
-~ and connact wiper of extarnai
10k$2, 10-turn potentiometer
{R 148} to input of f_iring cir- _
“cuits {TP18}, Set external pot
1o ~12.4V end. Too positive an
input will damage the SCR's.
2 Connect oscilfoscope to AZQ1 . Normal wavefarm a. Proceed 1o Step 3,
base {TP22]) and common (A7}, (Figure 7-8}).
Qbserve base waveform with . Abnormal wavaform b. Component in base circuit defective.
| external potat-124Vend _ Check A2C1T, AZCR7, A2RS, ete.
{blocking oscillator off). . L
- . Mo waveform ¢. Fuse F4,' F5, or FB dpen, Base compo-
‘ nent open {A2R3, R4, etc).
3 Connect.oscilloscope to -AZCN . Normat waveform a. Proceed to Step 4.
: emitter {TPZB} and terminal {Figure 7-8) : L
A7 Observe emitter “:a:”{‘i?rm . Waveform abnormal b. Component is emitter circuit defective.
With external pot at =i 4.8 or missing, ~ Check A2C3, A2R7, and A2C1.
endd {blacking oscillator off). -
4 Leave scope connected 1o em- . Normal waveform _a. Froceed to Step 8. .
mitter of AZQ1 and slowly {Figure 7-8) ' - ’
' turn external pot toward . Abnormal waveform | 'b. Check A2Q1 and associated compo-
¢ #124V end. When voltage at . "1 nents (A2T7, A2C2,'A2R2). Check
TP18 reaches about -4V, first "phase A SCR (CR4} for open.
firing pulses should be generat- ‘ _ :
- | - ed. This is charactarized by a
negative going notch on the
emitter waveform.
g Turn external pot to negative . . Normal wavefor:m a. Proceed to Step 5.
end and check waveform at ‘b. Abnormal waveform | 5. Component in A2Q2 basé circuit de-
base of A202 (phase B stage), o fective or phase B portion of current
P23, , ' balance circuit defective {check ATU4
and associated components).

5.10
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Tabie 54. Firing Circuit Troubleshoating {Continued)

STEP ACTION RESPONSE PROBABLE CAUSE
6 Repeat Step 3 except check a. Normal waveform - a. Proceed to Step 7.
wa«‘:e{f‘?;rgst)n A2Q2 emitter cir- b. Abnormal waveform b. Component in emitter circuit defective.
cul . Check A2C13, A2R17, and A2C11.
7. Repeat Step 4 for firing of a. Normal waveform a. Proceed to 4Step 8. )
phase B blocgmg oscillator. _ b, Abnarmal waveform b. Check A2Q2 and associated compo-
nents. Check phase B SCR for open.
8 Check phase C base waveform a. Normal waveform a. Proceed to Step 9. s
(A;??B, TPZfl). T:;n external b. Abnormal waveform b, Component in A2Q3 base circuit de-
POt to negative end. fective or phase C portion of current
balance circuit defective (AT1US and
associated components).
g Repeat Steps 3 and 4 except 3. Normal waveforms Firirig circuit okay.
B :heck‘ phase C {A2Q3) wave- b. Abnormal wave- b. Check applicable components in phase
. orms. form(s} C stages.

551 Crowbar Troubleshootmg (Umts wn:h Optlon
006 Only)

8-52 Most crowbar faults fall into two general categories;
(1) the circuit crowbars {CR37/CR38 fires) at all times even
when the trip point is adjusted to maximum, or (2} the
crowbar is completely inoperative at any trip point setting.
Condition number one will result in zero {or very low) out-
pu"i voltage because the SCR crowbar will fire every time
power is applied to the unit, For condition number two, no
overvoltage protection is provided and the output voltage
witl go high if a failure occurs in the power supply protec-
tion circuits,

5-93 |f condition one accurs (crowbar'al'ways tired), check
all of the circuit transistors {A2Q7 through Q10} for possi-
ble shorts. Also check the crowbar SCRis) itself for a short.
If condition two occurs (crowbar ingperative}, check tran-

sistors and SGR{s} for opens. :

8.-54 REPAIR AND HEPLACEMENT

5-65 Section VI of this manual contains a list of replace-
able parts. If the part to be replacad does not have a stan-
dard manufacturers’ part number, it isa “special” part and
mist be obtained directiy from Hewlett-Packard. After re-
placing any semiconductor device, refer 10 the adjustment
procedures outiined later in this Section.

556 Air Filter |

5-57 The air fitter, located on the lower front panel, should

" be checked on a monthly basis and cleaned if nacessary. To

gain access to the filter, twrn off the unit and remove the six
mounting screws on the lower frent panel {Figure 1-1). The
filter is mounted by four screws in back of the lower front
panel. With the filter removed aceess is also gamed 1o the
cocling fan,

5.58 Hinged Front Panel

5-59 The upper portion of the front panel is hinged and
can be dropped down for servicing the front panel compo-
nents or the components on the front portion of the ampli-
fier P.C. board, At. To pult down the front panel, remove
the twe mounting screws on the sides of tha front panel.
Then grasp the top of the pane! and pull out and down.

5-60 Printed Circuit Boards

581 Figuré 75 shows- the location of the three main P.C,
Boards (A1, A2, and A3] of the unit with the top cover re-

- moved, The amplifier board {A1) can be removed, if neces.

sary, by the following procedures:
a. Turn off unit and remove top cover,
b. Pul! down front panel {previous paragraph).
¢. To disconnect Al board from two rear connectors



for A2 and AJ boards, grasp the two plastic tabs on front of
A1 board and slide board forward untii free of A2 and A3
board connectors.

d. To slide Al board comp{eteiy aut of unit, it may be
necessary to disconnect the front panef from it's hinges. -

e. To accomplish this, disconnect the front panei safe-
ty gfouﬂd wire from its ground lug.

- f. Next, snap cut hinges supporting the front panel.
Sufficient length in the front panel wiring is provided to en-

able this. Now slide the A1 beard forward until clear of unit, -

5-62 Primary SCR and Diode Rﬁp!acement

B-63 The SCR regulators {CR1, CR2, CR3) or primary di-
odes (CR4, CRS, CR6} are mounted on top of the center
heat sink running from front to rear of the unit, The top of -
thase components are accessible from the top of the unit
(Figure 7-5} and, the bottom.of the components can be
raached from the rear or side of the unit. When replacing an
SCR or dicde, use Wakefleld Type 120 {HP Part No. 8040-
0239) thermal compound to obtain the proper heat ccnduc
tion.

8.64 Whan fastening an SCR to the heat'sink the use of 2
torque wrench is recommended. Too loose 2 torgue may re-

small indentation near top of round b

suit in 2 poer connection between the SCR and heat sink. If -

the SCR is tightened too hard, the stud or nut may be str|p~
ped and the SCR itself could be brokan.

_E-65-- The following fist-contains the torque recommenda-
tions for all of the SCR's used in the SCR-10 Series.
{1) SCR’s with Y%-inch mounting studs and nuts must
be installed with a torque of approximately 20 inch-pounds.
(2} SCR’s with Ye-inch mounting studs without nuts
{rapped heatsink} should be installed with a torque of ap-

proximately 30 inch-pounds. )
{3} SCR" with 2/2.ineh studs and ne

enad to 110 inth-pounds, .
{4} SCR’s with 3/8-inch studs without nuts should be
tightened to 140 inch-pounds.

t5 should he tin
8T ¢ De tig

5-66 Loc:atlon of Power Transformer Choke Out-
put Capacitors, and Secondary Rectifiers

B.87 All of these components can be reached by removing
the side govers {see Figure 7-4}. To remaove the side covers,
the top cover must be removed first. Then the side covers
can be removed by pulling zhem'up and away from unit.
They ars not fastzned with mounting screws but are mserted
into stats in the cotner support posts.

5-68 Adjustmeht and Ca[ibratio,n

5-69 Adjustment ang calibration may be required after per-
formance testing or troubleshooting. The entire catibration

bt

procedure should be performed after any semiconductar in
the feedback loop is replaced. The adjustments are present-
ed in the propar sequence and the entire procedure takes only
only about'15 minutes to accemplish. '

5.70 Meter Zero

5.71 The pointer of each meter must rest on the Zero cali-
bration mark on the meter scale when the instrument is at
normal cperating temperature, resting in its normal opera-
ting position, and turned off. To 2ero set the meter proceed
as follows: ’

a. Connect load resistor of value shown in Figure 5-1.

b. Turn on instrument and allow it to come up to nor-
‘mal operating temperature {about 30 minutes),

¢. Turn instrument off. Wait one minute for power
supply capacitors 10 discharge completely.

d. Insert sharp pointed obiect {pen point or awl) into
ck plastic disclocat
ed directly helow mater face. o

e. Rotate plastic dise clockwise until meter rnads zero,
then rotate counterclockwise siightly in order to free adjust
ment screw from meter suspansion, Pointer shoaid not meve
during latter part of adiustment,

5-72 QOutput Ripple, Preliminary Adjustment

£.73 Before making any further adjustments; it is essential
10 observe the cutput ripple to ascertain that all three SCR's
are firing-and that their.conduction angles are approximate-
ly equal. Procesd as follows to make this check:

a. Connect ac caupted osciiloscope between +5 and -8

tﬂrmlra{s. .

b. Set VOLTAGE and CURRE'\IT centrols ta mid-
range.

¢. Turn on supply with no load connected.

d. Obgarve autput ripple {180Hz with no load) and en-
sura that all three phases are firing {no spaces betweaen
nulses) and that the peak emplitudes between adjacant ’
pulses are roughly equal {within 25%) to each other.

e, If the ripple Is unsatisfactory, adjust the phase B

" and C balance potentiometers ATR102 and A1R122 until

5-12

the conditions of Step (d) are satisfied.
5.74 Constant Voltage Programming Accuracy

5-7% Zerc Output Voltage, To calibrate the zero veltage
programming-accuracy, proceed as follows:

a. Connect differential voltmeter between +§ and -5
terminals,

* b. Shart-out VOLTAGE controls by connectmg jump-
gr between A2 and -3 terminals.

¢. Connect decade resistance box in piace of ATRTT,

d. Turn on supply and adjust decade box to obtain 0
£ 10mVdc output on voltmeter,



e. Turn off supoly and replace decade box with appro-
priate value resistor in ATR11 position.

5-76 Voltage Programming Accuracy,

a. Remove short between A2 and -S.

b. Disconnect jumper between A? and A2,

¢. Connect pracision {0.1%) wire-wound resistance be-
tween AZ and -S terminals. Value shown below:

Modei Value {Ohms) Qutput Vaolrage
6464C 1800 8
684880 3800 18
6469C 7200 36
8472C 12.8k 64
8475C 22k 110
B477C 44% 220
8479C 80k 300
8483C 120k 600

o d. Connect decade resistance box in place of A1RG
and turn on supply.

8. Adiust decade resistance to abtain rated output
voitage £1%.

f. Adjustments for R9 and R11 may interact. Recheck
for 0 % 10mVdc output (Paragraph 5 -78) and repeat R11
and R adjustments, if necessary.

‘4. Turn off supply and replace dacade box wuth appro-
priata value resistance in B9 position.

h, Remove precision resistor and reinstall jumper be.
tween A2 and A3,

5-77 Voltmeter Calibration.

5-78 To calibrate the voltmater, proceed as follows:

a. Connect differential voitmeter across supply, ob-
serving correct polarity. _

b, Turn on supply and adjust VOLTAGE controls un.
til differential voltmeter reads exactly the max;mum rated
output voltage,

- ¢ Adjust ATR144 unti! front pane! voltmeter also in-
dicates exactly the maximum rated ottput voltage.

5-73 Overvoltage Protection Limit

5-80 The overvoltage limit sets the point at which the inter-
nal protection circuit {A1 010} is activated. The adiustment
is as follows:

a. Connect dlfferenzxal voltmet eracross +5 and -5 ter-
minals,

b, Turn on suppiy and set VOLTAGE contrals fully
oW,

c. Voltmaeter should read ﬁ{}% of supply’s rated out-
put voltage.

d. If it does not, turn off supply and connect decade
resistance box in place of ATR23. _

e Adjyst decade box until output is 110% of rating

and install proper resistor in R83 position.

5-81 Constant Current Programming Accuracy

5-82 Zero Output Current. To calibrate the zerp currant
programming accuracy, proceed as follows;

a. Connect test setup shown on Figure 5.7,

b. Shortout current controls by connecting jumper
between terminals A4 and A8,

c. Rotate VOLTAGE controls fully ciockwise ame
turn on supply,

d. Reading on differential voltmeter should be 0
* 10mV, _

e. 1f itis not, shunt resistar ATR28 with a decade
resistance box, .

£ Adgust decade resistance until dsfferential voltmeter
reads zero, then replase R28 with resistance value equai to
that of decade resistance,

5-83 CC Programming Accuracy. To calibrate the constant
current programming current, proceed as follows:

a. Connect power supply as shown in Figure 5-7.

b Remgve strap between AS and A8,

¢. Connigct a 0.1%, 1/8 Watt resistor between A4 and
AB, Resistor.value is as foliows: :
Rated Current (Amps)

Model  Resistor Valus [(Ohms)
8464C 2004 1000
64660 2000 £00
g489C 2000 300
8472C 2250 1507
- B475C 20000 100
B8479C 121082 35
6483C 25002 25

813

d. Turn on supply and cbserve voltmeter reading. it -
should be voltage correspanding to rated output current & i%
{50 £ 0.5mVdc with a 50mV shunt}. . ‘

e. 1f it does not replace A1R25 with decade resistance
box. ’

f. Adjust decade resistance 1o obtain voltage corres-
pending to rated output current £1% on valtmeter.

g. Replace decade box with equal value resistance in
R25 paosition.

h. Remove precision resistor and reinstall jumper be-
tween AS and AS,

5-84 Ammeter Calibration

5:85 To calibrate the ammeter, proceed as follows:

a. Connect test setup shown in Figure 5-7.

b. Turn VOLTAGE controls fully clockwise,

¢. Turn on supply and adjust CURRENT eontrots un-
til differential voltmeter reads voltage correspondingto -
maximum ratad output current,

d. Adjust ATR141 until front panel ammaeter indicates
exactly maximum rated output current.



5-86 Backup Overcurrent

5.87 Proceed as foilows to adjust the backup overcufrent
dimit:
‘ a, Connect test setup of Figure 5.7,

b. Turn cn supply and turn CURRENT controls fully
N' . . .

c. Voltmeter reading corresponds to 110% of maxi
mum rated output current.

d. {f it does not, connect decade box in place of
ATR37 and adjust to obtain 110%; -

e. Install resistor equal te decads box in R37 position,

5-88 Transient Recovery Time

5-89 To adjust the transient response, proceed as foliows:

a. Connect test setup as shown in Figure 54,

b. Repeat Steps {a) through (d) as outlined in Para-
graph 5-26. '

c. Adjust R4B so that the transient response wave-
form has a minimum of overshoot or oscillation and is with-
in the tolerances of Figure §-5.

5.80 Phase Protection

5-31 This adjustment establishes the low input line point
at which the phase pratection circult becomes activated.
Proceed as foilows:

a. Connect a 10kW, 2c varnac between ac mput source
and power suppiy line input.

b. Connect an ac voitmeter between any ac mpuL wWe
phases.

c. Turn on supply (no foad connected) and rotate
VOLTAGE controls for maximum rated ocutput voltage.

d. Using variac, reduce ag input line until power sup-
ply de output voltage falls to near O voits. Record ac voit-
meter reading at power supply turn-off peint. 1t should
read as follows:

AC Line Voltage {Normal) Line Voltage atf Trip Point

208 174 % GVac
230 . ' 182 + 6Vace
450 ) 388+ 13Vae

e, If wrip point is outside of tolerance, turn off supply
and replace A1R77 with decade resistance box. .

f. Adjust decade box so that trip pomt of Step {d}is
satisfied.”

g. Replace suitahle value resistor in ATR77 position
as determined by decade box setting.

5-92 Qutput Rspp[e Final Ad;ustment

583 This adjustment balances the output rippleby baianc
ing the ac line currents (phase B and € potentiometers
ATR102 and ATR122). The method of adjustment depends
on how closely the ac line-to-line voltages are balanced. If

5-14

the three phase line veltages are balanced to within 3% of
each other, use the following adjustment procedure. if the
line voltages are balanced to within 3% to 8% {maximum
tolerable imbalance) of each other, use the second adjust-
ment procedure.

5-94 Balance Adjustment {Line-to-Line Imbalance Within
3%). To make adjustment, proceed as follows:

a. Connect oscilioscope betwean +5 and -5 terminals.

b. Connect full foad resistance {see Figure 5-1) acraoss
autput bus bars.

¢. Turn on supply and adjust output voitage to about
20% of rating. Observe output ripple (360Hz with toad} on
SCOpe. o
d. Peak amplitudes of adjacent rippie peaks should be
equal to each other. [ they are not, adjust A1R162 and
ATR122. .

e, Increase output voltage in 10% steps adjusting
R102 and R122 as necessary. Final adjustment is made at
maximum rated output.

595 Balance Adjustment (Line-to-Line Imbalarnce 3 to 8%).

Faor this adjustment, the input line current Is monitored
rather than the cutput ripple, This adjustment ensures that
the current balance circuit within the supply is operating in
the center region of ifs operating curve thus providing pro-
tection for the ac input components in the supply. At the
completion of the adjustment the input line currents will be
balanced to within 3 to 5%, Qutput ripple will probably be
imbalanced to some extent due to the line-to-line vo/tage
imbalance of 3 to 8%, This adjustment is as follows:

a. Attach ac clip-on ammeter to any one of the 3-
phase input wires.

~ b. Connect full load resistance across output {see Fag—
ure 5-1h.

¢. Turn on supply and adjust cutput to abeut 10% of
rating. Observe ac reacing on ammeter,

d. Attach clip-on ammeter to one of the other two
phases and compare reading with that of Step (¢}, If the
two currents arg unequal, adjust A1R102 and A1R122.

. Set power supply output to 20% of rating and com-
pare line currents of two of input phases. [f unequal, adjust
R102/R122. -

i, Continue to increase output voltage in 10% steps
adjusting R102/R 122, if necessary. Final adjustment is
mada at full rated output voltage.

5.96 Line Overcurrent Protection

5-37 .This adjustment sets the trip point of the ovarcurrent
protection portion of the overload circuit. When the trip
point is exceeded, input power is removed and the OVER-
CURBENT PROTECT lamp on the front panel is flumi-
nated. Proceed as follows:

a, Connect de voltmeter across A1C54 (between



emitier of A1Q11 and terminal A7}

b. Connect decade resistance box between +12.4V and
emitter of ATQ11. Set decade box to ]G0k, initialiy,

c. Turn potentiometer A1TR131 fully cow.

d. Turn on supply {no load connected).

e Decraase resistance of decade box untif trip voltage
rezd on dc voltmeter is as follows:

Nomina! Line {Vac) Trip Voltage at A1Q11 Emitter
208 - +7 2 0.1Vde
230 +6.6 £ 0.1Vde
380 B +7 2 0.1Vde
400 +7 £ (.1Vde
450 - ~ +6.6 £ 0.1Vde

- f. Adjust ATR131t untit circult trips and unit shuts

515

down.
g. Overload circuit is now adjusted. Remove decade
box and operate supply normaily.

NOTE

For users with 208, 380, or 400V ac input lines,
the supply may trip before the 7 £ 0.1Vdc trip
voftage can be obtained. If this cccurs, change
ATR127 to 20k$%, £1%, 1/8W and adjust decade

.box for a trip voltage of 6.6 £ 0.1 Vdt finstead.
of 72 0.1Vde) atemitter of ATQ11.

A



SECTION VI
REPLACEABLE PARTS

6-1 [INTRODUCTION

6~2 This section contains infofmation for ordering
replacement parts. Table 6-4 lists parts in alpha-
numeric order by reference deszgnators and provxdes
the follewing information:

a. Reference Designatdrs. Refer to Table 5——3.

b, Description, Refer to Table 6-2 for ab-
breviations., _ _ ‘

¢. Total Quantity (TQ). Given only the first
time the part number {s listed except in instruments
contalning many sub-modular assemblies, in which
case the TQ appears tha flrst time the part number
s listed {n each assembly,

d. Manufacturer's Part Number or Type,

e, Manufacturer's Tederal Supply Code Num-
ber, Refer to Table £-3 fo‘ manuracturer s name and
address,

-f, Hewlett-Packard Part Numbﬂr

g, Recommended Spare Parts Quantity {RS}
for éomplete maintenance of oneg instrument during
one vear of isclated service,

- h, Parts not identifled by a reference desig-
nator are listed at the end of Table &~4 undar Me~
chanical and/or Miscallanecus. The former consists
of parts belonging to and grouped by individual as~
semblies; the latter consists of all parts not im=~
mediately associated with an assembly

6-3 ORDERING INFORMATION

6-4 ‘Toordera replacement part, address order or
inguiry to your local Hewlett-Packard sales office
(see lists at rear of this manual for addresses),
Specify the following information for each part:
Medel, complete serial number, and any Option or
special modification {f) numbers of the instrument;
Hewlett-Packard part number; circuit refeérence des-
ignator; and description, To order a part not listed
in Table 6-4, give a complete description of the
part, -its function, and its location,

Table 6-1, Referencé Designators

A = assembly £ = miscellaneous
B = blower (fan) - elecironic part
C = capacitor. r = fuse |
CB = circuit breaker |7 = jack, jumper
CR = diode K - = relay
DS = device, signal-| L = inductor

ing {lamgp) M = meter

Table 6~1. Reference Designators (Continued)
P = 'iug Y = vacuum fube,
Q- = transistor nzen bulb,
B = resistor photocell, etc.
g = switch VR = zZener diode
T = transformer X = socket
T8 = tefminal block Z = integrated cir-
TS = thermal switch cuit or network
Takle 6~2., Descripticn Abbreviations
A = ampere ‘mfr = manufacturer
] .ac = gltemating mod. = modular or
current meodified
assy. = assembly mtg = mounting
bd = beard n = nano = 10-9 i
bkt = bracket NC = normally closed
°C = degree NG = nommally open
Centigrade NP = nickel-plated
cd = card A = ohm
1 coef = coefficient obd = order by
comp = composition description
CRT = cathade-ray 0D = cutside
: tubs diameter
CT = ¢center-tapped o] =z pico = 10712
dc = direct current P,C. = printed circuit
DPDT = double pole, .| pot, = potentiomater
double throw p~p = peak-to-peak
DPST = double pole, PEm = paris per
single throw miilion
glect = electrolytic pvr = peak reverse
encag = ancapsulated voltage
F = farad rect = rectifier
op = degrée rms = root mean
Farenheit ‘ sqhare
-fxd = {ixed 81 = silicon
1 Ge = germanium SPDT = single pole,
IH = Benry _ . double throw
1 Hz = Heriz SPST = single pols,
1I1C ='integrated single throw
circutt '83 = small signal
ID = inside diameter| T = slow-blow
idgnd = incandescent tan, = tantulum
k = kile = 103 Ti = titantum
m = milli = 10-3 v = volt
M = mega=-108 var = variable
i = micro = 106 ww. = wirewound
met, = metal W = Watt’

§-1




aneapolls Minn,

Table 6-3, Code List of Manufacturers
dope CODE
NO. MANUTACTURER ADDRESS NO, MANUFPACTURER ADDRESS
066293 | E3Y Sales Co., Inc, Tamaica, N.Y. 07138 ] Weastinghouse Electric Corp,
00656 |herovox Corp, New Bedford, Mass. Electronic Tube Div, Elmtra, N.Y.
00853 | Sangamo Tlectric Co, 07283 { Fairchild Camera and Instrument
. 3. Carolina Div, Pickens, 8.C. Corp. Semiconductor Div.
01121 lAllen Bradley Co, Milwaukee, Wis, Mountain View, Caiif,
01255 fLitton Industries, Ine. 07387 | Birtcher Corn., The Los &Angeles, Calif,
Baverly Mills, Calif, 07397 | Sylvania Electric Prod, Ing.
01281 {TRW Semiconducters, Inc, Sylvania Electronic Systems
. Lawndale, Calif, Westem Div. Mountain View, Calif,
01295 |Texas Instruments, Inc. 67716 | IRC Div. of TRW Inc, Burlington Plant
Semliconductor-Components Div, Burlington, Iowa
. Dallas, Texas 07310 | Continental Device Corp.
01686 |RCL Electronics, Inec, Manchester, N. H. ' Hawthome, Calif,
01930 |Amerock Cerp. Rockford, Il 07333 | Raytheon Co, Components Div,
D2107 |Sparta Mfg, Co. Dover, Qhio Semiconductor Operation
62114 |Ferroxcube Corp. Saugerties, N,Y. Mountain View, Calif,
02806 | Fenwal Labcratories Morton Grove, IiL ‘08484 | Breeze Corporatmns, Inec, Unicn, N.7J,
02660 {Amphenoci Corp. Broadview, Til, 08330 | Reliance Mica Corp. Broakiyn, N.Y.
02735 jRadio Corp. of America, Solid State 08717 | Sloan Company, The Sun Valley, Calif.
and Receiving Tube Div, Somerville, N.J. 08720 |Vemaline Products Co, Inc. Wyckoff, N.J.
03508 | G.E. Semiconductor Products Dept, 08806 | General Elect, Co. Minia-
Syracuse, N.Y. ] ture Lamp Dept, -Cleveland, Chic
03797 [Eldema Corp. Compton, Calif, 08863 | Nylomatic Comp, Norrisville, Pa,
03877 {Transitron Electronic Cerp, 0831% |RCH Supply Co, Vernon, Calif,
- Wakefield, Mass, 33021 |Alrco Speer Electronic Components
03888 | Pyrofilm Resistor Co, inc. ‘ : Bradford, Pa.
Cedar Knolls, N.I, 09182 *Hewiett-—?ackard Co, New Jerséy Div,
04009 A'mW, Hart and Hegeman Electric Co. Rockaway, N.J.
s : - Hartford, Cont, 09213 Geﬁera‘ Elect. Co, Senidonductor
24072 jADC Elec:ronics. Inc. Harbor Cny,_Cahf Prod, Dept. Buffale, N,V
04213 {Caddell & Burns Mfg, Co. Inc, 08214 |General Elect, Ce. Semiconductor
' Mineola, N.Y. Prod, Dept. B Auburn, N.Y,
04404 | *Hewlett-Packard Co. Palo Alto Div, 08353 |C & K Components Inc. Newton, Mass,
' "~ Palo Alte, Calif. 09922 | Burndy Corp, Nerwalk, Conn.
04713 ! Motorcla Semiconductor Prod, Ine. 11115 |'Wagner Electric Corp,
P”aoe'ux, Arizena Tung-Sot Div, Bloomfield, N.71.
03277 [ Westinghouse Blectric’ Cor 11236 |CT8 of Bemne, inc, Berne, Ind,
i Semicenductor Dept. Youngwood, Pa. 11237 |Chicage Telephone of Cal. Inc. .
05347 [Ultrenix, Inc. Grand Junction, Colo, . So, Pasadena, Calif,
08820 |[Wakefield Engr. Inc. Wakefleld, Mass. 11502 |IRC Div, of TRW Inc. Boone Plant
06001 1General Elect. Co, Electronic Boone, -N,C.
Capacitor & Battery Dept, Irme, 8.C, 1171% {General Instrument Corp ’
06004 |Bassik Div, Stewart-Warner Corp. Rectifier Div, Newark, N.J.
Bridgeport, Conn. 12136 {Philadelphia Handle Co. Inc.
06486 {IRC Div, of TRW Inc. . Camden, N.I.
Semiconductor Plant Lynn, Mass, 12615 (U, 8. Terminals, Inc, Cincinnatl, Chic
06540 {Amatom Electronic Hardware Co. Inc. 12617 | Hamlin Inc. Lake Mills, Wisconsin
New Rochelle, N.Y. 126387 |Clarcstat Mfg. Co. Ine, Dowver, N, H,
06555 |Beede Electrical Instrument Co. ‘ 13163 JThemalloy Co. ) Dallas, Texas
Penaccok, N, H. 14433 | *Hewlett~Packard Co. Loveland Div.
06666 [General Devices Co. Inc. loveland, Cole,
. Indianapolls, Ind, 14635 |[Cornell-Dubilfer Electronics Div,
08751 jSemcor Div, Componants, Inc. Federal Pacific Electric Co.
Phoenix, Arizona . ‘ Newark, N.I,
06776 |Robinson Nugent, Inc., New Albany, Ind, 14936 |Gemneral Instrument Corp. Semicon-
0681Z |Terrington Mfg. Co., West Div. ' ductor Prod. Group Hicksville, N. Y,
v Van Nuys, Calif. 15801 |Fzawal Elect, Framingham, Mass,
67137 [Transistor Electrontes Corp, 16239 | Coming Glass Works, Electronic

Componants Div, Rateigh, \E.C;

*Use Code 28480 assigned to Hewlatt~Packard Co., Pale Alte, California




Table 6~3.

Mt, Vernon, N.Y.

Code List of Manufacturers {Continued)
CODE CODE
NO. MANUFACTURER ADDRESS NO. MANUFACTURER ADDRESS
16738 | Delco Radio Div, of General Motors Corp, 70563 | Amperite Co. Inc, Unlon City, N, .
Kokome, Ind, 70901 } Beemer Engrg. Ce. Fort Washington, Pa,
17545 | Atlantic Semlconductors, Inc. 70903 | Belden Corp, © Chicago, I,
Asbury Park, N.J, 71218 | Bud Radio, Inc, Willoughpy, Chioc
17803 | Fairchild Camera and Instrument Corp 71279 | Gambridge Thermionic Corp,
Semicowductor Div, Transducer Plant : Cambridge, ‘Mass.
Mountain View, Calif. 71400 | Bussmann Mfg, Div. of McGraw &
1787¢ § Daven Div. Thomas A. Edison Industries ‘ Edison Co. St, Louls, Mo.
McGraw-Edison Co. . Orangs, N.J. 71450 § CTS Corp. ' ’ Elkhart, Ind.
18324 | Signetlcs Corp. ‘Sunnyvale, Calif. 171468 | I.T. T, Cannon Electric Inc.
19315 | Bendix Corp. The Navigation and . Los Angeles, Calif,
- Control Div, Tetarboro, N.T. 71530 | Globe~Union Inc, _
119701 | Electra/Midland Corp, : , Centralab Div, " Milwaukee, Wis.
\ Mineral Wells, Texas 71700 | General Cable Corp. Comish
21520 Fans..eel M&allu’gncal Corp. Wire Co. Div, Williamstown, Mass,
Neo, Chicago, Iil. 71707 § Cete Coil Co. Inc. Providence, R.I.
22229 | Union Carbide Cor‘p. Electronics Div, 71744 | Chicago Miniature Lamp Works'

- . Mountain View, Calif, Chicago, Il
22753 | VID Electronics Corp, Hollywoed, Fla, 71785 | Cinch Mfg. Co, and Howard .
‘23936 | Pamoter, Ing, . Pampa, Texas ' 8, Jones Div, Chicago, I,
244487 General Electric Co, Schenectady, N.Y. 71884 | Dow Corning Corp, Midland, Mich,
24435 | General Electric Co, Lamp Div. of Con- 72136 | Electro Motive Mfg., Co. Inc.

| sumer Prod. Group ' ‘ ~ Willlmantic, Conn.
‘ _ _ «t "Nela Parks CIevelai.d Chio 72815 1 Dialight Corp, U © Breoklym, N,Y.
124855 | General Radio Co.  West Concord, Mass, 72639 | General Instrument Corp,  Newark, N.T.'
24681 | LTV Electrosystems Inc Memecor/Com- _ 727565 |'Drake Mfg, Co,  Harwood Heights, Iil,
. _ponents Operatiens Huntingten, Ind, 72962 | Elastic Stop Nut Div, of
26982 | Dynacosl Mig. Co, Inc. Saugerties, N.Y, Amerace Esna Corp, - Union, N.J.
27014 | National Semiconductor Corm. o 172982 Erie _Technological Products Inc, Erle, Pa,
B S T ..8anta Clara, Calif. | © 173096 | Hart Mfe, Co. . .. . -Hartford, Conn,
28480 Hew?et‘ -Packard Co. Palo Alto, Calif. 73138 Beckman Instruments Inc, '
28320 '| Heyman Mig. Co. Kenilweorth, N.F; . Helipot Div. Fullerton, Calif,
28875 IMC Magnetics Corp. [ 73168 | Fenwal, Inc, Ashland, Mass.
do 4. New Hampshire Div, Rochestar, N, H. 73293 | Hughes Alrcraft Co. Electron
31514 | SAE 1!\.<:!\ram::1= Packaging, Inc. Dynamics Div, Tarrance, Calif,
) .. Santa Ana, Calif, 7344% | Amperex Electronie Corp,
‘131827 | Budwig Mfg. Co. ‘Ramona, Calif. - Hicksville, N, y
33173 {G.E. Co. Tube Dept, Cwensboro, Xy, 73505 | Bradley Semiconductot Cormp,
35434 {lsctrohm, Inc. Chicago, Il ) © New Haven, Conn.
37942 | P. R. N‘ailory & Co. Inc 73534 Ca ling Electric, Ine. Hartford, Coenn,
oo Indianapalis, Ind, 73734 | Federal Screw Products, Ine. . ;
42180 | Muter Co, Chicago, Il ‘ Co Chicago, Iil.
43334 | New Departure-Hyatt Bearings Div, 74133 | Helnemann Electric Co. Trenton, N.I.

L General Motors Corp, Sandusky, Chieo 74545 | Hubbell Harvey Ine, ~ Bridgeport, Conn,
44685 | Ohmite Manufacturing Ceo. © . Skokie, Il 74844 Amphenol Carp Ampbenoi RF Div.

46384 | Penn Engr. and Mfg. Corp. : , Danbury, Conn,
Doylestewn, Pa. 74370 {E.F, Iohnson Co, - Waseca, Minn,

47904 | Polaroid Corp. _ Cambridge, Mass, 75042 { IRC Div. of TRW, Inc, = Philadeiphia, Pa,

45958 |Raytheon Co. . Lexington, Mass, 75183 | *Howard B, Jones Div. of Cinch .

55026 |Simpson Electric Co. Div. of American Mig., Corp, - New York, N.Y.

. Gage and Machine Co, Chicage, I, 75375 { Kurz dnd Kasch, Ing, Dayton; Ohie
56239 |Sprague Ilectric Co. North Adams, Mass, 78382 { Kilka Electric Corp, Mt. Vernon, N.Y,
38474 |} Superior Electiric.Co, Bristel, Conn. 75515 | Littlefuse, Inc, ‘ " Bes Plaines, il
58843 | Syntron Div, of FMC Corp, 76381 § Minnesota Mining and Mig. Ce,

: . _ Homer City, Pa. St. Paul, Minn,
59730 | Thomas ard Betts Co, Philadelphia, Pa. 76385 | Minor Rubber Co, Inc, = Bloomfteld, N,J.
§1637 | Union Carbide Corp. New York, N.Y, 76487 |James Millen Mfg, Co, Inc,

63743 | Ward Lecnard Electrlc Co, ‘ N ‘ Malden, Mass,
' ’ - 76433 -

J.W. Miiler Co. ~  Compton, Calif,

*Use Code 71783 agsigned to Cinch Mfg, Co., Chicago, Ili




802394
glo42

81073
81483
81751
82099

82142

g2219

82389
82647

B2866
82877
82893
83038
83188

83258
83330

83385
83501

-Bourns, Inc.

Table 6-3.
CODE
NO. | MANUFACTURER ADDRESS
76536 Cinch City of Industry, Calif,
76834} Oak Mfg, Ceo, Div. of Qak
Electro/Netlcs Corp.  Crystal Lake, Il
77088 | Bendix Corp. . Electrodynamics Div.

‘ Ne, Hollywood, Caltf,
771221 Palnut Co, Mountainside, N,J.
77147 | Patton-MacGuver Co. Providence, R. I,
77221 | Phaostron Instrument and Electronic Co.

South Pasadena, Calif,
772532 th.ladelphxa Steel and Wire Carp.
Philadelphia, Pa.
77342 ] American Machine and Foundry Co.
Fotter and Brumfield Div, Princeton, Ind.
77630} TRW Electronic Components Div.,
. ‘ Camden, N.7,
77764 Resistance Products Co, Harrisbury, Pa.
78188 Illinots Tool Works Inc. Shakeproof Div,
) } Elgin, IlL.
784321 Everlock Chicago, Inc. ' Chicago, {1,
78488 Stackpole Carbon Co. 5t, Marys, Pa,
78525 tanwyck Winding Div, San Fernande
Elestric Mig, Co. Inc. Newburgh, N.Y.
78553 Tinnerman Products, Inc, Cleveland, Onlo|
78584 Stewart Stamping Corp, . Yonkers, N,Y.
75136 Waldes Xohinoor, Inc. L.LC., N.Y.
78307} Whitehead Metals Inc. New York, N.Y.
78727} Continental-Wirt Electronics Corp.
Philadelphia, Pa.
73983 zierick Mig. Co, . Mt. Kisco, N.Y. [
BOO31

Mepco Div, of Sessions Clock Co,

Merristown, N, 7.
. Riverside, Calif,
Howard Industries Div, of Msi Ind. Inc,
' ' ' Racine, Wise,
Grayhill, Inc. La Grange, ILL
International Rectifier Corp, ’
El Segundo, Calif,
Columbus Electronics Corp, Yonkars, N.Y.
Goodyear Sundries & Mechanical Co, Inc.
New York, N.Y.
Alrco Speer Electronic Compdnents
BPu Bois, Pa.
Sylvania Electric Products Inc,
Electrenic Tube Div. Receivmg
Tube Operations Emporium, Pa.
Switcheraft, Inc, Chicage, Il
Metals and Controts Ine, Control
Products Group ttlebore, Mass.
Research Products Corp.  Madison, Wis.
Rotron Inc. Woodstock, N, Y.
Vector Electronic Co. Glendale, Calif,
Carr Fastener Co, Cambridge, Mass.
Victory Englneering Corp,
Sprmgfield N.T.
Benchx Corp, Electric Power Div.,
Eatoantown, N.J.
Herman H., Smith, fne. Brookiyn, N.Y.
C“entral Screw Co, Chicago, Iil,
Gavitt Wire and Cable Div, of
Amerace Esna Corp. Brookfield, Mass,

6-4

Code List of Manufacturers {Continued)

CODE,
NO, MANUFACTURER ADDRESS
83508 | Grant Pulley and Hardware Co,
West Nyack, N. Y.
83594 | Burroughs Corp. Electronic .
Components Div. Plainfield, N.71.
83835 [ U.8. Radium Corp. Morristown, N. 7T,
83877 | Yardeay Laboratories, Inc.
New York, N,Y.
84171 ) Arco Electronics, Inc. Great Neck, N.Y.
84411 | TRW Capacitor Div. Ogallala, Neb,
86684 RCA Corp, Electronic Compenents
Harrison, N. T,
86838 Rumme! Fibre Co, - s Newark, N,7J.
87034 ] Marco & Qak Industries a Div, of Oak
Electro/netics Corp. Anahelm, Calif,
87216 Philco Corp. lansdale Div, lansdale, Pa.
B7385 | Stockwall Rubber Co, Inc.
Philadeiphia, Fa,
87928 | Tower-Olschan Corp, Bridgaport, Conn,
88140 Cutler-Hammer Inc. Power Distribution

83245

0634
90763
81343

91418
91566
91637
g1862
31929

$2825
33332

93419
94144

84154

4222

95263
95334
85712

95987
96791

97464
97702
$8291
98410
98978

99934

Augat, Inc.

and Control Div, Lincoln Plant
Lincoln, Tl
Litton Precision Preducts Inc, USECO
Div, Litten Industries Van Nuys, Calif,
Guiton Indusiries Inc, Metuchen, N.J,
United=Car Inc, Chicago, Il1,
Miller Dial and Nameplate Co, )
El Monta, TAaTit,
Chicago, I,
. Attleboro, Mass,
Dale Electronics, Inc. Columbus, Neb,
Elco Com, | Willow Grove, Pa,
Heneywell Ine, Div, Micro Switch
Freeport, Il
Whitso, Inc. Schiller Pk, , I,
Sylvania Electric Prod, Inc. Semi~
conductor Prod, Div, Woburn, Mass,
Essex Wire Corp., Stemco
Controis Div, Manstield, Chio
Raytheon Co, Components Div,
Ind. Compenents Oper, Qulncy, Mass,
Wagner Electric Corp,
Tung=-3ol Div,

Radic Materials Co,

Livingsten, N.J,
Southeco Ine, Lester, Pa,
Leecraft Mig, Co. Inc, LLC,, N.Y.
Methode Mig. Co. Rolling Meadows, ill.
Bendix Corp. Microwave
Devices Div, -~
Wackesser Co, Inc,
Amphenol Corp. Amphano! :
Controls Div, Tanesville, Wis,
Industrial Retaining Ring Co.
Irvington, N T.
IMC Magnetics Cerp, Eastemn Div,
Westbury. N. Y.
Seslsctro Corp, Mamaronsck, N, Y.
ETC Inc, Cleveland, Chlo
Intemnational Electronic Research Corp, -
Burbank, Calif,
Bosten, Mass,

Franklin, ind,
Chicago, NI,

Renbrandt, Inc,




Table 8-4. Replaceable Parts

~ REF. DESCRIPTION Td MFR. PART NO MER- | p PART NO RS
DESIG. - - - _ . © | CODE :
Al Ampiéf?er Board 1 28480 | 06459-60021
C1 fxd, mylar 0.022uF 200Vdc v | 192p22292 56289 | 0180-0162 1
c2 fxd, mylar 0.1uF 200Vde 3 | 192P10492 56289 | 01580-0168 1
cs fxd, ceramic 0.02uF 2000Vdc 2 28480 | 0180-2569 1
C6 fxd, tantalum {uF 35Vde 2 150D106X8035A2 | 56289 | 0180-0201 1
ca fxd, ceramic 0.015uF 1000V H 28480 | 01602477 1
c10 fxd, tantalum 1uF 35Vdc 1500106X9035A2 | 56289 | 0180-0291
Ci1 fxd, ceramic 0.02uF 2000Vdc 28480 § 0180-2669
C12 fxd, ceramic 0.47uF 25Vde 4 28480 | 0160-0174 1
C15 fxd, tantalum 4.7u4F 38Vdc 4 | 150D475X9035B2 56289 | 0180-0100 1
C16 fxd, ceramic 0.02uF 800Vdc 1 1 841-000-Z5U-2032 - | 72982 | 0150-0024 1
C17 fxd, ceramic 0.01uF 500Vde 4 : , 28480 | 0150-0081 1
c18 fxd, tantalum 4.7uF 35Vdc : 150D475X003582 | 56286 | 0180-0100
-C19 - fxd,.ceramic 0.47uF 25Vdc T {28480 | 01600174
c20 fxd, tantalum 154F 50Vdc 1| 150D156X0050R2 - | 56283 | 0180-1834 1
c21 - iixd, ceramic 0.012F 500Vdce : 28480 1 0150-0081.
c22 .| fxd, mylar 0.224F 80Vde 1. | 192P2248R8 .| 58289 | 0160-2453 1
€23 ~ 7| fxd;tantatum B8uF 18V 7 | 150D686X001582 | 56289 | 0180-1835 2
25 fxd, efect, 200uF 65V 1| . 28480 | 0180-1884 1
C26 fxd, tantalum 4.7uF 35Vdc - 150D475X903582 | 56283 | 0180-0100
c27 fxd, tantalum 68uF 15V 150DBB6X001582 | 56285 | 0180-1835
€28 fxd, tantalum 22uF 35V i | 150D226X0035R2 | 56288 | G1B0-0160 1
C30 fxd, elect. 1uF 5OV . 1| 30D105G050RA2 56283 | 0180-0108 1
c3r fxd, ceramic 0.47uF 25Vde - e 28480 | 0180-0174.
C34,35 fxd, tantalum 68uF 15V 150DE36X001582 | 56285 | ©180-1835
C36 | §xd, mica 30pF 300Vdc 2 | RCMIZE300J3C 00853 | ©£160-2199 i
c3s fxd, mylar 0.12F 200Vde . - 192P10492 55289 | 0160-0168
€33 - fxd, caramic 0.01pF 500Vdce 28480 | 0150-0081
C44,45 fxd, tantalym 68uF 15V . 150D88EX001582 | 65289 | 0180-1835
Ca6 “ixd, mica 30pF 300Vde RDM15E300J3C 00853 | 0160-2199
c48 fxd, mylar 0.14F 200Vde 192P10432 56288 | 0160-0168
C49 fxd, ceramic 0.01uF 500Vde 28480 | 0150-0081"
cs2 | fxd, ceramic 0.47uF 25Vde : 284801 0160-0174
C53 fxd, tantalum 88uF 15V 1 1500686X001582 | 56289 | 0180-1835
C54 fxd, tantatum 4.7uF 35Vde . 1500475X903582 | 58289 | 0180-0100
Cs5 1txd, elect. 1450uF 45V 1 28480.| . 0180-1893
CR1,2,13-16° | Diode, Si. 250mW- 200V 25 28480 | 1801-0033 10
CR19,20 Stabistor "400mW 10V 7 '] 28480 | 1501-0460 6
CR21 Diode, S, 250mW 200V : 28480 | 19010033
CR22 Stabistor 400mW 10V 28480 | 1801.0460
CR2325 Diode, Si. 250mW 200V 28480, 1801-0033
CR26 Stabistor 400mW 10V 28480 § 1501-0450
CR27 Diode, Si. 250mw 200V - 284801 18010033
CR28-33 Rectifier, §i, 200V 1A 10 284801 1901.0327 7
CR34 Diode, $i.250mW 200V 284801 1901.0033
-CR35 ~ | Stabistor 400mW 10V 28480 | . 1901.0480
CR38-41,43, | - R
45-48,50-53 | Diode, Si. 250mW 200V 28480 | 1901.0033
CR54-57 28480

Rectifier, Si. 200V 1A

1901-0327
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REF, MFR.
DESIG. DESCRIPTION t TQ | MFR.PART NO. cope |HPPARTNO.| RS
AICRS5S SCR 600V 2A 1 28480 | 1884.0044 1
CREQ,61 Stabistor 400mW 10V 28480 | 1901-0460
K1 Relay, 4 PDT 1| KHF17D11-24 77342 | 0490-0364 1
Q1 SS NPN Si. 3 28480 | 1854-0744 3
02,3 S5 NPN $i. 2 28480 | 1854-0087 2
04 SS PANP &I, 1 28480 | 1853-0010 i
05 S8 NPN Si, 1 28480 | 1854-0224 1
Q6-8 SS PNP S, 3 28480 | 1853-0041 3
09,10 SSNPN S, 28480 | 1854.0244
at1 Unijunction, Si. §$ 1| 2N2846 04713 | 1855.0010 1
Rt2 fxd, met, film 23k 1% 1/8W 2 | TypeCEATDO 07716 | 0698,3269 1
R6.8 fxd, ww B20 3W TC £30ppm/oC 2 | 242E8215 £8289 | 0813-0010 1
Rg fxd, met. film 6k 1% 1/8W 2 | TypeCEATO 07716 | 0698-3476 1
" Rig fxd, met. film 2k 1% 1/8W . 3 Type CEATO - 07716 | 0757-0283 1
R11 fxd, comp 18k 5% %BW 3| EB-1835 01121 | 0685-1835 1
R12 fxd, comp 3.9k 5% UW 2 | EB-3925 01121 | 0686-3925 i
R13 fxd, met. Hilm 8.2k 1% 1/8W 6 { Type CEATD 07716 | 0698-5087 . 2
R14 fxd, met. film 8.25k 1% 1/8W 5| TypeCEAT-0 07716 | 0757-0441 1
R15 fxd, comp 580 5% “W 1 | EB-5815 ) 01121 | 0686-5615 1
R25 fxd, met, film 160k 1% 1/8BW 1} TypeCEATQ 07718 | 0698-5002 1
R28 fxd, met, film 20.9k 1% %W 1| Type CCAT-G C7718'| 0898-5151 1
R27 fxd, met. film 2k 1% 1/8W Type CEAT-C 07716 | 07570283
R28 fxd, comp 18k 5% %W E8-1835 01121 | 0686-1835
R29 fxd, met. film 8.2k 1% 1/8W Type CEA T-0 07718 | 0698-5087
R30 fxd, met. film B.25k 1% 1/8W Type CEA T-0 07716 | 0757.0441
832,33 | fxd,complk B%UW 5 7.1 EBI025_. . . 01121 | 0688-1025...{ .. 2
R34 fxd, met, film 8.25k 1% 1/8W Type CEATO 07716 | 0757-0441
R37 fxd, met, film 8k 1% 1/8W .| TypeCEATO - 07716 | 0638-3476
‘A38 fxd, met. film 1.68k 1% 1/8W 1| TypeCEATO 07718 | 0698-4428 1
R39 | fxd, comp 1k 5% %W . EB.1025 B 01121 | 0688-1025
R40 fxd, met. film 2k 1% 1/8W Type CEATO 07716 | ©757-0283
R41 fxd, met. film 8.25k 1% 1/8W Type CEATO . 07716 | 0757-0441
R42 fxd, met. film 6.2k 1% 1/8W Type CEA T-0 07716 | 0698-5087
R43 fxd, met. film 23.7k 1% %W 11 Type CECTD 07716 | 0698-3417 1
R44 fxH, comp 1.3k 5% %W 2 | EB-1325 01121 | 06861325 1
R45 fxd, comp 36k 5% uUW 1| EB.3835 01121 | 0686-3635 1
R45 fxd, comp 39k 5% %W 2 | EB-393%5 01121 | 0586-3935 1
R48 var. ww 15k 5% Single-Turn 31 TypeCT-100-4 07716 | 2100-0896 1
R49 fxd, comp 3.9k 5% KW . E8.3925 01121 | 0586-3925
RS0 fxd, comp 43k 5% %W 2 | EB4333 01121 | 0686-4335 1
R&1 fxd, comp 380 5% %W 1] EB-391% 01121 | 0686-3915 1
R52 fxd, comp 120 5% W 1 EB-1215 01121 0686-1215 " 1
R53 fxd, comp 2k 5% UW - 3 3] E8.2025 01121 | 0686-2025 1
R54 . fxd, comp 100 5% %W 11 e81015 0121 | 08868-1015 1
R55 fxd, met. film 6.2k 1% 1/8W Type CEA T-0 07716 | 0638-5087
R56 fxd, comp 1k 5% %W o £8-1025 01121 | 0686-1025
R57 fxd, comp 39k 5% %W £8-3935 01121 | 0686-3935
RED fxd, ww 2.7 5% 2W 11 Type BWH 07716 | 08111671 1
R&1 fxd, comp 2.4k 5% %W 11 EB2425 01121 | 06862425 1
R&2 fxd, comp 1.5k 5% %W 1| EB.1525 01121 | 0686-1525 1
R63 fxd, comp 1.8k 5% %W 1 01121 | 0686-1826 1

£B-1825

tNOTE: Allresistors are in ohrms unless otherwise indicated,
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REF. MFR.
DESIG. DESCRIPTION® TQ MFR. PART NO. CODE HP ?ART NO. RS
A1R84 fxd, met, film 12k 1% 1/8W 3 Type CEAT-O 07716 | 0638-5088 1
R&5 fxd, met. film 8.25k 1% 1/8W Type CEAT-O 07716 | 0757-0441
R&66 fxd, ww B34 1% %W TC 220ppm/oC H 28480 | 0811-16834 1.
R&7 fxd, comp 10 5% %BW 1 EB-1005 01121 (686-1005 1
© R68 fxd, comp 470 5% %W 1 £8-4715 pg112s 0686-4715 1
R&g fxd, met. film 12k 1% 1/8W Type CEAT-O 07716 | 0898-50488
R70.71 - - fxd, met. film 8.2k 1% 1/8W Type CEAT-0 Q77186 | 0698.5087
R75 fxd, comp 1.3k 5% AW EB-1325 01121 0686-1325
R75 fxd, met. oxide 5.1k 5% 2W 1 Type C425 16299 | C698-3544 1
R?7 fxd, comp 2.7k 5% %W i EB.2725 01121 0686-2725 1
R78 fxd, comp 180 5% “BW 1 EB-1815 01121 | 0686-1815 1
R79 fxd, comp 820 5% BW 1 EB-B215 1121 | 0686-6215 1
RGO fxd, comp 10k 5% %W 1 EB-1038 01121 0636-1035 1
RE3 fxd, comp 30k 5% AW . 2 | EB-3035 . 01121 § 0688-3035 1
R84 fxd; comp 15k 5% W . 1 | EB-1535 oA 0686-1535 1
- R85 fxd, comp 43k B% %W 1 EB-4335 o121 ‘0686—4335 1
R86 fxd, met. oxide 27k 5% 2W 2 | Type(C428 16298 | 0764.0007 ]
R80§.918 fxd, met. oxide 22 5% 2W- 4 Tyne C428 16299 0698-3609 1
R92,93 } fxd, met. filsh 9.08k 1% 1/8W 4 Type CEAT-Q 07718 | 0757-0288 1
R94,95 fxd, met, film 7.5k 1% 1/8W 4 | TypeCEATO 07718 | Q757-0440 1
ROG fxd, comp 1k 5% AW £8.-1025 011271 | 0686-1025
R98 { fxd, comp 330 5% %W 2 EB-3315 01121 | 06856-3315 1
RG8 | fxd, comp 75k 5% %W 2 | EB.7535 01121 § 0688-7535 1
R100 fxd, met. film 15k 1% 1/8W 2 | TypeCEA T 07716 | 0757.0446 1
R1O1 fxd, comp 1 Meg 5% “W y) EB-1085 _ 01121 06886-1055 1
R102 . | var.ww 15k 5% Single-Turn | TypeCT-100-4 °~ i 07718 | 2100-0896
"R110§,1118 | fxd, met. oxide 22 5% 2W " TypeC428 162891 0698-3609"
R112,113 fxd, met. film 9.09k 1% 1/8W Type CEA T-0 07716 | 07570288
R114, 115 fxd, met, film 7.5k 1% 1/8W Type CEA T-0 07716 | 0757-0440
R116 txd, comp 1k 5% %KW EB-1025 61121 | 0688-1025
R118 1 #xd, comp 330 5% LW EB-3315 01121-| 0686-3315
~ R11g § fxd, comp 75k B% kW £B.7535 . 01121 | 0686.7535
" R120 . fxd, met. film 18k 1% 1/8W Type CEA T-0 07716 | 0757-0448
- R121 | fxd, comp 1 Meg 5% W EB-105% 01121 1 0688-1055
rR122 - | var. ww 15k 5% Single-Turn Type CT-100-4 07718 | 2100.0896
R125,126, | fxd, comp2k B% %W £B-2025 01121 | 0688-2025
R127 't fxd, met. film 12k 1% 1/8W Type CEA T-0 07716 -| 0698-5088
R128 fxd, comp 100k 5% WW. 1 E8.1045 01121 | 0686-1045 1
R129 fxd, comp 1k 5% %W E8.1025 : 01121 { 0686-1025
R130 “fxd, met. fitm 4.32k 1% 1/8W 1.1 TypeCEAT-O’ 07716 | 0757-0436 1
R131 | var.ww 2k 5% Single-Turn 1 Type CT-100-4 07718 | 2100-1428 i
R133,134 fxd, ww 400 5% 10W TC £30ppm7CC| 2 | 247E4015 56289 | 0811-0842 1
R135 1 fxd, comp 750 5% %W - 1 | EB-7515 01121 | 0686-7515 1
R138 fxd, comp 30k 5% %W EB.3038 01121 | 0886-3035
R137 fxd, met. oxide 620 5% 2W 1 Type £425 16299 | 0784-0063 1
R138 | txd, ww 7.5 B% 2W 1 | ‘Type BWH 07716 | 08112553 1
R132 : fxd,‘comp 16 5% %W 1.1 EB.1605 ) oy 0698-3561 i
R141 . | var.ww 5300 5% Single-Turn 1 Type CT-1004 G7716 | 2100-0898 H
R142 fxd, met. film 42.2 1% 1/8W 1| TypeCEATD 07718 | 0757-0318 1
R143 Thermistér, disc, 64 10% 1} LBigN 15801 | 0837-0023 1
tNOTE:  Allresistors arg in‘ohms unless otherwise indicated.

§NOTE:r Thesz components are applicable te Options 001 and 002, Comporents may chénge for Op‘;ibﬂs 003,'031, _and'

032, See applicable Option at rear of Table,
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REF. : MFR,
DESIG. DESCRIPTIONY TQ MFR.FART NO. CODE HPF PART NO. RS
ATR 144 var. ww 500 10% Single-Turn 1| Type110-F4 11238 | 2100-0328 1
R145 fxd, met. oxide 27k 5% 2W ‘ Type €425 16289 0784-0007 1
T6 Transformer, Powsr 1 28480 | 5080-7158 1
U1,2.- Dual Differential Amptitfier 2 CA3026 02735 | 1820-024C 2
U3-5 Operational Amplifier - 3 LMI0TA 067014 1820-0223 2
VRI Diode, zener 4.22V 5% 400mW 1 28480 1902-3070 1
VA2 Dicde, zener 6.8V 400mW 1 . 28480 { 1802-0048 1
VR3 Diode, zener 8.2V 5% 400mW -3 1N821 04713 1 1802.0761. 3
VR4 Diade, zener 16.2V 5% 400mW 1 28480 | - 1802-0184 1
VRS Diode, zener 6.2V 5% 250mW- 1 28480 | 1902-1223 1
VRE,7" Diade, zener 6.2V 5% 400mW ' 1NB21 04713 | 19020761
VRS Diode, zener 12.4V 5% 400mW 1 28480 | 1502-3185 1
VR10 Diode, zener 6.18V 5% 400mwW 1 28480 | 1802-C04¢ 1
A2 Firing Circuits Board - 1 28480 |- 5060-7918
C1 fxd, mylar 0.033uF £10% 200Vde 3 182P33392 5628% | 0160-0163 1
Cc2 fxd, elect, BuF 65V 3 ‘ 28480 ¢ (180-1836 1
C3 fxd, tantalum 1uF 30V 3 28480 | GIB0-1880 1
C4 fxd, mylar 0.22uF £10% 80Vdce 3 192P2249R8 55289 Gi60-2483 1
cs fxd, tantalum 3.3uF 50V 3 1500335X905082 56289 | ©180-2141 1
C1t fxd, mylar 0.033uF £10% 200Vdc 192P33392 56283 | 01680.0183
C12 fxd, elect, BuF 65V 284801 0180-1836
€13 fxd, tantalum JuF 35V 1 28480 | 0180-1880
C14 fxd, mylar 0.22uF £10% BOVdc 192P2243R8 562891 0160-2453
~C15 - - fxditantalum-3.3uF-BOV - - 156D336X265082 | 56289.{- 01802141 |
C21 fxd, mylar 0.033uF £10% 200Vdc 192P33392 56288 | 0160-0163
cz22 fxd, elect. BuF 55V 28480 § 0180-1836
C23 Fxd, tantaium 1aF 35V ‘ 28480 | 018C-1880 -
c24 fxd, mylar 0.22uF £10% 80Vdc 192P2243R8 56289 | 0160-2453
Cc2s fxd, tantatum 3.3uF 50V 1500335X805082 56289 | 0180-2141
CR1,2 _Diode, Si. 200mA 75V 6 28480 | 1901-0050 4]
CR3 Diode, 5i. 250mW 200V .8 2B4BG | 180G1-0033 g
CR4 Stabistor 400mW 10V g 28480 | 1801-0460 5]
CRS Diode, §i. 2560mW 200V 28480 | 1901-0033
CR8&.7 Stabistor 400mW 10V 28480 | 1801-0460
CR11,12 Diode, Si. 200mA 75V 28480 1 1901-0080
CR13 Diode, Si. 250mW 200V 2848C | 1901-0033
CR14 Stabistor 400mW 10V 28480 1 1901-0480
CR15 Diode, 81, 250mW 200V 28480 | 1901-0033
CR16,17 Stabistor 400mW 10V 28480 | 1801.0450
. CR21,22 Dicde, 81, 200mA 75V 28480 § 1901.0050
CR23 Diode, S1. 250mW 200V 28480 | 1901-0033
CRrR24 Stabistor 4COmW 10V 284801 19801-046C
CR25 Diode, Si. 250mW 200V . 28480 { 1901.0033
CR26,27 Stabistor 400mW 10V 78480 1 19010460 .
J3 ‘Connector, P.C. Board 44-pin 251-22-30-380 71785 | 1251-0495
a1-3 S8 PNP Si. 28480 | 18530041 3
R1 f fxd, comp 510 5% %W 3 EB-5115 01121 0688-5115 1

TNOTE: Al resistors are in ohms unless otherwise indicated.
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REF. : . MFR.
DESIG. DESCRIPTIONT T(? MFI:'%.V?AF\‘T N_Q..  CODE HP PART NO. RS
AZR2Z fxd, comp 2.4k 5% W 3 EB-2425 c1i2 0686-242% 1
R3 fxd, comp 240 5% %W 3 | EB-2415 o112t ] 06852415 1
R4 fxd, comp 1.8k 5% %W 3 EB-1825 g1121 0686-1825 1
RS fxd, comp 5.1k 5% %W 3 | EB-5125 T 01121 ] 06865125 1
RS fxd, coma 3k 5% “WW 3 EB-3025 Glizt 0686-3025 1
R7 fxd, met. film 8.09k 1% 1/8W 3 Type CEAT-0 07716 | 0Q757.0288 1
R11 fxd, comp 510 5% %W - EB-6113 01121} 06886-5115
R12 fxd, comp 2.4k 5% %W EB-2425 o1 0686-2425
R13 fxd, comp 240 5% %BW EB-2415 01121 | 0686-2415
R14 fxd, comp 1.8k 5% UW EB-1825 01121 06861825
R15 fxd, comp 5.1k 5% “W E8-5125 01121 { CE86-5125 -
R15 't fxd, comp 3k 5% KW EB-3025 01121 ] 0686-3025
R17 fxd, met. film 9.09k 1% 1/8W Type CEAT-0 07716 | 0757-0288
R21 fxd, comp 510 5% 1LW EB-5115 - 01121 06885115
R22 fxd, comp 2.4k 5% LW £B.2425 Q11211 0688-2425
R23 fxd, comp 240 5% %W EB-2415 g1i21 | 0686-2415
R24 - txd, comp 1.8k §% %W EB-1825 01121 0686-1825
R25 ixd, comp 5.1k 5% %W EB-5125 01121 | 0686-5125
R28 fxd, comp 3k 5% %W EB-3025 01121 0686-3025
R27 fxd, met, film 9.09k 1% 1/8W | Type CEATD Q7718 | 0757-0288
R28 fxd, comp 3%k 5% %BW 1 EB-3935 01121} 0686-3935 1
R29 fxd, comp 100 5% %W 1 EB-1013 011214 0686-1015 1
R3G fxd, comp 1k 5% %W H EB-1025 01121] O0688-10%5 1
T7-9° Ttansformer, Power 3 ' 284380 5080-7197 1
TB1,2 | Terminal Block v oo o 2 b . 28480} 0360-1674 1
A3 Control Board ) 1 284801 5060.7918
Ci-3 fxd, ceramic 0,02uF +20% 2000Vdc g 28480 | 0160-2568 2
Cio- txd, ceramic 0.05uF £20% 400Vdc 1 28480 | 0150-0052 1
J1 Connector, P.C, Board 44-pin 1 | 251.22.30-390 - 71785 | 1251.0495 1
K2 Contactor 1 . 28480 0490-0967 1
L1-3 § Inductor, Line 3| 28480 | 5080-7153 1
R1-3§ fxd, met, oxide 56 5% 2W 2 Type C425 16289 0764-0013 1
R4 fxd, comp 30k 5% %W 1 EB-3035 01121 ] 0886-3035 v
RS fxd, comp 3.3 £% BWW 1 EB-33G5 011211 0686-0335 1
RV1 Varistor 300V 1 28480 | 0837-0073 1
T1-3 § Transfarmer, Bias 1 . 284801 5080-7155 1
710,11 Transformer, Power 2 284801 5080-7131 1
- Front Panel Assembly — Electrical
DSt {ndicator Light ~LINE ON 1 284801 1450.0419 1
£s2 Indicator Light, Overcusrent Protect 1 28480:f 1450-0708 1
D33 Indicator Light, Temperature 1 284801 1450-0350 i
M1 Voltmeter, 40V 1 28480 | 1120-1352 1
M2 Ammeter, 350A 1 28480 1§ 1120-1358 1
/1 var, ww 10k B% Coarse Voltage Adj 1 28480 | 2100-1854 1
R2,2 var. ww 300 5% Fine Voltage and o
Fine Current Adjust 2 28480 |. 2100-1848 1
tNOTE:  All resistors are in ochms unless otherwise indicated.
§NOTE:

* These components are applicable to Options 001 a'“ad 092. Components rnay change for Optlons {303 031, and
0132, See applicable Option at rear of Table, .
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Fuse Holder, F4-F8

REF, MFR. .
DESIG. DESCRIPTIONt TQ | MFR.PART NO. CODE HP PART NO. RS
Front Panel Assembly {Continysd) .
R4 var. ww Tk 5% Coarse Current Adjust H 28480 | 2100-184a7 1
at Switch, Toggle, DPST 1 2GKEQ-73XSV1 73559 | 3101-09486 1
Rear Panel Assembly — Electrical -
F4-6 | Fuse, 0.3A 600V 3 ) 28480 | 2110-0388 15
F F7§88% Fuse, LEA BOOV 2 28480 ¢ 2110-0401 10
OutpL}t Capacitor Tray — Electrical
C1-16 - fxd, elect. 40,000uF 50Vde 16 28480 ¢ 0180-1931 4
Main Frame — Electrical :
B1 Fan 1 - 28480 | 31500240 1
C17 .. fxd, mylar 3uF 200V 1 118P3059254 ‘56289 1 01802468 1
CR i-S & Rect. 3i. B0V 100A 3 25480 1801-1048 3
CR4-6 § SCR 800V 10W 3 28480 ; 1884-0092 3
CR7-12 Diode, 5i. 500V 53A B - 28480 | 18010337 B
F1-3 § . Fuse, 70A BOOV 3 28480 § 2110-0392 15
L1 Choke 1 28480 | 084539-80008 1
R& fxd, cupron 0.308 TC £20pom, .
Currznt Sampling 1 28480 | 5080-7159 . 1
R9-18 fxd, ww 0.33 5% 40W 8 28480 | 0811.1853 Zz
T4 § Transformer, Power 1 28480 | 06463-80085 1
15 § Transformer, Power 1 28480 | 5080-7154 1
TC1 § -Switch, Thermal 1 28480} 31030012 1
MECHANICAL
Al Amplifier Board
Bumper, Rubber, §-32 Thread 1 28480 | 0403-0088 i
Socket Relay, 14 Terminal, K1 1 27E0Q07 77342 ! 0490.0402 1
Heat Sink, A1Q5 1 ' 28480 | 50006025 1
Card Extractor 2 _ 28480 | 5020-2045 1
Rolpin, Extractor 2| 52:012.062-0250 72982 | 1480-0059 1
A2 Firing Board _ ' o
Socket, Transistor 3| 053305 91662 | 12000708 1
o A3 Control Board - S .
Spacer #10 x 375 61 9319-A-184-0 06540 | 0380-0471 2
Standoff 10-32 x 1.000 6 | 9758-A.1032-0 06540 | 0380-0728 2
Front Panel Assembly B .
| Knob, Black (R1-R4) 4 128480 | 0370-0026 1
Spring, Meter (M1 M2) 8 28480 | 1460-0256 2
Bezel, Meter {M1,M2) 2 28480 1 4040-0287 1
Hinge, Front Panai, Left 1 28480 | 5000-6280
| Hinge, Front Pane!, Right 1 28480 | 5000-6281
Rear Panet Assembly ‘
Cable Clamp 1 28480 | 0100-0407 1
i 8 28480 | 2110-0387 1

tNOTE: Al reéistcrs are in ohms unless otherwise indicated.

E§NOTE:  Thesa components sre appticable to Options 001 and 002,

032. See applicabie Option at rzar of Table,

8-1¢

Components may change for Options 003, 031, and



REF. ., | MeR.
DESIG. _ DESCRIPTION TQ | MFR.PART NO. cope |HPPARTNO. | RS
Rear Panel Assembly {Continued)
Panel, Rear ) 1 28480 | 5000-6282
AC Terminal Board, TB1 1 28480 | 0350-1663
Bracket, TB1 1 28480 | 5000-6283 -
Mounting Plate, T81 T 28480 | 5000-6284
Output Capacitor Tray
Tray, Capacitor {C1-C18) 1 . 28480 | 5000-6285
Cover, Capacitor Tray 1. 28480 | 5000.6288
Busbar, +Cutput 1 28480 | 5020-8042
Bushar, Choke 1 28480 | 5020-8041
Busbar, ~Output 1. 28480 | 5020-8043
Pan, Bottom, Right e 28480 | 5000-6281
Bracket, Capacitor Tray 1 28480 | 5000-6299
| Clamp, Capacitor (C1-C16}) 1 - 28480 | 0160-2590 1
- Spacer, Busbar 12 28480 | 5020-8011
Busbar, Cap 8. 28480 | 5020-8009
Busbar, Resistor - 1. 28480 | 5020-8010
Main Frame Assambly : - - ‘
Eye Bolt 2 ‘28480 | 0570-1101
Screw, Socket Heat % - 10 8 28480 | 3030-037C
Pan, Bottom, Left 1 28480 | 5000-6290
Past, Corner, Frame 4 28480 { 5020-8021
Bar, Frame 4 28480 | 5020-8022
Tray Assembly, Meat Sink B 28480 1 06468-80007
Heat Sink; Rectitier (CR7-CR3) |- t-} - 28480 | 5020-8012
Heat Sink, Rectifier (CR10) ! 28480 | 5020-8013
Heat Sink, Rectifier {CR11) 1 28480 | 50208014
Heat Sink, Rectifier {CR12) 1 28480°] 5020-8015
Bracket, Heat Sink 1 28480 | 5000-6287
Jdnsulator, Heat Sink 4 28480 | 5020-8035
Insulatar 20 28480 | 03400172 4
Shoulder Washer 12 - 28488 1800491 3
Bracket, Heat Sink T - 28480 | 5000-6288
Bushar, Rectifier 1. 28480 |. 5020-8018
Spacer, Rectifier 1. 28480 | 06469-20016 -
_Support, Heat Sink 11 28480 | -5020-8045
Bushing , 6 28480 | 0340-0188
- Tray Assembly, P.C. Board . 1 28480 | 5060-7923
Standoff, P.C. Boards 32 x % 7 | 2322 83330 | 0380-0093
Standoff, P.C, Boards 32 x 1 .3 | '9758-A-1032.0 . 06540 | 0380-0728
- Rubber Grommet 7/8 dia. 3 2187 83330 | 0400-0063
" Rubber Grommet % dia. 2| 2178 83330 | 0400-0077
- Guide, P.C. Boards, A1-A3 10 28480 | 0403-0150
Tray -1 28480 1 5000-8289
Heat Sink, SCR, CR1-CRS 3 28480 | 5020-8017
© Insulzator, Heat Sink 1 28480 | 5020-8018 -
Insulator, Heat Sink 1 28480 | 5020-801%9
Insulator, Heat Sink 1 28480 | 5020-8020
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REE, MER.
DES|G. DESCRIPTIONTt TQ MFR, PART NO. CODE HP PART NO. RS
MISCELLANEQUS MECHANICAL
Spacer,8-32 x % 4 2327 83330 0380-0138
Cable Clamp 4 748 79307 1400-0332 i
Air Filter, Front Panel 1 28480 ¢ 31850-0217
Fuse Block § 1 284801 2110-0393
Cover, Top 1 284801 5000-6292
Cover, Side 2 28480 | 5000.6293
Bottom, Front Pane! i 28480 ] 85000-8294
Bottom, Rear Panel 1 28480 | B00C-6285
Bracket, Fiiter 2 28480 | 5000-6296
Bracket, Fan, B1 1 284801 BO00-8297
Bracket, Fan, B1 1 28480 | 5000-6298
Cover, Qutput Bushars 1 28480 | 5000.8300
Hinge, Mounting Bracket 1 . 28480 1 5000-9301
Hinge, Mounting Bracket 1 284801 5000-9302
Trim Strip , 4 28480 | 5000-9319
Cover, Barrier Strip, A2TB1,A2T82 1 284801 B000-8320
Bracket, Fan, B1 1 28480 5000-9321
Cever, P.C. Board Protection 1 28430 | 5000-9322 -
MISCELLANEQUS
Carton, Packing 1 28480 9211-1188 -
Base, Wood, Skid 1 284801 9220-1407
Floater, To_p 1 28480 8220-1408
§ OPTION 001 — 208Vac loput |
See Pages 6-5 threugh 6-12
§ OPTION 002 — 230Vac tnput
See Pages 6-5 through 6-12
§ CPTION 003 — 480Vac input
Al Amplifier Board 1 , 28480 | 06469-60024
R46,50 fxd, comp 18k 5% %W 2 | EB-1835 01121| 0686-1835 1
R90381,110,411 | fxd, met. oxide 43 5% 2W 4 Type C428 16289 0698-3614 1
A3 ' Control Board R 28480 5060-7919
L1-i.3 Inductor 3 ‘ 23480 &5080-7158 1
R1-R3 fxd, met. oxide 100 5% 2W 3 Type €428 16299 $698-3620 1
. Main Frame.— Electrical '
F1-F3 Fuse, BOA 500V 3 284801 - 2110-0391 15
T4 Transformer, Power 1l 28480 08469-B0087 1
TCH Switch, Thermal 1 284807 23103-0G14 1
Rear Panel — Electrical _ '
F7.8 Fuse, 0.6A 800V 2 284801 2110-0402 10
Frame - Mechanical
Fuse Biock 1 284801 2110-0396 1

tNOTE:  All resistors are in chms unless otherwise indicated.

§NOTE: These components are applicable to Options 001 and 002, Components may change for Options 003, 031, and
032, See applicable Option 2t rear of Table.
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REF. MFA.
DESIG. Descmplruou + TO MFR.PART NO. cope | HP PARTNO. | RS
OPTION 006 — Overvoltage Crowbar
A2 Firing Circuit Board 1 28480 | 06469.680023
c27 fxd, elect, 490uF 85V 1 28480 | 0180-1888 1
€30 fxd, ceramic 0.47uF 25V 1 28480 | 0160-0174 1
C32 fud, ceramic 51CpF 00V 1 28480 | 0140-0047 1
CR30-33 Diode, Si. G.75A 200prv 4 28480 | 1901-0327. 4
CR34,35 Diods, $i. 180V 200prv -2 28480 | 15010033 2
CR36 SCR 600V 2A 1 28480 | 1884.0044 1
Qa7 SSPNPSI. . 1 28480 | 1853-0041 "
‘08 S5 PNP Si. 1 128480 { 1853-009¢ 1
Q9 Power NPN §i, 1 28480 | 1854.0224 1
Q10 SS NPN Si. 1 28480 | 1854-0244 1
R32 fxd, comp 75 5% “W 17 | EB.7505 01121 | 0688-7508 1
R33 xd, comp 130 5% %W -1 | EB-1315 01121 | 0886-1315 1
R34,35 fxd, comp 1.5k 5% %W 3 | EB.1528 01121 | 0686-1525 1
R36 fxd, comp 2% 5% %W 4 | EB-2025 101121 | 0886.2025 1
R37 fxd, comp 470 5% %W 1 | EB-4715 01121 | 06854715 - 1
R38 fxd, comp 2k 5% %W | EB.2025 01121 | 0685-2025
R41,42 fxd, met, oxide 43 5% 2W 1 2 | TypeC42s 16289 | 0698-3614 1
R43 fxd, comp 1k 5% %KW 1 | EB-1025 01121 { 0686-1025 1
R44 fxd, ww 1.3k 5% 3w 1 28480 1 0871-1803 1
R45,46 -~ - fxd, comp 2k 5% %W ‘ £8-2025 01121 | 0886-2025
R&0 fxd, comg 1.5k 5% KW EB.1525 01121 | 0686-1528
R51,52 fxd, comp 300 5% “WW 3 | EB-3015 . 01121 | 0685-3015 1
R53 fxd, comp 750 5% WW 1 | EB.7515 . 01121 | 0686-7515, 1
RS54 xd, comp 300 5% "W T1EBA3GTE. T T T o1z | 0696-3015
VR11 Diode, zener 6.18V 5% 40CmW 1 28480 | 1802-0048 1
Main Frame - Efectrical
CR37,38 SCR 2 28480 | 1884-0040 2
DS4 - Indicatar Light . 1 28430 | 1450-0708 1
R5 var. ww 1k 1, 28480 1 2100-1847 1
R47.48 Cupron 2 28480 | 064/9-80004 1
T12 Transformer, Crowbar -1 78480 | 5080-7177 1
OPTION 023 — Rack Mounting Kit
Nut, Retainer 12 28480} 0550-0789
Ear, Rack Mounting 2 28480 | 5020-8037
. § OPTICN 031 ~ 380Vac Input
Al Amplifier Board 11 28480 | 06489-80025
RE081,710,111" | fxd, ww 39 5% 2W 4 | Type BWH 07716 | 0811.2244 1
A3 Control Board 1 28480 | 5060-7936
L1-3 Inductor ) 3. 28480 | 5080-7156 1
_ R1-3 fxd, met. oxide 100 5% 2W 3 | TypeC42S 16299 | 0698-3620 1
- Transformer, Bias 3 | 28480 | 6080-7179 1
Main Frame — Electrical . '
CR3-3 Dicde, Si. 1000V 100A 3 28480 | 1901-3047 3
CR4-6 SCR 1000V §5A 3 28480 | 1884.0083 3
TNOTE: Al resistors are in chms unless otherwise Indicsted,
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ngiz. DESCRIPTION TOQ MFR. PART NO. g:)FDRE HP PART NO. RS
OPTICN 031 {Continued)}
F1-3 Fuse, 80A 8OOV 3 28480 2110-0391 15
T4 Transformer, Power 1 28480 | 0646%-80006 1
75 Transformer, Fan 1 284801 5080-7178 1
Rear Panei — Electrical
F7.,8 Fuse, 0.6A 500V 2 284801 2110-0402 10
Frame — Mechanical
Fuse Block 1 12848011 2110-0395 1

§ OPTION 032 — 400Vac Input

| Same as Option 031 Above

E]
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: : SECTION Vit
CIRCUIT DIAGRAMS AND COMPONENT LOCATION DIAGRAMS

This section containg the ¢lrcuit diagrams necessary for the .. b. Firing circuit waveforms {Figure 7.5}, showing the

operation and maintenance of this power supply. Included waveforms found at various peints in the firing cireuit,

are: , ¢. Schematic diagram (Figure 7-7}, illustrating the cir-
a. Component location photographs {Figures 7-1 © cuitry for the entire power supply, Voltages are given adja-

through 7-b}, showing the physical location and reference cent to test points, which are identified by encircled num-

Besignators of parts mounted on the printed circuit boards. bers on the schematic.

and chassis. : ‘ -
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Figure 7-3. A3 Control Board, Component Location
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NOTE: FINNED HEAT SINK USED
ON LOWER VOLTAGE
MODELS, BUT piopes

ARE [DENTICALLY
POSITIONED,

55 NOTE: BUS BARS Ame MOUNTED
Y DIFFERENTLY ON LOWER
-VOLTAGE MoDELS,

7 QUTPUT CAPACITORS
5T (LOCATED ON QTHER SIBE)

NOTE: THIS PHOTO APPLIES DIRECTLY To THE HIGHER VOLTAGE MODELS
‘ OF THE SCR-10 SERIES, FOR LOWER VOLTAGE MODELS (6464C, 8466¢C

AND 6469C) . COMPONENT LOCATIONS (AREIDENTICAL, BUT THE -
PHYSICAL APPEARANCE OF THE UNIT VARIES SLIGHTLY,

Figure 7-4. Chassis, Side View, Component Location
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P.C. Board and Component Location

Figure 7.5. Top View
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MEASUREMENT CONDITIONS

1. ALL MEASUREMENTS  REFERENCED TO CIRCUIT COMMON ETERMINAL AT} UNLESS OTHERWISE

INTICATED,
2, AMPLITUDES ARE TYPICAL $10%

3. OSC{LLGSCOPE DC COuUPLED, HORIZONTEL PS.RIOD 15 2 MILLISECONDS/ CM.

4. WAVEFORMS TAKEN WITH LGOP OP£N ANQ NO LOAD CONNECTED EXCEPT FOR BCT?OM
T‘\HG !:‘AV'-‘FO’MS -'

FIRING
POINT

 TP22, 23, 0R 24
- - (01,Q2, OR Q3 GFF)

TP22, 23, 0R 24
{01, @2, OR 43 O}

LR - FIRING
POINT

TP25, 26, OR 27
(01,02, 08 a3 OFF)

TP22,23, OR 24
CLOSED LOOP, FULL LOAD

TP25,26,0R 27
{Q1, G2, 0R Q3 ON}

TP26,26 OR 27
CLOSED LOCP, FULL LOAD

Figure 7-6. Firing Gircuit Waveforms
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APPENDIX A~
Option 806, Overvoltage Protection Crowbar

DESCRIPTION :

This option is instailed and tested at the factory. It is
applicable to Models 8468C, 6469C, 8472C, 6475C, 6477C,
6473C, and 6483C. Option 008 consists of components
mounted bath on the power supply chassis and on the firing
board, A2. A front panel control {CROWBAR ADJUST)} is -
provided 1o saf the trip level and, in addition, 2 lamp
ICROWBARY) is included to indicate that the crowbar circuit
has fired. -

NOTE

If the crowbar circuit fires, both the CROWBAR
lamp and the OVERCURRENT PROTECT
famps on the front panel will light. {Refer to
Oversll Troubleshooting Tree, Figure 58.}

The crowbar circuit, Figure A-1, manitors the output
pitage of the supply {across the +5 terminal and the -QUT
Jus) and fires an SCR {or two SCR's depanding upon the
current rating of the supply} that effectively shorts the out-
put if the preset trip voltage is exceeded. The trip voltage is
determined by the setting of the CROWZAR ADJUST con-
trol {R5) on the front panel. The trip veltage range is as fol-

lows: _
Model Trin Voltage Range {Approximate}
6455C 820V

18--40V

£8465C

A

8472C 32-70V

B475C 55120V
6477C 110240V
6479C 150~330V
6483C 300660V

To prevent transients from falsely tripping the crow-
bar, the trip voltage must be set higher than the power sup-
ply output voltage by a margin of 10% of the output voltage,
Tha margin represents the minimum crowbar trip setting for
a given output voltage; the trip voltage can always be set
higher than this margin.

OPERATION

1. Turn the CROWBAR ADJMJST fully clockwise to
set the trip voltage to maximum.

2. Set the power supply VOLTAGE contro!l for the
desired crowbar trip voltage. To prevent false crowbar

tripping, the trip voltage should exceed the desired cuiput
voltage by 10%. . S _

3. Slowly turn the CROWBAR ADJUST cow until the
crowbar trips: the CROWBAR and CVERCURRENT PRC-
TECT lights come on and the output falls to near C volts.

4, The crowbar remains activated and input powet.is
remaved from the supply untii it is reset. To reset, turn the
supply off, wait three seconds, and then turn on the supply.

REPLACEABLE PARTS

LAl of the crowbar ¢ircuit components are shown on
Figure A-1 and listed in Table 8-4 under Option 0086,
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Co page 6-12,

MANUAL CHANGES
Mcdel 6L469C DC Power Supply
Manual HP P/N C6459-90002

12/19/8%

Hdake 21l corrections in the manual according to errata below, then check the following table
for your power supply serial number and enter any listed changes(s) in the manual.

- SERIAL | MAXE |
[mmmm e | CHANGES |
| Prefix | HNumber f ]
| -eemmnnss [ -mmmm e |=-mmees 1
| All i - |  Erratal
| 11254 | oo106-00123 | 1,10 |
11254 - | ooizk-o0132 | 1,2,10 |
] 11254 | 00133-0014bh f1,2,3,10 | -
f-112%4 | 0o1ks-00175 | 1-k,10 |

~{ 11254 | 00176-00179 | 1-5,10 |

-} 11254 | 00186-0c300 | 1-6,10 |
} 11254 | 00301-00376 | 1-7,10 |
} 11254 | 00377-00689 | 1-8,10 |
| 23294 | 00690-00886 | 1-9,10 |

| e61ka | 00887-up | 1-9,11 |

| : | i -

| | ! ]

| f. f N
ERRATA:

~In the replaceable parts table and on the
ichematic as applicable, make the followxng
changes:

Under Hain Frame ~ Electrical,

R6: Change RE to 0.0000 to +/- 20ppm_

R9-R16: Change RG-R16 to 1.3 ohm, LO W HP
P/¥ 0811-1556. Under Amplifier Board A1,
R13i: Change R131 to HP P/N 2100-177h. On
page 6-12, under Option 003, add the follow-
ing parts: CR1-3; Diode, Si. 1000V 1004; HP
P/N 1901-104T.

' CHANGE 1:
In the replaceable parts table and on the
schematic applicable, make the following
changes: Under Amplifier Board Al: Change
A1RI27 to 27.kE, 1/8 W, EP P/H 0757-0h52.
Under Control Board A3: Change A3TL0 and
A3T11 to HP P/N 5080-T187.
- Electrical: C18: Add C1B, .02 microfarad,
2k V, HP P/N 0160-2569. On the schematic C18
is connected between the -OUT buss and the
chassis. R17: Change R17 to 1.8 ohm, 2W, HP
P/N 0811-1669, Under Firing Circuits - Board
AZ:  A2C33: Add  A2C33, S1o0pf, EHP P/N
01%0-0047. On the Crowbar Schematic. A2C33
is connected between the -OUT buss and the

base of Q10.

edd the following changes for
“Cption 005, 50Hz operation. OPTION 005

=50Hz Imput

© . 0686-2015.

Tnder Main Frame

AIRG1L and Al1R111l: AlRS1 and AlRLI1 are

deleted and Jjumpers installed. AIR12T:
Change Al1R127 +to U0.2k, 1/4 W, HP PB/N
0698-3218. .

CHANGE 2:

In the replaceable parts table and on the
schematic as applicable, npake the following
changes: Under Amplifier Board A1, AlC2:
Delete A1C2 and add a jumper. ALCR12: Delete

A1CR12, A1RI2: Change AlR12 to 8.2 k ohnm
+/-5% ,1/2 W, HP P/N 0686-8225.

CHANGE 3:
In the Treplaceable parts table under

- Amplifier Board Al and on the schematic,

change A1R52 to 200 ohm, +/-5%, ;/2 W, K¢ P/N

CHANGE '4: ‘ -
In the replaceable parts table and on the
gchematic, add C19, 8 microfarad, 370W Vace,
HP P/N 0160-k022. C19 is mounted across fan

. Bl’

CHANGE 5:
In the parts list, under Mechanical, change
the HP P/N of heat sink (SCR CRl CRS) to
5020~ 8&50, gty 3.

In parts list, under '0p£icns 003 and 031,

change HP ?/N of CR& CR6 to 1884- 0226

'CHANGE 6
In parts list, under Main Frame - Electrical,
change HP P/N of CRL4-CRS to 1884-0225.

ERRATA:
In parts list, under Mechanical, change the
EP P/N of the cable clamp to 0100-0k437.

In parts list under Main Frame - Electrical
and on schematic, change C19 HP P/N to
0160-4122. C19 iz connected across Bl.

change title of Figure 3-k4 to
Constant

On page 3-Y,
read: '"'Remote Voltage Programming,
Voltage, Unity Gain."

Main Frame -

In the @parts 1list under
change R6 to

Electrical, and on schematic,
. 0009 ohms HP P/H 5080-7159.



In Figure 3-5, connect programming resist
between terminals AY and A6 as shown belc
Programming resistor should not be connect
to terminal A8.

AT4ATIRTZALY AlQ AS AR AT AB AS Ad o+ 5 -85 — AD AT AL A

Qleleeeldee pllelliRliol

“Model 6469C Page -2-

, ERRATA:

Add the following at the end of paragraph

2-17: Fuses F1, F2, and F3 (70A each), in the .
vhase A, B, snd C lines respectively, are lo-

cated inside the unit behind the rear panel.

Fuses FU, FS and F6 {300mA ‘each), connected

in the reference supply power input circuit,

are lccated on the rear panel, . Fuses FT7 and .

F8 (1.6A each), in the phase B and C input PROGRAMMING
lines to the TS5 primary windings, are also RESESLC;‘US
located on the rear panel. - BUS
. ¢’ (7
In paragraphs L-18 and 4-2k, change UuC% to 71 Y
140%.
RL

Figure 3-5.‘Remcte Resistance Programming,
Constant Current

The standard ¢olers for this instrument are now mint gray (for front panel)
and olive gray {for .all other extermal surfaces). Option X95 designates use of
the former color scheme of light gray and blue gray. Option A85 designates

use of a light gray front panel with olive gray used for all otber extemal
surfaces. New part numbers are shown below:

e A A ma AR av e ms o N e e e W WA MW N AW UM e e e e e A e e W S e e e e e T R de WA MR MR W A A MM R M MR T M T O W w A e

| DESCRIPTION [ STANDARD . % O?TION ASS % OPTION X35 g :
Jommm e R il R Ll e Rl B L bbbt

| Front Panel Assembly | 064EL-6000L | <-=coene-- LT S
| Front Panel Lettered | 06LuEH-60013 | oShéh £0005 | cmmmm=m-= -- |
| Cover, Top | .5000-9417 |  <=--me-e-- | 5000-6292 |

| Cover, Side (2) { s5006-9418 | <-------=» | 5000- 6293' I
| Bottom, Front Panel | 5000-944T | 5000-6234 | <e-----n-e i

| Cover, Output Busbar | 5000-9L67- |  5000-6300 | <-=r=wm--= |

| Cover, Barrier Strip- | S5000-045T | -~ <--rmn--- | s000-9320 |

| Bottom, Rear Panel | 5000-9466 | 5000-6295 | <-mvmem--e |

| Panel, Rear |  5000-6282 | 5000-6283 | <-memesens |

| Mounting Plate - 1 5000-9465 | 5009 ~628Y4 | <----eeca- 1
| Pan, Bottom, Left I 5000-9L80 | o €-------- 1 5000-8290 |

| Bracket, Heat Sink I 5000-9477 | <---v-n-- | s000-6287 |
| Bracket, Heat Sink I 5000-9477 |  t---oesaa | 5000-6288 |

| Post; Corner Frame (2) | - 5020-84k6 | <o--c---- | s5020-8021 | .
| Bar, Frame (2) | 5020-84k8 | c-wem---- | 5020-8022 |

| Tray, Capacitor o}, 5000-9453 . <-memmen- | 5000-6285 |

| Cover, Capacitor Tray | 5000-9454 |  <-cmmne-- | 5000-6288 |

| Tray ' [ S5000-94T79 | . <-=n-mr== " sooo 6289 |

| -Ear, Rack Mounting (2),i 5020-7062 | . 5620 8037 fotmmmeeees |

| Option 23 i : sy ! |

| Front Panel (Crowbar | 5000-9382 | 5000-9324 |  <-=--=---- I

e e A o A LS GG A Me M e e e e R m TR S S e e e e e
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ERRATA:

" In the replaceable parts table, change the HP

P/N of pilot lamp DS1 to 1450-0566, The new

pilot lamp is more reliable because its leads
* crimped instead of being spo® welded.

Add the following to the "Ordering Additional
" Manuals" paragraph in Section I: "Effective
..Dec. 1975, extra manuals may be obtained by

specifying Option 910 when crdering your in-

strument. The number of extra manuals depends
" upon the gquantity of Option 910s ordered.®

Insert the following CAUTION notice after
paragraph 3-45 (Auto-Parallel Operation).

- CAUTION L
;Ensure that the resistances of the load
leads/connections for each supply are equal.

Maxe the following corrections to paragraph
5-46: Change the first sentence of step (f)
to
VOLTAGE controls f{ully ccw."
;sentence of step (h) to "Voltage should read
-5 to 9 volts with VOLTAGE controls fully cw."

CHANGE T:
In Option 031 (380Vac) and Option 032 (LOO
* )} instruments, fan transformer TS has been
w..«nged to a new iype and its fusesg, FT and
F8, have been changed to a new type and its
fuses, F7 and FB8, hiave been changed in
‘rating. The new part nubmer for T5 ‘is
5080-1874, F7 and F8 are now l-amp, 500 V,

time delay fuses, +type FNQ-1, HP P/X
2110-0558 (in instrument serial number
1125A-00301, transformer T9 is marked

5080-7178 Rev. C. This transformer is identi-
‘cal to the new 5080-1874.}

CHANGE 8:
In replaceable parts table, A3 Control Board,
-replace current transformer T10,11 with EHP
- P/¥ .5080-1611.

ERRATA:
On page 6-7 of the parts list, change the HP
P/R of resistor AlRINL to 2100-1772. The
-resistor has not been changed;
“number has.

i In paragraph 5-83 on page 5-13, the figures
. in the Resistor Value column of step (c) are
tall incorrect. The proper resistor value for
t gramming full rated output current in all
‘or the listed models (6h6hc through 6LB3C) is
;11000 ohms

|e

"Voltage should read 2 to L volts with
Change the first

sadd WO Waeldpglapn £T44 T0@ STatement Taal 1our
eyebolts are provided that can be attached to
the top of the unit if a hoist must be used
to 1lift it. On page 6-11, change the quantity
of eyebolts to four. A4dd to paragraph 1-10,
the statement that the standard supply (or-
dered with or without accessory casters) in-
cludes four adjustable screw-in feet (HP P/N
15099-60860) .

Change variable resistor AIRIC2 to 20k ohm,
1/2W EP P/N 2100-0558.

On page 5-9, change EP P/N .of DS2 to
1450-0591 and <change HP P/N of DS3 to
1450-0590 and on page 6-13 change HP P/N of

DSk to 1hs0- 0591

Just its part

On page 5-13,
paragraph 5-76, step a and ¢ change -5 to +S.

CHANGE 9:

In the parts list, on pages 6€-6 and 6-13,
change CR58 and CR36 to HP P/N 1884-0302.

ERRATA:

paragraph 5-75, étep b, and

Cn page 5-13, paragraph 5"?6, s.tep ¢, ché\nge
the resistor values for the 6472C,  75C, ??c
T8¢ and 83C to the valuss shown belcw

MODEL " VALUE (ohms) -
ghT20 19.2 K
£LT5C 33K
6477C €6 K -
6479¢C GO K
6483¢c 180 K .

Cn page 3-1 after the NOTE and on page. 5-2
after vparagraph 5-9 eadd, the following
WARNING and Table. ‘

WARNING

Viclent arcing could occur if terminals are
shorted at any time with power on. Turn AC
power off and wait one minute Dbefore
shoerting. o

Hazardous voltage may remain on terminals af-
ter AC power is removed. Check termma.}. vol-
tages before touching.
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Model 6LEQC Page -4~

MODEL VOLTAGE
‘ (Maximum allowable

terminal voltage
before terminals
are shorted)

ELEUC 5V

6L66C Y

6LEgC 8 v

6k72¢C 10V

£475¢C T v

E477¢C 30V

£479¢C 0V

6483C y2 v

On page 3-1, paragraph 3-2,

read as feollows: To check out constant cur-

rent circuit, first twn off supply and allow

the output voltage to bleed down. Then shert

cireuit the output bus bars and rotate
Voltage controls fully clockwise. Turn-on
- supply.

Cn page 3-2, paragraph 3-8, add the foi;owing
sentence to the beginning of step b.; Twmn
off supply and allow the autpuy voZtage te
bleed doum.

Add fhis same sénﬁence to paragraph 3-10,
step &, paragraph 3-55, steps b ard d, and
paragraph 5-32, step e,

In the Replaceable parts list, and on the
- schematie diagram change variable resistors
A1R102 and AlRI22 to 20 X, 1i/2 W, BEHP
2100-0058.,

CHANGE 19

One of two types of cooling fans is 1nstal’ed
in this supply, HP P/N  3160-02i40
. 3160-0285. :
with the fan depends 'on which fan is instal-
led. With fan 3160-0240, use BuF 370 Vms
capacitor, HP P/¥ - 0160-4122. With -fan
3160-0285, use 5uF 370 Vrms capacitor, HP P/X
0160- 6585 '

CEANGE 11:
In the replaceable parts list, pagge 6-1C,

under Main Frame - Eelctrical change Fan, Bl -
to Fan Assembly, B2, HP P/N 3160-0498 and on .

page 6-12, under Miscellaneous Mechanical,
change Bracket, Fan, B2 to HP P/¥ 5020-268%.

change step ¢. to

[Qr -
The capacitor (C19) to be used

ERRATA:
In the replaceable parts list, page 6-10
der Rear Panel Electrical and on
schematic, figure 7-7, change the descrip

for Fl, FS and F6& to; Fuse can be 0.3A |
or 0,3154 600V,

ERRATA:
In the Operating and Service manual,
units with Option 040, add the follos

note.
NOTE

When calibrated for Option OUO, units may
meat = full ouiput wvoltage or cur:
specification when used with the front ps
potentiometer. Thig is due to the resist:
tolerance of the ©potentiometer and
programming cecefficient accuracy required
Option OhO

ERRATA:

On page 5-2 in paragraph 5-§ in the par
thesis change "at least 10%" <o '"10% at
the maximum rated output  curreant for

power supply’. ‘



~current that flows out of Q2. As menti

POWER SUPPLY MODIFICATION

, - FEB. 23, 1993 ‘
CONVERT MODELS 6464C-6483C to 6464C-6483C-J30

Purpose:

To permit the output voltage of the supply to be programmed, with gain, by a remaote voltage
source such as the 585G1A Isoiated D/A Power Supply Programmer,

~ Factory Modification:

Description. A new circuit has been added (see attached schematic) to accomplish this modifi-
cation. All of the new circuitry is mounted on a separate P.C. board which has been installed

inside the unit.

The circuit consists of a voltage-to-cu rrent converter and an associated bias supply. A O-to-10

Vdc programming voltage applied to the new + and — programming terminals at the rear of the
supply is converted to an output current at the collector of Q2 which varies according to the
rmagnitude of the input voitage. This current is thers summed with the normai constant voltage

* programming current (at terminal AB@insde the main supply) and the resultant program-
' ming current is used t0 control the output voltage of the supply.

Resistor R4 provides protection against the possibility of open programming terminals; CR3

" and RY protect against the application of a reverse programming voltage. Emitter follower stage

Q1 furnishes temperature compensation for the base-emitter junction of Q2. Stage Q2 acts as

a variable current source whose output is determined by the amplitude of the programming

- voltage applied to the base. Resistor R1Q provides a means of calibrating the programming

As oned previousty, this current is injected into the original
power supply circuit at terminal A@ where it opposes the normal programming current -
produced by current source Q5. The resultant programming current flowing through the

front panel VOLTAGE controls {or an external programming resistor) determines the '

- output voltage of the power supply. When the current flowing out of Q2 is at a maximum, the |
supply outputis ata minimum, and vice-versa. . : :

e Ll a L .Y T e T Y

Operation. This unit can be programmed by a 58501A or any device which can

" provide 0 to +10 Vde. The following relationships exist between the programming input volt-

age and the supply output voltage: _
. - ' 1A% Ei"’m%Eout

1oV E;inﬂQO%Ewt _
0V Ein=0V E out

Lineariw ove_i' the pragramming span from 10% to 100% of rated dutput voltage“;s better than
2%. The linearity is not specified over the low end of the band (0 to 10%} because of the in-
harant minimum operating threg-hoid: associated with all SCR supplies at low outputs.

if the front panel VOLTAGE controls are to be left connected in the circuit (strap between A2
and A3), they must be sat to maximum resistance (fuily CW). f the controls are rotated CCW,
the output voltage of the supply will be decreased for all programming input voltages. 1f de-
sired, the user may disable the front panel.controls (remove the strap between A2 and A3) and
substitute a fixed resistor of equal value in their place (terminal AZ to +8). Note that to avoid
degrading the stability and temperature coefficient specifications of the power supply, the
fixed resistor should have as low a TC as possible (preferabiy less than 30 ppm/eC), and a rated

power dissipation of at least 10x12R, where | is the adjusted programming current of the power
supply (approximately 4.1A for supplies over 50V, and 5.8A for supplies under 50V).
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59501A/730 Connection Diagram

WARNING

If remote programming terminals are
open circuited, the power supply will
rise up to 25% of the rated output
voltage.



Programming Accuracy Adjustment. To adjust the programming cur'rent, and thus the remote

Page - 2 -

pregramming accuracy, proceed as follows:

a.
b.

Adjust R1 {on new P.C. board)} to obtain +12.0Vdc bias,

Set front panel VOLTAGE controls to maximum or connect external

pragramming resistor as described in previous paragraph.

Remove A1R8 and replace with 1K, 3W resistor (Models 6472C-6483C})
or 88082, 3W resistor {(Models 6464C-6469C). This increases the power
supply programming current approximately 0.8mA in order to insure

that Q2 remains in its linear operating region at ali times.

Replace ATR9 with decade resistance box and-set for approx. 15k.

Connect another decade resistance box in R10 position {on new r.C.
board) and set input programming voltage to 1.0V. Adjust decade

box to obtain 10% of rated output voltage.

Set input programming voltage to 10.0V. and adjust A1R9 decade for 100%

of rated output.

'F{epeat steps e and f and read;ust (some mteract:on will ocour).

Replace decade boxes with appropriate value, 1%, 1/8W fixed resistors.

REPLACEABLE PARTS, REMOTE VOLTAGE PROGRAMM!NG BOARD

REF, _ _
DESIG. DESCRIPTION TQ HP PART NO.
C1 300uF 40Vde 1 - 0180-1805
- C2 ~ 33pF 300V 1 0160-2150
- C3,C4 015uF 1kVDC 2 0160-2477
CR1, CR2 Rectifier 200V 1A 2 1901-0327
CR3 Diode 200V 100mA 1 1801-0033
Qa1 NPN Transistor 1 1854-0823
Q2 PNP Transistor 1 1853-0099
. R1 10K Potentiometer 1 2100-3210
(6464C-6469C) '
R2 3K 3W ww 1 0812-0010
(6472C-6483C) , .
R2 43K 3W ww 1 0811-1811
R4 C2K W 1 0686-2025
RS 10K AW i 0683-1035
RE TK LW 1 -0683-1025
. R7 ' 6.8K 1/8W i - 0683-6825
R8 §,1K 1/8W 1 0757-0941
R9 1K 1/8W 1 0757-0924
Ri0 Selected 1/8W i ——
- T Bias Transformer (115V primary) 1 5080-1816
U1 OP-AMP LM301 i 1820-0223
VR2 6:2V Zener Diode 1

1902-0761
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' 430/6464C-6483C REMOTE VOLTAGE PROGRAMMING CIRCUIT






