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| SECTION |
T GENERAL iNFORMATION

11 DESCRIPTION

1:2  This pbwer supply, Figure 1-1, is completely transis-
tarized and is suitable for high power applications which re-
quire a de source with a moderate degree of regulation, The
supply is a constant valtage/constant current {ype that will
furnish full rated output voltage at the maximbm yated out-
put current or can be continuously adjusted throughout
most of the output range. The front panel CURRENT con-
trols can be used to establish the output current limit {over-
load or short circult) when the supply is used as a constant
voltage source and the VOLTAGE cantrols can be used to
establish the voltagé limit {celling) when the supply is used
as a constant current source. The supply witl automaticatly
cross over from constant voltage to constant current apera-
tion and vice versa if the output current or voltage exceeds
these preset limits.

1-3  Many protection circuits are included in the supply to
protect the regulator SCR’s against excessive current ar
voltage and to pr'otéct the user’s load. The supply also con-
tains the frant panel trouble lamps associated with some of
the protection circuits.

1-4  Qutput voltage and current are continuously monitor-
ed on two front panel meters Input power is connected to
a four pin connector on the rear of the unit. The output
terminals are heavy busbars also mounted at the rear of the
unit, Terminal strips at the rear of the unit allow ease in ex-
panding the operational copabilities of the instrument, A
brief description of these capabilities is given below:

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

b. Remote Sensing. The degradation in regulation
which occurs at the load due to voltage drop in the load
leads can be reduced by using the power supply in the re-
mote sensing inode of operation,

¢. Auto-Series Operation. Two power supplies may
Ye used in series when a higher output voltage is required
in the constant voltage mode ot operation or when greater
voltage compliance is required in the constant current
mode of operation. Auto-Series operation permits one-knob
control of the total output voltage trom a “master” supply,

d. Auto-Parallel Operan’an,' /The p&wer supply may be
operated in parallel with another unit when greater output
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Figure 1-1. Typlcai 10kW Power Supply, SCR-10 Serles

current capability Is required. Auto-Parallel operation per-
mits one-knob control of the total output current from a
*master’” supply,

e. Battery Charging or Discharging. The supply can be
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.

+5 SPECIFICATIONS

1-6 Detailed speciticatiuns for the power supply are given
i Table 1-1 on Page 3-3.
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1.7 OPTIONS

1-8 Options ore customer-requested factory moditications
of a standard instrument. The following options are availa-
ble tor the Instrument covered by this manua), Where naces-
sary, detailed coverage of the options s included throughout
the manual, Notjce that the customer must specify one of
the five input power aptians avajlable for this supply when
ordering a unit, These options {001, 002, G03, 031, and
032), rogether with the other avallable options, are described
below.

Option No. Description

Q01 208Vsc * 10%, 3-phase input, 57-63Hz,

002 230Vac ¢ 10%, 3-phase input, 67—-63Hz,

003 460Vac £ 10%, 3-phase input, 57-63Hz,

005 B0Hz ac input. Standard instrument is wired for
nominal 60Hz ac input. Option 005 includes re-
alignment, And in some cases, internal rewiring.

006 Internal overvoltage protaction crowbar (Not
applicable to 6464C), Prolects delicate loads
against power supply failure or operator error,
Monitors the output voltage and places a virtual
short circuit (conducting SCR) across load with-
in 10us after preset trip voltage is exceeded, For
complete specifications, refer to Appendix A,

023 Rack kit for maunting one supply in standard
19" rack,

o3 380Vac + 10%, 3-phase input, b7-63Hz,

032  400Vac & 10%, 3-phase input, 57—G3Hz.

12
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19 Accessories

1-10 Qne accessory, HP Part Mo. 14545A, is availzble with
this supply. It consists of four spap-on casters and can be
ordered with the pawer supply or separately fram your
lacat Hewlett-Packard sales office,

1-11 INSTRUMENT/MANUAL IDENTIFICATION

1:32 This power supply s [dentified by a three-part serial
number tag. The first part is the power supply modzl num-
ber, The second part is the serial number prefix, which con-
sists of a number-letter combination that denotes the date
of a significant design change, The number designates the
year, and the fetter A through M designates the month, Jan-
uary through December, respectively, with *'1”" omitted, The
third part is the power supply serfal number; a different se-
quential number is assigned to each power supply,

5-13 If the serial number on your instrument does not
agree with those on the title page of the manual, Change
Sheets supplied with the manual or Manual Backdating
Changes define the differences hetween your Instrument
and the instrument described by this manual,

1-14 ORDERING ADDITIONAL MANUALS

1-16 One manual 15 shipped wifth each power _opply, Addi-
tional manuals may be purchased from your local Hewlett-
Packard field office {see list at rear of this manual for address-
es), Specify the model number, serial number prefix, and HP
part number shown on the title page,




Table 1-1. Specifications

INPU:
2044/230/380/400/460Vac ¢ 10%, Three Phase, 67
to 63Hz, 6OA per phase ® 230Vac,

OUTFUT:
0-8 Volts @ 01030 Amps (NOTES 1 and 2).

LOAD REGULATION:
Censtant Voltage — Less than 0,05% plus SmV for
a full losd to no load change in output current,
Constant Current — Less than 0.1% plus 1A for a
zero to maximum change in cutput voltage,

LINIE REGULATION:
Constant Voltage — Less than 0,05% plus BmV for
any line voltage change within the input rating.
Cunstant Current — Less than 0,1% plus 1A for
any hine voltage change within the input rating.

RIPPLE AND NOISE:
Constant Voltage — Less than 80mV rms, 1Y p-p
{dc to ZGMHZI‘. {NOTE 2} .
; f
TEMPERATURFE RANGES:
Operating: 0 to BOOC, Starage: -40 to +759C.

TEMPERATURE COEFFICIENT: '
Constant Voltage — Less than C.03% nius 100uV
per degree Centigrade,
Constant Current — Less than 0.06% plus 0.26A
per degree Centigrade,

STABILITY:

Constant Voltage — Less than 0,.3% plus 1rnV total
drift for 8 hours after an inltia! warm-up time of 30
minutes at constant ambient, lonstant line voltage,
and constant load.

Constant Current — Less than 0.6% plus 1A total

drilt for B houss after an initial warm-up time of 30
minutes at constant amblent, constant line voltage,
and constant load,

TRANSIENT RECOVERY TIME:

Less than 60ms/100ms for output recovery to with-
in 1.6V/0.6V following a load change from full load
to hatf load or vice versa {NOTE 2,

METERS:
The front panel voltmeter (0—10V) and ammeter
{0~1200A) are provided. Accuracy Is 2% of full scale.

RESOLUTION: _
Constant Voltage — 8mV is the minimum output
voltage change that can be obtained with the front
panel controls,
Constant Current — 1A is the minimum output cur-
rent change that can be obtained using the front panel
contrals.

REMOTE RESISTANCE PROGRAMMING:

Remote programm!ng of the supply output at ap-
proximately 200 ohmis per volt in constant voltage is
made available at the rear terminals. In constant cur-
rent mode of operation, the current can be remotely
programmed at approximately 1 ohm per smpere.
COOLING:

The unit is cooled by forced air from an Internal
fan. J
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,

1

WEIGHT:
575 Yos. net. 629 Ibs, shipping.

WWW. valuetronlcs com

NOTES:

1. Specifications apply only when {a)} supply is delwering mote than 5% of maximum rated output voltage {CV opera-
tion) or 5% of maximum rated output current {CC opemtion), and (b} toatt is drawing more than 100W, Restriction {b)
is lifted when supply Is delivering more than 30% of maximum rated output voltage (CV operation) or 30% of maximum

rated output current {CC operation),

2. For operation with a 50Hz input {possible only with Option 05}, output current is linearly derated from 100% at
400C to 80% at 509C. Other specifications {indicated in Table) must be Increased by 50% for a EOHz input.
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SECTION i
INSTALLATION

INITIAL INSPECTION

241 performance check to verlfy proper instrument aperation,

2.7 INSTALLATION DATA

2-2 Before shipment, this instrument was inspected and
found to be free of mechanical and electrical defects, As
soen as the instrument is unpacked, inspect for any domage
that may have occurred In transit, Save all packing materials necessary only to connect the instrument to a source of pow-
unth the inspection is completed. If damage is found, file & er and it is ready for operation,

claim with the carrier immediately, Hewlett-Packard Sales '

and Service office should be notified. 29 Lacation :

2:8 The instrument is shipped ready for operation. Itis

2-10 This instrument is fan cooled. Sulficient space should
be ollotted so that a free flow of cooling air can reuch the
sides of the instrument when it is In operation. It should ble

2-3 Mechanical Check

2-4  This check should confirm that there are no broken
kraobs or connectors, that the cabinet and panel surfaces usad in an area where the ambient temperature does not ex- -
are free of dents and scratches, and that the meters are cecd 60OC, '
not scratched or cracked. '

2-11 QOutline Diagram '
2.6 Electrical Check
: 2:12 Figure 2¢1 illustrates the two basic outline shapes for
2.6 The instrument should be checked against its electri- power supplies of the SCR-10 Series.

cal specifications. Section V includes an "in-cabinet”
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2-13 Rack Mounting

2-34 To rack mount t*e unil, Ophion 023 s installed at the
factory. The user receives the supply with rack ears attached
to the side-front of the unit. The supply can then he mount-
ed inI a standare 19-inch rack using standard mounting
sCrews,

215 INPUT POWER REQUIREMENTS

2-16 The inpt]n power is specified by the buyer in his ori-
ginal purchase contract using the appropriate option num-
ber, Five input options are available; Option 001 {208Vac),
002 {230Vac), 003 (460Vac), 031 {380Vac) and 032 (400V-
ac). All of the optional line voltages may va 'y within £10%.

2-17 All ac input connections sre made at the rear terminal
block {a power cord and connector are not supplied with
the unit). The user shouhd ensure that the ac input wires are
of the proper gauge. For example, the line surrent is 60
amperes (meximum} for a 230Vac input, dictating that each
conductar be at least number B gauge , ‘ire. The safety
ground wire should be the same gauge as the ac input wires
to ensure that it does not open and create a safety hazard,

2:18 The ac power source to this supply may be either
delta or wye with Isofated neutral, The three phase input
voltages must be halanced to within 8% of ezch other for
the supply to operate, However, if the input line voltages
are unbalanced by more than 3%, th2 unit may not meet the
published ripple and noise specification; although it will
meet all other soecifications, Moreover, if the user’s line im-
balance exceeds 3%, it is advisable to check the Input line
currents and adjust the current balance circuit, if necessary
{refer to Paragraph 5-95).

2-19 Any SCR regulated supply, because of its inherent
characteristics, cannot tolerste a great degree of distortion in
the input line voltage. The amount of distortion that can be
tolerated Is not precisely defined, hut the supply should

never be driven from the output of an inverter or a saturable-

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 trouble is experienced in this area.

2.20 208/230Vac Conversion

2-21 To convert the unit from a 208Vac (Option 001) to a
230Vac (Option 002) innut, ar vice versa, it {5 necessary on-
ly to restrap transformers T4, T5, and A3T1, T2, and T3.
No other changes sre necessary because the companents
vsec: for Options 001 and 002 are Identical, The schematic
diagram, Figure 7.7, shows the transformers noted above

strapond tor T20Vac nperation, Hence, B comvert thi- unet
from a 208Vac input to a 230Vac wnpul, remoqe the 206V
3¢ fumpers andg connect the transformers as shown on the
schematic, To coavert the unit lrom a 230Vac input to a
208Vac input, simply use the 208V terminats as follows:

a. With the unit off, remove jumper between T5-3
and T6-6. Connect new jumper between T56-2 and T5-6,
Disconnect wire from fuse F8 to T6-6 and connect it he-
tween FB and T5-b,

b, For transformer T4, remaove three straps between
A1-230, B1-230, and C1-230 and connect a strap bhetween
A1-208, B1-208, and C1-208,

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

2-22 380/400Vac Conversion

2 23 To convert the unit from a 380Vac {Option 031) to a
400Vac (Option 032) input, or vice versa, it is necessary on-
Iy to restrap transformers T4, T6, and A3T1, T2, and T3.
No other changes are necessary because the components
used for Options 031 and 032 are identical.

2-24 Transformer Connections for 380Vac Input, For a
380Vac input, the OV tap on the primary transformer TH is
connectéd to fuse F7 and the 380V tap s connected to fuse
F8. The 400V tap is onen. The secondary windings are con-
nected as shown on the schematic, Figure 7-7.

2-26 Transformer T4 is connected in the delta-star configu-
ration shawn an Flgure 7-7. For 380Vac operation, connect
tap A1 to tap 380 on the B section, tap B1 to tap 380 of
the C section, and tap C1 to tap 380 of the A section. The
three 400V taps are open, ,

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

227 Transformer Connections for 400Vac Input, For o
400Vac input, the OV tap on the primary of T5 must be
connected to fuse F7 and the 400V tap must be cennected
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 connected to tap 400 on the B section, tap B1 is connect-
ed to tap 400 ¢n the C section, and tap C1 to tap 400 on
the A section, The three 380V taps are left open,




= 2.29 Transtormens A7 E, A3T2, and A3T3 e connacted
in an delta delta conligurabion 1 follows: T1-0V to 12-
400V, T2-0V to T3-400V and T3-0V to Ti-400V. The
} 280V taps on the three transformers are telt open.

230 60Hz Ac Input. (Option 005)

2.3%1 For operation from a 60Hz source It is necessary only
to readjust the output ripple as described in Paragraph 6-94,
- In rare Instances it may be necessary to readjust the transi-
— ent recovery potentiometer {A1R48) I the supply shows
signis of oscillating.
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237 REPACKAGING FOR SHIPMENT

2.33 To insure sate shipment of the instrum=nt, it )s recom-
mended that the package designed for the instrument be
used. The original packaging material is reusable, If it is not
avallable, contact your local Hewlett-Packard field office to
ohtain the materials. This office will also furnish the address
of the nearest service center to which the instrament can be
shipped, Be sure to attach a tap to 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 (I}
OPERATING INSTRUCTIONS

Wl

Figure 3-1. Front Panel Controls and Indicators, Typical SCR-10 Supply

_ 31 TURN-ON CHECKQUT PROCEDURE . NOTE
32 The following checkout procedire describes the use The supply output is held off for
of the front panel controls and indicatoss (Figure 3-1) and approximately 10 to 20 seconds
ensures that the supply is operational. after turn-on by an internal control
_ a. Set ~LINE ON switch @ to on and observe that circuit.
- " pilot tamp (2) lights.
- . * b. After turn-on delay period {see NOTE}, rotate c. To check out constant current circuit, first turm off
= . CURRENT controls fully clockwise and adjust VOLTAGE supply. Then, short circuit output bus bars and rotate VOLT-
- " controls @ to obtain desired output voltage on voltmeter AGE controls fully clockwise, Turn-on supply.
= : . d. After turn-on delay, adjust CURRENT controls @
- 3-1

:www.valuetronics.com..

Iy iy ke



until desired output current is indicated on ammeter @

e, If supply is equipped with an avervoltage crowbar
{Option GOB), front panel will contain CROWBAR ADJUST
pot and lamp , If Option 008 s not ordered this partion
of panel Is blank, Refer to Appendix A for crowbar oper-
ating instructions,

f. TEMPERATURE and OVERCURRENT PRO-
TECT lamps, and , are described in Paragraph 3-24,
Before connecting actual Toad to supply, read the followiny
paragraphs,

33 OPCRATING MODES

34 The power supply is designed so that its mode 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, boord helow their respective terminals. The follow-
ing paragraphs describe the procedures for utilizing the vari-
bus operatiansl capabilities of the power supply. A more
thearetical description concerning the operational features
of this supply Is contained in Application Note 90A, Power
Supply Handoook (available at no charge from your local
Hewlett-Packard sales office), Sales office addresses appear
at the rear of the manual,

36 NORIMAL OPERATING MODE

36 The power supply is normally shipped with its rear
terminal strapping connections arranged for canstant volt-
age/constant current, local sensing, local programming,
single unit mode of operation, This strapping pattern is
shown in Figure 3-2, The operator selects either a constant
" valtage or a constant current output using the front panel
controls ylocal programming. no strapping changes are
necessur v)

37 Constant Voltage

38 Toselect a constant voltage output, proceed as fol-
lows: ‘

a. Turn on power supp'y and adjust VOLTAGE con-
trols for desired output voltage with output terminals open,

b. Short cifcuit 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 cross over to constant current
output 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.)

ASAIAIZAIN  AIOAI AB AT A6 A5 R4 + ¢S -5 — A} A2 At AD

Es;[}l, PR Iy fTﬂf‘[{TjI‘_’W@FP

Ry

Figure 3-2, Normal Strapping Pattern

3.9 Constant Current

3-10 To select a constant current output, proceed as fol
lows:

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

b. Open output terminals and edjust VOLTAGE con-
trols for maximum output voltage allowahle {voltage limit),
as determined by load conditions. If a load change causes
the voltage limit to be exceeded, the pawer supply will auto-
matically cross over to constant voltage cutput at the preset
voltage limit and the,output current will drop proportion-
ately. in setting the voltage limit, allowance must be made
for high peak voltages which can cause unwanted crossover.
{Refer to Paragraph 3-63,)

NOTE )

; {
As ‘ndicated on the Specification

Table (1-1) the supply may not meet
 all specifications under “light load"
conditions. These constraints are
due to minimum operating thrish-
olds /nherent in the SCR's in the
regulator. However, as shown on
Table 1-1, the supply will operate
satisfactorily if the supply delivers
more than 30% of the rated output
voltage {Constant Voltage opera-
tion} or rated output current (Con-
stant Current operation). Only 5%
of rated output voltage or current is
required provided that the supply is
delivering more than 100 Watts to

the load.

32
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311 No Load Operation

3-12 When the supply is operated without o load, down-
programming speed is considerably slower than in normal
loaped operation, The actual time required for the output
voltage to decrease to g level set by the front panel control
varies from opproximately 6 seconds to about 200 seconds,
depending on the model number and the incremental

- change,

3-13 Qutput Ranges — Madels 6466C and 6483C
Only }
|
3-14 Model 5466C can be operated in one of two output
ranges while Mode| 61083C hos three output ranges {refer to
Specification Table,'1 i, fc  hese units), No range switch.
ing is required hut the current and voltage requirements of
the load should be predetermined to ensure that the re ungs
for a particular range will not be exceeded, If a rating is ex-
ceeded, one of the supply’s internal protection circuits will
be activated, For example, if the supply is operating in the
high voltage, low current range and the output current ex-
ceeds the rating for that range, the overcurrent circuit will
hecome activated and shut of{ the supply,

3-16 Connecting L.oad

3-16 Each Joad should be connected to the power supply
output 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 palr of connecting wires should
be as short as possible and twisted or shielded to reduce
noise pickup. {}f a shielded pair is used, connect one end of
the ihield to ground at the power supply and leave the
other end unconnected.)

317 It load cousiderations require that the output power
distribution terminals be remotely located from the power
supply, then the power supply output terminals should be
connected to the remote distribution terminals via a pair
of twisted or shielded wires and each load should be sepa-
rately connected to the.remote distribution terminals. For
this case, remote sens‘ng should be used. {Refer to Para-
graph 3-40,)

- 3-18 Grounding

3-19 Positive or negative output voltages can be obtained
from the supply by grounding either output bus, If the
output Is floated {neither output bus grounded} It can be
operated up to 100Vdc asbove ground {300Vdc above
ground for Models 6476C, 6477C, and 6479C).

3-20 When grounding the output, the customer’s ground
must he used and cannected to the desired output bus on
the supply. Do not ground the output at the supply’s
chassis or at the ac ground terminal on the rear of the
supply. These polints are at safety ground and are not the
neutral of the power saurce (refer to Section 1}, By fol-
lowing these recommendations and running 8 separate lead
from each output bus to the load, the user will be doubly
certaln that no load current will flow through the ac input
wires to the supply,

321 QOperation Beyond Rated Qutput

3-22 The shaded area on the front panel meter face ind -
cates the approximate amount of output voitage or curre,~t
that may he available 'n excess of the normal rated output,
Although the supply can be operated In this shaded region
without being damaged, it cannot be guaranteed to meet
all of its performance specificatiors,

3-23 Protection Circuits

3:24 This supply contains an nternal overload protection
circuit which shuts off the supply in the event of a pro-
longed overcurrent or overtemperature condition (deta:ls
given in Section IV}, This circuit also [lluminates the appli-
cable indicator lamp (OVERCURRENT PROTECT or
TEMPERATURE) on the frant panel, If one of these
lamps should light, the operator should set the LINE
switch to off and turn the VOLTAGE and CURRENT con- '
trols to zero {CCW). Next, the unit should be turned back
on, If the overload lamp lights again, turn the unit off and
praceed to SectioniV, Troubleshooting, If the lamp does
not light, the overload may have been caused by a line
transient or an improper connection at the rear barrier
strip. Ensure that all screws on the rear barrier sirip are
tight and that the strapping pattern agrees with the desired
operation,

325 OPTIONAL OPERATING MODES

326 Remote Programming, Constant Voltage

; "

" 327 The constant voltage cutput of the power supply
can be programmed {controlled) from a remote location if
required. Either a resistance or voltage source can be us2d
as the programming device, The wires connecting the pro-
gramming terminals of the supply to the remote pragram-
ming device should be twisted or shielded to reduce nwise
pick»p, The VOLTAGE cantrols on the front panel are
automatically disabled by the following procedures,

3-28 Resistance Programming (Figure 3-3). In this maode,

33
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the output voltage will vary at a rate determined by the con-
stant voltage programuning coefficient {refer to Specifica-
tions Table, 1-1}, The programming coefficlent is determined
by the pragramming current, This current Is factory adjusted
to within 1%. If greater pragramming accuracy is required, it
may be achieved by sdjusting A1R9 as discussed in Para-
graph 6-76.

Ab A4 ¢ +5-5 ~ AJ A2 A) AD

plolelole]

A4 ABARZ AL ALOAS AR 4T A6

REERp Rl

PROGRAMMABLE
RESISTOR

Figure 3-3. Remote Resistance Programming,
Constant Voltage

3-29 The output voltage of the supply should be 0 % 10mV
when zero ohms is connected across the programming termi-
nals, If a zero ohm voltage closer to zero than thisisrequired,
it may be achieved hy Inserting and adjusting A1R11 as dis-

cussed in Paragraph 6-76,

3-30 To maintain the stability and temperature coefficient
of the power supply, use programming resistors that have
stable, low noise, and lo v temperature coefficient {less than
30ppm per degree Centigrade) characteristics. A switch can
be used in conjunction with various resistance valtues in or-
der to obtain discrete output voltages. The switch should
have make-brfore-break contacts to avoid momentarily
opening the programming " irminals during the switching
interval,

'

A5 84 + +s—s = A3 A2 M A0
[plelole]o}

! hHlIBlJZAI! lIOAQ AD AT A6

[glplelelelglpiglply] [plolg]

VOLTAGE

-~ SOURCE
NOTE .
A JUNPER STRAP ON PC -
BOARD A{ MUST EE Bus Bus

AEMOVED FOR THIS MODE '
REFER 10 TEXT
R
3

3.31 Voltage Programming, Unity Gair: {Figure 3-4), Em-
ploy the strapping pattern shown i Figure 3-4 for voltage
programming with unity gain, in this mode, the output voit-
age will vary in a 1 to 1 ratio with the programming vcltage
{reference valtage} and the load on the progromming voltage
source will not exceed 20 microamperes.

3.32 To prevent the internal programmirg current from
flowing to terminal A2 and into the external volinge source,
a jumper strap on P.C, Board At must be removed {see Fig-
ure 7-1 for lacation of the jumper), Be sure to reconnect
this jumper before converting the unit to o different oper-
ating mode,

333 The output voltage of this supply cannot be voltage
programmed with gain unlike same of the other HP supplies.

334 Remote Programming, Constant Current

3-35 Either a resistance or a voltage source can be usec to
control the constant current output of the supply. The
CURRENT cantrols on the front panel are automatically
disabled by the following procedures.

3-36 Rasistance Programming {Flgure 3-6), In this mode,
the output current varies at a rate determined by the con-
stant current programming coefficient 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. If greater programming
accuracy is required, it may be achieved by adjusting A1R26
as discussed in Paragraph 5-83. The output current of the
supply when zero ohms is placed acrass the programming
terminals may be set to exactly zero by adjusting A1R28 as
discussed in Paragraph b-82.

3-37 Use stable, low noise, low temperature coefficient
{less than 30ppm/OC} programming resistors to maintain
the power supply tesmnperature coefficient and stability

MANS A2 AN RIDATAB AT A5 AS M + #5-5- A3 A2 AL AQ

lelleRIglyilel ERRRFR0

PROGRAMMING
RESISTOR

+ -
BUS BUS

I
1

Figuie 3-4. Ramote Resistance Programming,
Coiistant Voltage, Unity Gain
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Figure 3-5. Remote Resistance Programming,
Constant Current

TailevET e ” - a R | AT AR e ey i



specifications. A switch may be used to set discrete values
of cutput current. A make-before-break type of switch
should be used since the output current will exceed the
maximum rating of the power supply i the switch contacts
open during the switching interval,

CAUTION

If the programming terminals (A4 and AS8)
should open at any time during the iemote re-
sistance programming mode, the output current
will rise to o value that may damage the load. If,
in the particular programming configuration in
use, there is a chance that the terminals might
hecome open, it is suggested that a 1kS) resistor

. be connected acrass the pragramming terminals
Like the programming resistor, this resistor
should be a low noise, low temperature coeffi-
cient type. Note that when this resistor is used,
the resistance value actually programming the
supply is the parallel combination of the remote
programming resistance and the resistor across
the programming terminals.

3-38 Voltage Programming With Gaip (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 3-6. In this mode, the
output current will vary linearly from 0 to maximum rating
when the voltage source is programmed from 0 to 6,2 volts,
The value of the voltage source eppearing acrvoss terminals
A9 and A10 should not exceed 7.4Vdc¢ if possible damage
to the instrument is to be avolded,

1
3-39 External resistor Rp should have stable, low naise,
and low temperature coefficient {less than 30ppm per de-
gree Centigrade) characteristics in order to maintain the

stability and temperature specifications of the power supply.

AMASARAIL  MOAS AB AT S A5 A4 -5 - AB 22 At 40
Slofelololalplol ElRTRsIslele
Rp
S s
U r HON:NA
0-62Y001 o u
+ -
aUS BUS

Figure 3.6, Remate Voitage Programming,
Non-Unity Gain, Constant Current

Note that it Is possible to use the front panel current con-
trols already in the supply {R3 and R4) us the gairr contral
(Rp} by simply remoaving the external Rp and stropping ter-
mina's Ab and AB together,

340 Remote Sensing (Figure 3-7)

3-41 Remote sensing Is used to maintain good regulation
at the load ond reduce the degradation of requlation which
would occur due to the volrage drop 'n the leads between
the power supply and the load. Remote sensing is accemp-
lished by utilizing the strapping pattern shown in Figure
3.7. The power supply should be turned off befare chang-
ing stropping patterns. The leads frc m the sensing (2S) ter-
minals to the lead will carry much |2ss cutrent than the
load leads and it is not required thst 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 lead lengths, remote sensing
greatly improves the performance of the supply. However,
if the load is located a considerable distance from the sup-
ply, added precautions must be cbserved 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 feedbar error sig-
nals that are developed within the unit, Becausz of these
factors it is recommended that the drop in the negative
load lead not exceed 3 volts. If a larger drop must be toler-
ated, please consult an HP Sales Engineer,

NOTE

Due to the voltage drop In the load leads, it
may be necessary to readjust the current Irrmt
in the remote sensing mode, '

!

3-43 Observance of the precautions in Paragraph 342 will
result in a low dc output Impedance at the load. However,

A AR AR AL AN A9 AB AT A6 AS A4 4 S - A.‘ .ﬂ? LI
RiplelaiRlpRlply [ [y SRyl
®
+ -
BUS BUS
: )
t R T
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Figure 3-7. Remote Sensing
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another factor that must be considered Is the inductance of
long load leads. This causes ¢ high ac; impedance and could
affect the stability of the feedback loop serfously enough to
cause oscillation, If this Is the case, it Is recommended that
the foliowling actions be taken:

a, Adjus! equalization contro! A1R48 to remove as-
cillation, or to schieve best possible transient response for
given long load lead configuration. Refer to Paragraph '5-88
for discussion of transient respons2 measurement,

b. }f performing adjustment in step (a) above does not
remove oscillation, conncet a capacitor having simiiar char-
acteristics to thase of the output capacitors (C1, C2, etc,)
used in the supply, directly across [oad using short leads,
Readjust equalization control R48 as in step {a) above after
making this change,

3-44 Although the strapping patterns shown in Figures 3-3
through 3-6 employ local sensing, it is possible to operate a
power supply simultaneously In the remote sensing ond re-

mote programming modes,

345 Auto-Parallel Operation {Figure 3-8)

3-46 Two {maximum) SCR-10 power supplies can be con-
nected in an Auto-Parallel arrangement to abtain an output
current greater than that avallable from one supply. Auto-
Parallel operation permits equal current sharing under all
load conditions, and aifows complete control of the output
current from the naster power supply. The output current

a4 mm B r ag M f 5 2K
Slelolol el ]z Slelalol
MASTER
+ -
BUS puUs
R
eBRRElRRRY PedbERENEE)
4 NSERAD MDY BAT A5 AD A4 ]& ¥5-85 [-a3p2 A 20
SLAVE
+ -
Byt BuS
NGTE:
LEAD LENGTHS FROM + AND — BUSES ON EACH UNIT TO LOAD
{RL} SHOULD BE EQUAL

Figure 3-8, Auto-Parallel Operation
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of the slave will be approximately equal to the master's out-
put current regardless of the load conditions, Because the
output current controls of the slave are operative, t. ey
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,

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

348 Auto-Series Operation (Figure 3:9)

349 Two (maximum} SCR-10 power supplies can be oper-
ated In Auto-Serles to obtain a higher voltage than that
available from a single supply. When.this connection Is used,
the output voitage of the slave supply varles in accordance
with that of the master supply. At inaximum output volt-
age, the voltage of the slave is determined by the setting of
the front panet VOLTAGE cantrols an the master, The
master supply must be the most positive supply of the
scries. The output CLURRENT controls of the slave unit are
aperative ond the current limit is egual to the lowest con-
trol setting, ) any of the output CURRENT controls are
set too low, automatic crossover to constant currint gpera-
tion will occur and the output voltage will drop. Remote
sensing and programming can be used, though th.e strapping
arrangements shown in Figure 3-9 show lacal sensing and
programming.

CAUTION

Model 6483C, of the SCR-10 Series, cannot be
operated in Auto-Series because this supply can
not be floated at more than 100Vdc off ground,
However, “Auto-Tracking’' can be utilized to
ohtain coordinated positive and negative volt-
ages i the center tap of the combination is
grounded (refer to Paragraph 3-52}.

350 In order to maintain the temperature coefficient and
stability specifications of the power supply, the external re-
sistors {Rx) shown in Figure 3.9 should be stable, fow
noise, low temperature coefficient {less than 30pnm 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 R is this voltage divided by the Con-
stant Voltage programming current of the slave supply
{1/Kp where Kp is the resistance programming coefficient),
The voltage contribution of the slave Is determined by its
voltage control setting.

361 Protection dicdes [CRg), connected across the output
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Figure 3-9, Auto-Serles Opeiation

of each supply, prevent internal damages that could occur
from reverse voltages if one supply is turned on before the
other, On six models In the SCR-10 Series, current limiting
resistors are required. Values and part numbers for the re-
sistors and diodes are given [n the chart below.

363 Battery Charging

3-64 The automatic crossover between constant voltage
and constant current displayed by the SCR-10 Series makes
it an [deal supply for battery charging applications, Using
this feature, a battery may be charged at a constant current
untll the maximum charge voltage Is reached at which point
the supply will revery to constant voltage and continue to
suppty a trickle charge current sufficient to maintaln full
charge (sce Figure 3-10), Thus, the charging operation can
be unattended after praperly setting the charging rate and
the maximum charge voltage and connecting the battery to
the output terminals of the supply.

3.66 The procedure for setting the charging rate and full
charge voltage on SCR-10 Series power supplies s as fol-
lows:

8. Turp both the VOLTAGE and CURRENT controls
fully counterclockwise (CCW).

b, Place a short circult acrass the output terminals
and rotate the VOLTAGE control fully clockwise {CW).

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

d. Rotate VOLTAGE control fully CCW and remove
the short clrcuit.

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

3.66 Protection diode CRp prevents a charged battery from

Model CRS Commercial/HP Part No. RS Value

‘ discharging into the supply if the supply is turned off,
6464C A206F/1801.0336 Not required
6466C = AS0F/1901.0335 Not required
6469C AS0A/1901-0338 0.0292
6472C 1N3289/1901.0507 0.0322
6476C IN1187A/1801.0320 0.0822 AN NZ AL RIOAS A8 AT A6 ASAA 4 35-5 = A3 A2 A) RO
6477C  $3270/1901-0326 0.2082 RipklRIpRpI_Flllpllpllylele)
6479C $3270/1801.0326 0.2552
6483C 53270/1801.0326 0.7652 '-s,_curnlhpcilzs_‘ + )

Ey
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i

3-62 When the center tap of an Auto-Series combination fs

grounded, coordinated positive and negative voltages result,

This technique is comimonly referred to as "'rubber-banding"” e

and an external reference source may be employed if de- Eu'eszr':cﬂt* FULL CHARGE

sired, Any change of the internal ar external reference l¢ *CONSTANT CHARGE CURRENT

source {e.g., drift, ripple} will cause an equal percentage Ey» BATTERY VOLFAGE AT WHICH

change in the outputs of both the master and slave supplies, ?::ggful';:rfngzléﬁo?w Rfﬂ

This feature can be of considerable use in apalog computer Em-Ey

and other applications, where the load requires a positive fe

and a negative power supply and is less susceptible to an

output voltage change occurring simultaneously in both sup-

plies than to a change In either supply alone,:
1

Ry

Figure 3-10, Battery Charging
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NOTE

A farge battery, connected as a load, presents 2
farge capacitance scross the output terminals.
This capacitance could cause the supply to oscil-
late; particularly if ramote sensing Is erployed,
To stabilize the supply, potentiometer A1R48
may be readjusted (increase resistance} as out-
fined in Paragraph 5-88. If the maximum resist-
ance of R48 s not su'ficlent, jumper (R58) can
be removed and an sdditional resistance sub-
stituted in series with the poten.. meter.

3.567 Taper Charge. For charging lead-acid cells, the charg-
Ing current should be reduced when the battery is nearing
completion of its charge. This Is accomplished by inserting
g small resistance {RT) In series with one of the load leads
from the supply to the battery which alters the normally
rectengular charging plot in such a manner as to provide a
taper charge for the last portion of the charge cycle, The
value of this resistance [s the difference between the full
charge voltage and the voltage at which the tapering is to
start, divided by the maximum charging current,

358 Battery Discharging ;
3-59 Automatic constant current, unattended discharging
of a battery using the SCR-10 Serjes requires certain
changes in the strapping configuration on the reer barrier
strip as illustrated 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, Before
operation, the user should make sure that the interconnect.
ing leads between supply and battery are secure and cannot
become opened,

3.60 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 malntained across Ry (constant cur-
rent through Rx). This condition will prevalt until the bat-
tery voltage drops to zero. At this paint, the supply will
switch off and no mare current will flow through Ry, Dicde

CRp protects the supply against reverse voltages. 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 yet greater
than the battery voltage.

AMAISA2AL MO A3 ABATAS  ABAM 4 $5-5 ~ ASA2 AL AQ

Rlslelol Ry [Pl yloiy
[
BUS t::S @

Ry *Epflg BUT Rylg
MUST BE =S RATED l

QUTPUT VOLTAGE OF n,j»/——f
____ll]

SURPLY AND>Ey
S
| BATTERY |
OTE:

A JUNPER STRAP ON PC EOARD Al MNUST BE REMOVED FOR
BATTERY DISCHARING REFER TQ TEXT

Figure 3-11. Battery Disci:aruing

3-61 The procedure for the cannection of the companents
in this configuration is as follows:

a. Turn off the power supply and rotate the cur-
rent sontrol full counterclockwise, {The voltage control
will bu disconnected by step b.) ’

b. Remove the designated jumpers (A2 to A3 and
P.C. Board) and connect A2 to the negative terminal of
the battery through 10k resistor,

¢. Connect the negative terminal of the supply to the
positive terminal of the battery.

d. Insert Ry, between the positive terminal of the sup.
ply and the negative terminal of the battery, energize the
supply and rotete the current control to the desired dis-
charge current as read on the front panel meter,

3.62 SPECIAL CPERATING CONSIDERATIONS
3-63 Pulse Loading

3-64 The power supply will automatically cross over from
constant voltage to constant current operation, or the re-
verse, in respanse to an increase {over the preset limit) in
the output current or voltage, respectively, Although the
preset limit may be set higher than the average output cur-
rent or voltage, high peak currents or voltages {as accur in
pulse loading) may exceed the preset limit and cause cross-
aver to occur, |f this crossover limiting Is not desired, set
the preset limit for the peak requirement and not the
average,
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Flgure 4-1. Overall Block Diagram
4.1 OVERALL BLOCK DIAGRAM Constant Current comgarators as a feedback loop. The feed-
DISCUSSION back loop determines the firing time of the SCR's so that a
. regulated ac input voltage s applied to the primary of the
4-2  The major circuits of the power supply are shown on power transformer. The adjusted ac is t} en stepped-down by
the overall block diagram of Figure 4-1, The three phase ac the power transformer and receives full wave rectification
input passes through normally closed contacts of contactor and filtering before sppearing at the cutput bus bars as a
K2 to the SCR regulator circuit, Under normal operating constant dc output voltage or current,
conditions, K2 is maintained energized by the overload cir-
cuit, as will be explained later. The requlator contains three 4.3 Feedback Loop
SCR’s, one per phase, which eperate in conjunction with
the firing circuits, error amplifier, and Constant Voltage / 4-4  During normal operation, the feedback signals
4-1
—-w-_— e . ” o —————— —
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controlling the SCR firings originate within the constant
valtage or constant current comparator. {The SCR's are also
cantrolled by the current balance circuit and, in certain in-
stances, by various protection circuits, as will be explained
subsequently.} During constant voltage operation, the con-
stant voltage comparator continuously compares the output
voltage of the supply with the drop across the VOLTAGE
cantrals. If these voltages are not equal, the comparatar pro-
duces an amplified error signal which is further amplified by
the error amplifier and fed back to the finng circuits, On the
basis of the amplitude and polarity of the feedhack 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 to set the output voltage at the level estab-
lished by the VOLTAGE controls.

46 During constant current operation, the constant cur-
rent comparator detects any difference between the voltage
drop developed by the load current flowing through the cur-
rent sampling resistor and the voltage acrass the CURRENT
controls, | the two inputs to the comparator are momentar-
ily unequal, an error signal Is generated which {after ampli-
fication) rlters the firing angle of the SCR's by the amount
necessary to reduce the error voltage at the comparator in-
put to zero. Hence, the IR drop across the current sampling
resistor, and therefore the output current, is maintained at

a constant value.

4-6 Since the constant voltage comparator tends to achleve
zero cutput impedance and alters the output current when-
ever the load resistance changes, while the constant current
comparator causes the output impedance to be infinite and
changes the output veltage in response to any load resistance
change, it is obvious that the two comparison amgplifiers can
not aperate simultaneously, For any given value ot load re-
sistance, the power supply must act either as a constant volt-
age sourca or as a constant current source = |t cannot be
both.

4.7 Figure 4-Z shaws the output characteristic of a con-
stant voltage/constant current power supply. With no load
sttached (R ==}, louT = 0, and EQuT = Es, the front
pane! voltage control setting. When a load resistance s ap-
plied to the output terminals of the power supply, the out:
put current increases, while the output voltage remains con-
stant; point D thus represents a typical constant voltage op-
erating point. Further decreases in load resistance are ac-
companied ..y further increases in |gUT with no change in
the gutput voltage until the ogutput current reaches Ig, 3
value equal to the front panel current zantrol setting. At
this point the supply automaticaily changes its mode of op-
eration and becomes a constant current source; still further
decreases in the value of load resistance are accompanied by

4.2

OPEN
CIREUIT caN s'rAn'I VOLTJ?GE
LCAD /" OPERATING REGION
E 22 .
5 ‘ 7 Z1°
/ / CONSTANT CURRENT
RL>Re-ey RL'Fc*;" OPERATING REGION
/ /RSRC g
P N
/
roy
/ / g
Eour| Pt
!, L
1, e
A ag |
1 R 5y SHORT CIRCUIT LOAD
0
lgyp—*
0 ‘S

Eg=FRONT PANEL VOLTAGE CONTROL SETTING
I's sFRONT PANEL CURRENT CONYROL SETTING.
Es “CAITICAL® OR "CROSSOVER" VALUE

Rca-—n

Ig OF LOAD RESISTOR.

Figure 4-2, Operating Locus of a CV/CC Power Supp'y

a drop In the supply output voltage with no accompanying
change in the autput current value, With a short circuit
across the output load terminals, IguT = ES and EQuT = 0.

4.8 The "crossover” value of load resistance can be defined
as Rg = Es/Ig. Adjustment of the front panel voltage and
current controls permits this “’crossover” resistance RC to be
set to any desired value from 0 to oo, If RL is greater than
Re, the supply Is in constant voltage operation, while if Rt
is less than R, the supply is in constant current operation.

4.9 Current Balance Circuit

4-10 The current balance circuit maintains the rms smpli-
tude of the input current flowing in the phase B and phase
C lines equal to input current flowing in the phase A (refer-
ence) 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
jssues an error signal to the firing circuits. The tiring of the
phase B or phase C SCR is then advanced or delayed in ac-
cordance with the polarity of the original difference signal,
Hence, the current balance circuit allows the unit to oper-
ste with a line-to-line input voltage unbalance of up to 8%.

4.11 Turn-On Control Circuit

4-12 The turn-on control circuit is a long time constant
network which achieves a slow turn-on characteristic. This
feature protects loac devices by minimizing turn-on over-
shoot, At jurn-on, the control circuit provides an inhibit




voltage to the firing circuits {via the error amplifier) keeping
the SCR's off for approximately 20 seconds. After 20 sec-
onds, the inhibit voltage is removed and the circuit no loang-
er exercises sny control over the operation of the supply.

413 Overvoltage Protection Feature

4-14 The overvoltage protection circuit prevents the putput
voltage of the supply from exceedirg 110% of rating. It
monitors the ocutput voltage of *he supply and, if it exceeds
the 110% threshold, sends b *hold”’ '5jgnal to the firing cir-
cuits. This circult is seldom activated because the constant
voltage comparator prevents the output voltage from ex-
ceeding the limit established by the front panel VOLTAGE
controls, However, if the constant voltage comparator
should fail, the overvoltagd protection circuit provides the
necessary backup protection,

4.16 QOvercurrsnt Protection Circuit

4-16 The overcurrent protection circuit provides backup
protection for the constant current comparator being simi.
lar to the overvoltage protection circuit in this respect. The
overcurrent circult monitors the autput current (IR drop
across sampling resistor) and generates a "hold"” signal to
the SCR firing circuits if the output current attempts to ex-
ceed approximately 116% of rating.

4-17 Early Overcurrent Protection Circuit

4-18 Further overcurrent protection is afforded by the
early overcurrent protection circuit. This circuit minimizes
output current overshoot during initial short clecuit condi-
tions. If the output of the supply is shorted, both the line
current and the output current attempt to rise. The early
overcurrent protection circult monitors the line current
{phases B and C) and generates e turn off signal to the SCR
firing circuits if the line current exceeds about 40% of the
nominal peak value, The three SCR’s are then turned-off
momentarily until the line current falis below the 40%
threshold and the early overcurrent protection circuit is de-
activated, At this time, the constant current comparator and
remaining components of the feedback loap again assume
control of the SCR's keeping the output current constant
despite short circuit conditions.

4-19 Although the constant current cormparator attempts
to keep the output current trom rising when the output is
first shorted, it requires approximately B cycles of the Input
ac hefore a carrection can be made. This delay is a result of

the overall loap respanse time and is mostly caused by equal-

izing networks within the error amplifier. The early overcur-
rent circuit overcomes this delay by bypassing the error am-
plifier and Injecting its tur voff signal directly irto the firing
circuits, With this arrangement, correction can begin after

only one cycle of the Input ac.

43

4-20 Phase Protection Circuit

4.21 Another protection circuit used in this supply is the
phase protection cir wit. This circuit insures that no damage
will occur internally should one or mare of the input phases
fait or If the ac voltage on all three input lines falls below
25% of the input rating. If such a failure does occur, the
phase protection circuit clamps the feedback control signal
off at the Input to the error amplifier. When the input lines
return to normal, the operation reverses itself,

4:22 Overload Circuit

4-23 This circuit detects the presence of an extended over-
current or an overtemperature condition and deenergizes
contactor|K2 [ either of these conditions accur, With K2
deenergized, the 3-phase ac input path [s interrupted shut-
ting down the supply. Contactor K2 Is also deenergized if
the overloed circuit recelves a *’trip” input from the over-
vultage crowbar {eptional circuit),

4.24 The overload circuit continuously monitars the Jine
current on phases B and C and deenergizes K2 if the line
current exceeds approximately 40% of the naminal rms line
rating of the unit for a period of about one second, The
overload clrcuit also iHluminates the OVERCURRENT PRO-
TECT tamp on the front panel under these conditions. Dur-
ing normal operation of the supply, the early overcurrent
protection circuft and/or the constant current feedback loop
will compensate for overcurrent problems before the over-
load circuit ever becomes activated, However, should a fail-
ure occur within these overcurrent protection ¢lrcuits, the
overload clreuit would then become activeted deenergizing
K2 and shutting off the supply.

4.26 A thermal switch, mounted on the SCR heat sink, pro-
vides avertemperature protection by opening if the heat

sink temperatuye rises to 2000 £ GOF {208Vac or 230Vac
input) or 1700  69F {3B0Vac, 400Vac, or 460Vac input),
Opening the thermal switch deenergizes contactor K2 and
removes the short across the TEMPERATURE lamp, allow-
ing it to light,

4.26 Reference Supply

4-27 The reference supply provides regulated bias voltages
which are used by the internal circuitry throughout the
main power supply. All of the voltages shown are regulated
except for the -24V,

428 Overvoitage Crowbar (Optional Circuit — not
available for Model 6464C)

4-28 A built-in overvoltage ""crowbar” protection circuit

{Option 006) can be ordered with any power supply in the
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SCR-10 Séries with the exception of Model 6464C, Th's cir-
cuit monitors the cutput voltage of the supply and fires an
SCR f the output voltage exceeds a preset and adjusiable
threshold; The conducting SCR effectively shart circuits the
sulpplv reducing the output to near zero volts, Complete de-
tails concerrdng the Option 006 crowbar circuit are given in
Appandix A.

4-30 DETAILED CIRCUIT ANALYSIS (See
Schematic, Figure 7-7)

4.31 SCR Regulator and Firing Circuits

4-32 The SCR requlator, operating in conjunction with the
firing circuits, controls the amount of ac power applied to
the primary of the power transfarmer, Each of the three in-
put phases {arbitrarily designated A, B, and C) has an SCR
and firing circuit assoclated with it,

4.33 Each SCR conducts upon the simultaneous application
of a negative voltage to [ts cathode (input ac) and a poslitive
voltage to ts yate lead. The gate signal {firing pulse) used to
turn on the SCR is a positive going pulse of about 3.5 volts
having & duration of approximately BOusec. Once the SCR is
fired, it remains in conduction {even though the gate Inputis
removed) until the input ac swings positive,

4-34 Inductors L1, L2, and L3 limit surge currents due to
the conduction of their respective SCR’s. A capacitive net-
work, connected across each SCR, filters voltage transients
caused by contactor K2 when it is energized or deenergized,
Also connected across each SCR Is a diode {CR1-CR3)
which protects the SCR against reverse voltages and also
serves as the return path for the current from one of the
other phases,

4.35 Firing Circuits. The three phase tiring 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 loop re-
quirements. As indicated on the schematic, everything Is
done in triplicate, For each phase there is a blocking oscila-
tor which s synchranized 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 voltage
from error amplifier A1U3, This voltage varies between -1V
de to +3Vdc {with respect to common V at terminal A7)
as a function of the output conditions. The feedback voltage
is applled to an integrating network {R7, C3-R17, C13 and
R27, C23) in the emitter circuit of each blocking oscillator.
The emitter capavitors produce a steadily rising ramp volt-
age whose origin is spproximately -12,4V {see Figure 4-3).
The waveform on the base of each blocking oscitlater is
mainly the resaft of internal generators A2R28, A2C4 -

BASE BLK 05C

:

|
RESET +12 AVanf—
P 32 _I'/
-(24Y

Figure 4-3. SCR Firing Circuit, Timing Diagram
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AiR100, A2C14 and A1R120, A2C24 which produce an
11msec wide, rectangular shaped w seform. The 5.6msec
wide negative portion Is flattened by the action of clamping
diodes CR6, CR16 and CR26. The positive going emitter
voltage rises to meet the base voitage and when the base-
emitter bias reaches about 0.6Vdc the applicable transistor
{Q1, Q2, or Q3} becomes forward biased Initiating blocking
oscillatar action. Regenerative coupling between the collector
and base windings of each transformer (T7, T8, and T9) rap-
idly drives the transistor into full conduction where it re-
mains {for about 6Qusec) until the transformer becones
saturated. At this time, the collapsing magnetic field returns
the blocking oscillator to the noncanducting state,

4-37 The firing pulses are taken from the output winding of
each transformer and applied between the gate and cathode
of the appropriate SCR. Diodes CR2, CR12 and CR22 con-
nected across the output windings, are used to damp out
negative overshoot. Resistors R1, R11 and R21 providea
bleed path for current flowing out of the SCR gate terminal,
while diodes CR1, CR11 and CR21 block the voitage estab-
lished by the gate current from reaching the cutpat windings.

4.38 Capacitors C1, C11, and C21 between base and emitter

- of each blocking oscillator transistor prevent spurlous 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.

4.39 Raset Operation, At the end of each input line cycle
the applicable emitter ramp capacitor {C3, C13, or C23) and

4-4
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base capacitor {C4, C14, or C24) are reset to their starting
voltages (-12.4V and ~11V, respectively). The resetting oper-
ation |s performed by the positive going rectified waveform
recelved by the firing circuits at TP32 {Figure 4-3). lnput
diades CRB, CR15, and CR25 clamp the base of the wave-
farm at the ~12,4V reference level, The reset signals are
coupled’to the ramp and base capacitars through diodes
CR3, CR4 (phase A} CR13, CR14 {phase B) and CR23,
CR24 {phase C). Reset starts during the negative transition
of the reset waveform and the base and emitter capacitors
require about 2msec to reach thelr storting voltages, The
capacitors remain at this point for shout 6,6m:ec wherevpan
a new ac input cycle begins and the entire apecation is re-
peated, '

440 Firing Angle Datermination. The firing angte of the
SCR's determines the amount of ac power applied to the in-
put transformer and, thus, the amplitude of the dc output,
An SCR that is fired at an early point in the input eycle pro-
vides a higher output than one that is fired later in the input
cycle.

4-41 Two types of inputs to the firing circuits control the
time at which the firing pulses are generated, The input
having the greatest degree of control is the main feedback
loop input from the error amplifier, As previously mention-
ed, this input varles between -1V and +3V according to the
output conditions, A mare positive feedback voltage in-
creases the steepness of the positive going ramp on the emit-
ters of each blocking oscillator and the SCR’s are fired early
in the input cycle. The reverse is true for 8 more negative
feedback voltage. In this manner, the feedback voltage cor-
rects for output changes due to varlations in the load resist-
ance ar line voltage,

442 The second Input 1o the firing circuits consists of the
phase 8 and phase C contral signals fram the current balance
circuit. These signals correct for small line-to-line variations
in the three phase input currents. To accomplish this, the
control signals are fed directly to base capacitors C14 ond
€24 in the phase 8 and C blocking oscillators, If the line cur-
rents are all equal to each other the two control signals are
at OV potential and da not affect the tiring circuit, If the
line currents become unequal, the phase B or phase C con-
trol signal swings momentarily positive or negative, depend-
ing on the polarity of the original difference. A control sig-
nal that mamentarily swings negative at the base of the
blocking oscillator, allows the emitter ramp voltage to catch
the base voltay 2 earller in the cycle thus Increasing the SCR
firing angle. A pasitive going current balance contro! signal
has the opposite effect, '
4-43 SCR Firing Circuit and Regulator Behavior at Low
Outputs. Each firing circuit and its associated SCR has a
minimum operating threshold below which turn.on of either,

or bath, will not accur, This threshold polnt varies and Is
determined by the inherent characteristics of both the firing
circuit ond the SCR of Interest,

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

only two or even one SCR will conduct during the associated
input cycle, Moreover, ot very low autputs, the cctive SCR
may skip one, or more, cycles between conduction periods,
Because of these factors, the regulation, stabllity, overshoot,
and linear programming characteristics of the supply are
somewhat degraded at low outputs, The minimum outputs
in both Constant Voltage and Canstant Current operation at
which the supply will perform within specifications are given
in the output ratings of Table 1-1 in this manual,

4.45 Constant Voltage Comparator

4-46 This circuit consists of the front panel programming
resistors (R1 and R2), a differential amplitier stage, (A1U1
and assoclated components), and a constant current source,
A1Q1. An integrated circult is used for'the differential am-
plifier to minimize differential voltages due to mismatched
transistors and thermal differentials,

4-47 The constant voltage comparator continuously com-
pares the voltage drop across the VOLTAGE controls with
the output voltage and, if a difference exists, praduces an
error voltage whose amplitude Is proportional t~ this differ.
ence. The error signat ultimately alters the conduction angle
of the SCR regulators which, in turn, alter the output cur-
rent so that the output voltage becomes equal to the voltage
drop across the VOLTAGE caontrols, Hencs, through feed-
back action, the difference betwe}en the two inputs to U1 is
held at zero volts.

4-48 One input of the differential amplifier {pin 1) is con-
nected to the output voltage sensing terminal of the supply
{-5) through impedance equalizing resistor A1R1. The other
input of the differential amplifier {pin 10) is connected to a
summing point (terminal A2) at the junction of the pro-
gramming resistors and resistor R6. Instantaneous changes
in the output voltage or 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
difterential amplifier. This difference voltage Is amplified
and appears at the output of the differential amplifier (pin
11) as an error voltage.

4-49 Resistor B2, in series with the summing-point input
to the differential smplifier, limits the current through the
programming resistors during rapid voltage turn-down.
Diodes CR1 and CR2 prevent excessive voltage excursions
from over-driving the differential amplifier,
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4.60 During canstant voltage operation, the programming
current flowing through the programming resistors {(VOLT -
AGE controls) is hetd constant by the action of constont
current scurce, Q1, A canstant current flawing through the
programming resistors assures linesr constant voltage pro-
gramming.

4.51 Comparator Protection Circuit {used only on
Madels 6472C, 6476C, 6477C, 6479C, and 6483C)

4-52 As indicated in the ahove paregraph heading, this cir-
cuit is only used in the higher voltage Models of the SCR-10
Series of power supplies, The circuit consists of a small three
phase power supply which is used to forward bias diode
AICR3, The power supply consists of wye connected trans-
formers A3T1, A3T2, end A3T3, and a half-wave rectifier
{A1CRB, CR6, CR7) and filter {A1C4), During normal oper-
atian, this supply forward biases protection diode CR3,
which is connected in series vwith the summing input to
A1U1 {pin 10}, Under these conditions, the diode acts as a
near short circuit and has no effect on the operation of the
constant voltage comparatar, However, under no-load con-
ditions {or with a highly capacitive load), if the supply is
rapidly down programmed, diode CR3 becomes reverse
biased due to a positive going transtent at its cathode, With
diode CR3 reverse biased, the input path to comparator
A1U1 is opened preventing damage to the device.

453 Constant Current Comparator

4.54 This circult is similar in appearanc'e and operation to.

. the constant voltage comparator circult, It cansists of the

coarse and fine current controls {R3 and R4) and & differ-

ential amplifier stage {U2 and assaciated components). As

tn the canstant voltage comparator, an integrated circuit is
used for the differential amplifier to minimize differential

voltages due to mismatched transistors and the;mal differ-
entials,

4.85 The constant current comparator circuit continuously
compares the voltage drop across the CURRENT controls
with the voltage drop across the current sampling resistors
A4R123A-A4R123B, If a diffcrence exists, the differential
amplifier produces an error signal which [s proportienal to ‘
this difference. Th2 remaining comporltems in the feedback
loop {amplifiers, firing circuit and SCR’s} function to main-
tain the drop across the current sampling resistors, and
hence the output current, at a constant value,

4-86 One inout of the differential amplifier (pin 1) is con-
nected to the supply’s common point which is tied to
the outbound side of the sampling resistors. The other input
of the differential amplifier {pin 10} is connected to a sum-
ming point {terminat AB) at the junction of the program-

" ming resistors and the current pulloutresistors R25 and R26.

4-6

Changes in the output current due to joad changes or
changes in the voltage at the summing point due to manipu-
tation of the CURRENT controls produce a difference volt-
age betwean the two inputs of the differential amplitier,
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.

4.87 Error Amplifier

4.6 Qperational amplitier stage U3 provides most of the
feedback loop gain, During normal operation, U3 receives
the feedback voltage at its non-inverting input from either
the constont voltage or constant current comparator via OR-
gate diode CR23 or CR24, Diode CR23 is forward blased
and CR24 reverse biased during constant voltage opergtion,
The \everse [s true during constant current operation.

4.59 Under overcurrent conditions, U3 can also be driven
by the overcurrent protection circuit via OR-gate diode
CR25, As previcusly mentioned, protection circuit inputs
are applied directly to pin 3 of U3.

4.60 Feedback networks €16, R60 and €20, R46 shape
the high 'requency rolloff in the laop gain response to sta-
bilize the feedback loop.

4.61 Qvercurrent Protaction Circuit

4-62 Stage U2 monitors the output current (IR drop across
the sampling resistors) and conducts if the output current
exceeds zbout 115% of the output current rating. Resistor
A1R38 is factory selected to set the 116% threshold point,

4-63 Turn-On Control

4-64 This circuit minimizes turp-on overshoot by keeping
the SCR's off for approximately 20 seconds after the unit
is turned on, At turn-on, Q4 conducts, providing a less posi-
tive voitage to the errar amplifier. This voltage keeps the
SCR's off until C23 charges up turning off Q4, Diode CR27
provides a quick discharge path for C23 when the supply is
turned off.

4.65 Overvoltage Protectidn Circuit

4.66 This circuit prevents the output voltage from exceed-
ing approximately 110% of the maximum voltage rating.
Under non-overvoltage conditions, transistor Q10 is cutoff
due to the -12.4V bias connected 1o its base, If the voltage
at the + output bus hecomes positive enough {exceeds the
110% threshold) Q10 conducts clamping the error amplifier
input. Resistor R82, mounted on standoffs, is factory se-
lected to obtain the desired trip point,
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4-67 Phase Protection Circuit

4.68 This circuit protects the SCR's and power transformer
in case one of the input phases should fail, The three phase
input ac is rectified by CR38, CR39 ond CRA4W, filtered by
C30, and the resultant voltage on the base of Q9 is normal-
ly negative enough to hold the transistor off, However, |f
one of the input phases falls, (or if all three phases drop be-
low 26% of the nominal voltage) the voltage across C30 be-
cames positive enough to break down zener diode VR10
and drive Q9 into conduction, The conduction of Q9
clamps the input to the error amplifier to a less positive
voltage, thus turning off the SCR's.

4-69 Resistor R77, in the base circuit of Q9, is factory se-
lected to obtain the desired trip point.

4.70 Early Overcurrent Protection

4-71 This circ tit provides rapid protection for the load
during initial ~.i1ort circult conditions. When octivated, this
circuit Injects a negative cutoff voltage directly into the tir-
ing circuits by passing the loop delny caused by the error
amplificr, '

4:72 A voltage that Is proportional to the tine current is
applied to stage A1Q3 from a rectifier and filter {shared by
the overload circuit), Without en overload, transistor Q3 s
conducting but not sufficiently to breakdown VR4 in its
collector circuit. Thus, A1Q2 is cutoff and the circuit is de-
activated. The circuit becomes activated if the input line
current rises to about 40% of its normal peak value, In this
case, the Increased conduction of Q3 breaks down zener
diode VR4, forward biasing CR'19 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 acceptable level.

i

4.73 Current Balance Circuit

4-74 This circult controls the firing of the phase B and
phase C SCR’s so that the input currents on these lines are
equal in amplitude to the input current on the phase A
(reference) line.

4.76 The current balancing circuit for each of the corre ted
phases {B and C) receives its input directly from the asso:'-
ated input wire, which is run physically throug.. the eir-core
of input transformer A3T10 and A3T11, respectively, Each
input wire serves as the primary of its input transformer,
inducing the ac current flowing along that wire into the sec-
ondary winding. The ac current waveform on each input
wire is of a rectangular shape and consists of positive and
negative excursions. The negative current flows through the
SCR assaciated with the input line while the positive current

4-7

flows through a companion diode {CR1, CR2, or CR3) and
is, in fact, the return current from another phase. The returr
current for the reference phase {A) flows through diode
CR2 or CR3 and, therefare, appears on the phase Bor C
line as o 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 ohase A or
phase B,

4.76 It is the function of each current h~lancing circuit to
maintain the amplitudus of these posit 1 negative In-
put currents equal, The positive pulses sre rectified by
CR46/CR48, filtered by C34/C44, anc the resultant posi
tive dc current Is applied to the pin 2 of U4/UB via sum-
ming resistor RI6/R116, The negative excursions are recti-
fied by CR45/CRA47, filtered by C36/C45, and the negative
dc current is summed with the positive current by summing
network R94, RO5/R114, R115. f the amplitude of the
pasitive and negative currents are unequal, an error signal
is developed at the output of U4/US and fed to the firing
circuits, This error signal affects the bias on the base of
Q2/Q3 and ultimately advances or delays the firing of the
SCR’s according to the polarity of the original error signal.
Onca the amplitudes of each of the positive and negative
input currents hecome equal, no error signal {zero valts) is
generated by U4/UB,

4-77 Potentiometers R101 and R121 provide o means of
offsetting minor Jdifferences in the phase B and phase C
current balance loop.

4.78 QOverload Circuit

4.79 The overload circuit detects the presence of an over-
temperature or extended overcurrent condition and deener-
gizes powey contactor K2 if either of these conditions c.a-
cur, The circuit also provides a visual indication of both con-
ditions.

4-80 Overcurvent Circuit, Diodes CR50 through CR53
and capacitor C52 rectify and filter the phase B and C line
voltage to provide a dc voltage which is equivalent to the
line current, During normal conditions, {no overload) the
rectified voltage is not sufficiently positive to turn-on uni-
junction transistor Q11. With Q11 off, retay K1 Is energized
once power [s applied to bridge rectifier CR64-CRF7
through the LINE switch, Closed contacts (8 and 1 J} of K1
then allow K2 to energize, permitting application of the
main three phase power to the unit,

4-81 If 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)
cannected across relay K1, With K1 deenergized, the
ac path to contactor K2 is broken deenergizing this refay
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and removing the ac power. Notice that 2 phase power s
stil} applied to the overload circuit keeping CRE8 in conduce-
tion and iluminating the OVERCURRENT PROTECT lamp
through closed contacts of K1, it requires approximately
one second for the relays to deenergize end shut off power,

4-82 Overload relay K1 is also deenergized if the crowbar
circuit {optiona’ circuit) Is activated, The pulse Is applied to
an additional winding of T6 to *CR CRE8, The OVERCUR-
RENT PROTECT lamp will si50 be Hluminated in this case
together with the CROWBAR lamp,

4.-83 After an overload occurs and the condition has been
corracted, the operator must set the LINE switch to OFF,
wait at least 3 seconds, and then set the LINE switch to ON,

4-84 Overtemperature Circuit. The uvsertemperature com-
ponents are TC1 and parallel connected TEMPERATURE
tamp DS3, Thermal switch TC1 is closed without an over-
temperature condition. The near shart circuit, created by
TC1 across TEMPERATURE lamp DS3 keeps the lamp off
during this condition. If the heat sink temperature rises
abave the limits specified in Paragraph 4-26, TC1 opens

48

deenergizing contactor K2 ond allowing the TEMPERA-
TURE lamp to light. When the unit cools sufficiently, TCH
again closes,

4.85 Reference Supply

4.86 The reference supply is a seif-contained feedback sup-
ply employing a series regulator, The supply provides stable
reference voltages whic» are used throughout the unit,

4-87 The reference voltages are alf derived from a full wave
rectifier (CR28 through CR33) and fiiter (C26) which pro-
vide an unregulated -24Vdc, The regulating circult consists
of series regulator QB, driver Q8, and ditferential amplitier
stage Q7 and Q8, The differential amplifier compares the
voltage at the junction of a voltage divider {equal resistors
R64 and R69) connected across the output {24.8V) with
the voltage at the supply’s comman point, . Any ditfer.
ence in voltage is detected and fed to series regulator Q5 in
the correct phase end amplitude to maintain the output cor
stant, The +6,3 and -B,2 voltoages are developed across zendr
diodes VR1 and VRS, Qutput capacitors C27 and C28 sta-
billze the regulator feedback loop,
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- SECTION V
MAINTENANCE

51 INTRODUCTION

B-2 Upon receipt of the power supply, the performance
check {Paragraph 5-5) » should be made. Thi- check is suit-
able for incoming inspection. If a fault i .2tected In the
power supply while making the perfarmance check or during
normal operation, praceed to the troubleshaoting pracedures
{Paragraph 5-35), After troubleshooting and repair (Para-

greph 5-54), perform any necessary adjustments and calibra-

tions {Paragraph 5-68), Before returning the power supply

to normal aperation, repeat the performance check to en:
sure that the fault has been properly corrected and that no
other faults exist, Before performing sny maintenance

checks, turn on the power supply and altow a half-hour

warm-up.

5.3 TEST EQUIPMENT REQUIRED

5-4 Table 5-1 lists the test equipment required to perform

the various procedures described in this section.

Table 5-1. Test Equipment Required

REQUIRED,

tion {min.) Accuracy: 1%.

TYPE CHARACTERISTICS USE RECOMMENDED MODEL

Differential Sensitivity: 1mV full scale {min.) Measu:e dc voltages; HP 3420A/8

Voltmeter Input impedance: 10MS2 {min.}, caliw~ation procedures.

Qscilloscape Sensitivity and baidwidth: 100u\/ Measure ripple; display HP 140A with 1423A time
cm and 400kHz for all measure- transient recovery waove- base and 1400A vertical
ments except noise spike; BmV sen- fqrrn; measuse noise plug-in; 1402A plug-in for
sitivity and 20MHz bandwidth for spikes, spike measurement,
noise spike measurement, .

Variable 18k VA open Delta 0—270Vac or Vary ac input for line General Radio Model

Voltage 54,3k VA 0-560V GEA, regulation measurement, W30HG-2 or Power Stat

Transformer Type 1266D-64,

AC Voltmeter Sensitivity: 1mV full scale deflec- Maasure ac voltages and HP 4038.
tion j(min.} Accurucy: 2%, ripple.

* DC Voltmeter Sensitivity: 1TmV full scale deflec- Measure dc¢ voltages, HP 412A,

AC Ammeter 0-300A clip-on prabe, Measure ac line current, Amprobe Modef RS-3.
Resistive Value: see Figtre b-1, 10kW rating. Power supply load resis-

Loads tors. .

Current Accuracy: 1%. Provides 50mV at Measure output current; Simpson Switchboard
Sampling rated output current. Values: see calibrate ammeter, Type Shunts. 6500 or
Resistors Figure 5-7. ‘ 6700 Series.

{Shunts) '
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6556 PERFORMANCE TEST ‘

5-6 The following test can be used as an incoming inspec.
tion check and appropriate portions of the test con be re-
neated either to check the operation of the instrument aftar
repairs or for periodic makntenance tests. The tests are per-
formed using the rated 3 phase input powar source, if the
correct result [s not alstained for a particulzr check, do not
adjust any Internal controls; proceed to troubleshooting
{Paragraph 5-35), |

5-7 Constant Voltage Tests

58 If maximum accuracy is to be obtained in the follow-
ing measurements, the measuring devices must be connect-
ed to the sensing terminals {+S, ~S}. This Is particularly im-
portant when measuring the transient response, regulation,
or rippte 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
orders of magnitude greater than the supply impedance,
thus invalidating the measurement,

659 To aveid mutual coupling effects, each manitoring
device must be connected to the sensing terminals by a
separate pair of leads. Twisted palrs or shielded two-wire
cables should be used to avoid pickup on the measuring
leads. The load resistor should be connected across the gut-
put busbars as close to the supply as possible, When mea-
suring the constant voltage performance specifications, the
current cantruls should be set well above {at least 10%) the
maximum output current which the supply will draw, since
the anset of constant current action will cause a drop in
output voltage, increased ripple, and other performance
changes not properly ascribed to the constant voltage oper-
ation of the supply.

CAUTION

Never connect a load (or 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 to protect
against shock hazard,

5-2
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5-10 Voltage Qutput and Voltmeter Accuracy. To check
the output voltage, proceed as follows:

a, Connect load resistor {R} Indicated in Figure 6-2
across output busbars,

b, Connect differential voltmeter across +5 and -5 ter-

minals of supply, observing correct poiarity.

¢. Turn CURRENT controls fully clockwise,

d. Turn on supply and adjust VOLTAGE controls
until front panel meter indicates exactly maximum roted
output voltage,

e. Differential voltmeter should indicate maximum
rated output voltage + 2%,

5-11 Load Regulation,
Definition: The change AEQUT in the static
value of dc output voltage resulting from a
change in load resistance from open clircuit to a
value which yields maximum rated output cur-
rent {or vice versa).

B-12 To check the constant voltage load requlation, pro-
ceed as follows:

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

b. Turn CURRENT controls fully clockwise.

¢. Turn on supply and adjust VOLTAGE controls un-
til front panel meter indicates exactly maximum rated out-
put voltage,

d. Read and record voltage indicated on differential
voltmeter,

e, Disconnect load resistor.

f. Reading on differential voltmeter should not vary

POWER SUPPLY MCDEL | Ry (OHM5}
UNDER TEST 6464G 0.008
6466C 0.036

5+ - -8 6469C | O 120
9 D D9 §472¢C 0.425
£472C 1,100

6477¢C 4.400

R BATIC B.500
€483¢c | 40.000

DIFFERENT)AL
VOLTMETER

Figure 5-1. Constant Voltage Load Regulation Test Setup
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fraom reading recorded in Step {d) by more than:

Model Varlation {mVdc)
6464C 9

6466C 14

6469C 23

6472C 132
6476C 165
6477C 200
8479C' 250
6483C 400

5-13 Line Regulation,
Definition: The change AEQUT in the swatic
value of de¢ output voltage resulting from o
change in ac jnput voltage over the epecified
range from low' line to high line, or from high
line to low ling.

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

a. Connect test setup shown in Figure b+1,

b. Connect varjable auto transformer between input
power source and power supply pawer input.

‘ c. Adjust variable auto transformer for low line Input
{~10% of input rating),

d. Turn CURRENT controls fully clockwise,

e, Turn on supply and adjt:st VOLTAGE controls un-
til front panel meter indicates exsctly maximum rated out-
put voltage.

f, Read and record voltage indicated on differential
valtmeter.

q. Adjust variable auto transformer for high line input
{(+10% of input rating).

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

Model Variation {(mVde)
\ 6464C 9 ,
6466C 14
6469C 23
g6472C 132
6476C 166
6477C 200
6479C 250
6483C ‘ 400

5-156 Ripple and Noise,
Definition: The residual ac voltage superim-
pased on the dc output of a regulated power
supply. Ripple and noise may be specified and
measured [n terms of its rms or (preferably)
peak-to-peak value,
Ripple end noise measurement can be made at any input ac
line voltage combined with any dc output voltage and foad
current within the supply’s rating.

§-16 The amount of ripple and noise that is present in the
power supply cutput is measured either In terms of the rms
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or {preferably) peak-to-pesk value, The peak-to-peak mea-
surement is particularly important for spplications 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 nolse 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. If desired, two single-
conductor shietded cables may be substituted in place of the
shielded two-wire cable with equal success. Becouse of its
common mode rejection, a differential oscllloscope displays
only the difference in signal between its two vertical input
terminals, thus ignoring the effects of any common mode
signal produced by the difference in the ac potential be-
tween the power suppiy case and scope case, Before using a
differential input scope in this manner, however, it is imper.
ative that the commaon mode rejection capability of the
scope be verified by sharting 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 scope is properly ignor-
ing any common 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 made refection is
attained,

5-18 Although for this measurement the negative busbar is
connected to chassis ground, the user should bear in mind
that neither busbar should be connected to chassis in an
getual operational setup (refer 1o Paragraph 3-19},

B-19 To check the ripple autput, proceed as follows:

POWER SUPPLY

OSCILLOSCOPE

g:EIEEEz

~O+}vsnr.
0] INPUT

DA 1~ 91) apn

28 - En“ *
pc- ol /INPUT_
GNU- _TG

MODEL |RL IOHMS) CORRECT METHOD OF MEASURING
§464C | 0003 RIPPLE USING A DIFFERENTIAL
eaccc T o038 SCOPE WITH FLOATING INPUT.

‘1 eassc 0120 COMMON MODE REJECTION OF
64728 10 A28 DIFFERENTIAL INPUT SCOPE
€4760 |1 100 IGNORES DIFFERENCE IN GROUND
64T7C | 4.400 POTENTIAL OF POWER SUPPLY B
£479¢ | B 60D SCOPE, SHIELDED TWO WIRE

[ 6483¢ [40,000 ]  FURTHER REDUCES STRAY PICK-uP

ON SCOPE LEADS.

Figure 5-2. Rippls Test Satup
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8. Connect oscilloscope or rms voltmeter as shown in
Figure 5-2.

b. Turn CURRENT controls fully clockwise,

c. Adjust VOLTAGE controls until frant panel meter
indicates maximum rated output voltage.

d. The observed ripple should he less than the follow-
ing:

Model Rms/Peak-to-Peak
6464C BOmV/IV
6466C 180mVv/1V
6469C 180mV/1V
6472C 160mVI11V
6476C 220mV/2v
6477C 330mv/2v
6479C 300mv/2v
6483C 600mV/bV

5-20 Noise Spike Measurement. When a high frequency
spike measurement s being made, an instrumeny of suffi-
cient bandwidth must be used; an oscilloscope with a band-
width of 20MHz or more Is adequate. Measuring noise with
an [nstrument that has insufficient bandwidth may conceal
high frequency spikes detrimental to the load,

6-21 The test setup [llustrated in Figure 5-2 is generally not
acceptable for measuring spikes:

1, As shown in Figure 6-3, two coax cables must be
substituted for the shielded two-wire cable,

!l 2. Impedance matcﬁing resistors must be included to
(eliminate standing wa: es and cable ringing, and capacitors
‘niust be inserted to block the dc current path,

3. The jength of the test Jeads outside the coax Is
critical and must be kept as short as possible; the blocking
gr-.Lpacitor and the impedance matching resistor should be
connected directly from the inner conductor of the cable to
the power supply terminals,

4, Notlce that the shields of the power supply end of
the two coax cables are not connected to the power supply

300
TERMINATION

POWFR SUPPLY T-CONNECTOR OSCILLOSCOPE
0.0 F (I_ o~
s ezyr s Wy P2 WLEN § U
cv—-l 800 : K t YERT
L . INPUT
BA- - Ej
28~ AG
ool o7 3™ ek
GND~ ;] E GND
£ =Y
£ ?

1 | .F ' 1 VERT.
BTSN
o0 MR

T-CONNECTOR m
500
TERMINATION

ground, since such a connection would give rise 10 a ground
current path through the coax shield, resulting in an errone-
Qus measurement,

8, Since the impedance matching resistors constitute
a 2-to-1 attenuatar, the noise spikes gbserved on the oscillo-
scope should be less than half the peak-to-peak values given
in Paragraph 5-19, Step (d).

5-22 The circuit of Figure 5.3 can also be used for the nor-
mal measurement of low frequency ripple; simply remove
the four terminating resistors and the blocking capacitors
and substitute a higher gain vertical piug-in in place of the
wide-band plug-in required for spike measurements. Notice
that with these changes, Figure -3 becomes o two-cable
version of Figure 52,

5-23 Transient Recovery Time,
Definition: The time required for output volt-
age recovery to within the given level of the
naminal output voltage following a load change
from full load to halt load or half load to full
load.

5.24 Transient recovery time may be measured at any in-
put line voltage combined with any output voltage and load
current within rating.

5-25 A hand-operated switch Is used to switch from full
load to half load and the resultant one-shot displays are ob-
served on an oscilloscope.

5-26 To check the transient recovery time, proceed as fol-
lows:
a. Connect test setup shown in Figure 5-4,

POWER SUPPLY O5CILLOSCOPE
UNDER TEST 1404
..cs/- + +5 x G
[] l'] (o 00 0
L
>
Ry RLz
51
RLyaRy 2
MODEL | ¢gums)
NOTE - 6464C 0.016
VALUES OF Ry AND R, ARE saeec | 0072
SALF THE CURRENT RATING OF sassc | 0240
THE SUPPLY DEFENDING ON THE ::::g gagg
POSITION OF 5. PONER RATINGS 2
ARE EKW FOR EACH RESISTOR. 6477C | B.800
6479¢ | 17.000
6483C | 80.000

Figure b-3. Nolse Spike Measurement Test Setup
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Figure 6-4, Transtent Recovery Time Test Setup




b. Turn CURRENT -ontrols fully clockwise,

¢, Turn on supply ond adjust VOLTAGE controls un-
til front panel ammeter indicates half the rated output cur-
rent,

d. Clase and open switch 51 several times and vbserve
oscilloscape display,

e, Starting from the major graticule division represen-
tative of time zero, count to the right either 60 milliseconds
or 100 milliseconds and vertically *'y"’ millivolts, Recovery
should be within the tolerances of "y1"" or "*y2" as shown
in Figure 5-5.

Enom ¢ 8 T
: yR(VOLTS

yHYOLTS)

yHVOLTS
-
y2AVOLTS
Eni t

UNLOADING FRANSIENT LOADING TRANSIENT
[ TatmsEe [10GmSEC |
MOLEL T vioei | y2ivie)
faac | 1.5 | G5 |
Baesc | 15 | 0%
eagc | 15 |08
[6a72¢ | 20 | 018
|6478C | 26 | 1.0 |
[ E477C | B0 1 29
fearsc |70 [ 30|
1 6483C_ J 120 | B30 |

Figure b-5, Transient Recovery Time Wavefarms

CURRENT SAMPLING
TERMINALS

TO UNGROUNDED Ry
TERMINAL OF
FOWER SUPPLY

TO GROUNDED
TERMINAL OF

SAMPLING.j POWER SUPPLY

RESISTCR
LOAD
TERMINALS

Figure 5-6. Current Sampling Resistor Connactions

5.27 Canstant Current Tests

5-28 The Instruments, methods, and precautions for the
proper measurement of constant current power supply
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cheracteristics are for the maost part identical to those
glready described for the measurement of constant voltage
pawer supplies. There are, however, two main differences:
first, the power supply performance will be checked be-
tween short circuit and full load rather than open circuit
and full load, Second, a current monitoring resistor is in-
serted hetween the output of the power supply and the
load,

B-29 For all autput current measurements the current sam-
pling resistor is a four terminal meter shunt, The load cur-
rent is fed to the extremes of the wire leading to the shunt
resistance while the sampling terminals sre located as close
as possible to the resistance partion tself (see Figure 5-6).
Recommended sampling shunts are given in Table b1,

b-30 Rsted Qutput and Meter Accuracy,

a. Connect test setup shown in Figure b-7,

b. Turn-VOLTAGE controls fully clockwise,

¢. Turn on supply and adjust CURRENT controls un-
til front panel ammeter indicates maximum rated output
current,

d. Differential voltmeter should read voltage corres-
ponding to rated output current £3%,

B-31 Load Regulation,
Definition: The change AlguT in the static
value of the dc output current resulting from a
change in load resistance from short circuit to a
value which yields maximum rated output volt-
age,

POWER SULPPLY
UNDER TEST

Ry
0 U LOAD
RESISTOR

DIFFERENTIAL
VOLTMETER
@Gama

o

MOCEL n,_mms)[nsmrmc
IN AMPS)

| 6464C_[ 0.008 10604

[ 8466C | 0036 500A )

6469C 0.120 3004

1 6472¢C .1 0425 1504

6ATSC | 1100 100&

[6477C | 4400 | 504

£479¢ 8 6900 =04

€483C [ 40000 154

Figure 5-7, Constant Current Test Setup
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B-32 To check the caonstant current load regulation, pro-
ceed as follows:

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

b. Turn VOLTAGE contrals fully clockwise,

c. Adjust CURRENT controls until front panel meter
reads exactly maximum rated output current {600A ond
165A for Model; 6466C and 6483C, respectively).

d. Read and record voltoge indicated on differential
voltmeter,

e, Short circuit load resistor (RL).

f. Reading on differentiol voltmeter should not vary
from reading recorded in Step {d) by mare than the follow-
ing:

Model Variation {uVdc)
6464C 100
6466C 110
6469C 100
6472C 100
6476C 100
6477C 100
6479C 70
6483C 166

6-33 Line Regufation,
Definition: The change AlguT In the static
value of dc output current resulting from 8
change in ac Input voltage over the specified
range from low line to high line, or from high
line to low line,

f
To check the line regulation, proceed as follows:
a. Utilize test setup shown in Figure B-7,
b. Connect variable auto transformer between input
power source and power supply power input.

c. Adjust auto transfarmer for low line input (-10%
of line rating).

d. Turn VOLTAGE controls fully clockwise,

e, Adjust CURRENT controls until front panel am-
meter reads exactly maximum rated output current {fowest
current range for Models 6466C and 6483C).

f. Read and record voltage indicated on differential
voltmeter,

g. Adjust variable auto transformer for high line input
{+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 (uVdc)
64684C 100
6466C 110
6469C 100
6472C 100
6476C 100
6477C 100
6479C 70
6483C 166
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5:35 TROUBLESHOOTING

5-36 Before attempting to troubleshoot this instrument,
ensure that the fault Is with the instrument ang not with an
assoclated circuit, The performance test (Paragraph b-5) en-
ables this to be determined without having to remave the
instrument from the cabinet,

B-37 A good understanding of the principles of aperation
is 8 helpiul aid in troubleshoating, and it is recommended
that the reader review Section IV of the manual befory at-
tempting to troubleshaot the unit in detail, Once the prin-
ciples of operation are understood, refer to the overall trou-
hleshooting procedures in Paragraph 5-40 to locate the
symptom and probable 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 component location diagrams (Figures 7-1 through 7.5)
at the rear of the manual should be consulted to determin :
the location of companents and test points.

5-39 If a defective component is located, replace it and re-
conduct the performance test, When a component is re-
placed, refer to the repair and replacements {Paragraph
5-64) and adjustment and calibration (Paragraph 6-68) sec-
tions of this manual,

640 Overall Troubleshooting Procedure

5-41 To locate the cause of trouble, follow steps 1, 2, and
3 in sequence:

{1) Check for obvious troubles such as input power
failure, loose or incorrect strapping on rear terminals, blown
fuses or defective meter,

(2} In almost all cases, the trouble can be caused by
the de bias or reference voltages; thus, it is a good practice
to check voltages in Table 5-2 before proceeding with Step
{3).

(3) Disconnect load and proceed to the next Para-
graph, 542,

542 General, Any trouble with the supply can be isolated
by folfowing the overall troubleshooting procedures out-
lined in the subsequent paragraphs. However, if the unit
fails one of the performance tests, or the unit is unstable,

- but otherwise appears to operate normally, it is more expe-

dient for the technician to refer to the miscellaneous trou-
bles shown in Table 6-3. For all other troubles, proceed as
directed in the following paragraphs,

5-43 Initial Setup. Praceed as follows before attempting

* to troubleshoot the instrument:



1. Troubleshooting is more efiective if the unit s 3, Before turning on the supply, set the front panel

operated in the hormal mode {local sensing, local program- CURRENT controls maximum ccw and the VOLTAGE con-

ming). Strap the rear terminals as shown in Figure 3-2. trols to mid-range, Proceed to overall troubleshaoting tree,
2. With the supply off, disconnect all loads from the Figure 5-8,

unit,

.Tshle 5-2. Reference and Bias Voltages
{Refer to Schematic for Test Point Locations)

METER METER NORMAL NORMAL
Ny LE CAUSE
STEP | common | PosITIVE | vDe RIPPLE (P-P) PROBABLE CAUS
1 4 c 124 0.7 10mV A105 through A1Q8, A1VRE, A1VR7.
2 3 C 8.2 042 10mV A1VRI,
3 c 2 6.2 £ 0,32 - 2mV AIVRB,
4 c 17 6.2 £ 0,32 10mV A1VR3.
B AD -5 68104 10mV A1Q1 or AIVR2.
6 c 1 12.4 £ 0.7 60mV A1VRB.
Table 5-3. Miscellansous Troubles
SYMPTOM PROBABLE CAUSE
High Ripple a. Check operating setup for ground [oops.
i b. Check reference voltages {Table 5-2) for excessive ripple,
c. Supply crossing over to constant current operation under load-
ed conditions. Check current limit setting or constant current
. comparator circuit {Paragraph 6-47), |
Poor Line Regulation a. Improper measurement technique (Paragraph B-13).
b, Check reference voltages {Table 5-2).
Poor Load Regulation {Constant Voltage) a. Measurement technique {Paragraph 6-11).
b. Reference circuit {Table 5-2),
c. Ensure that supply is not current limiting. Check constant cur-
rent comparator circuit (Paragraph 5-47),
Paor Load Regulation (Constant Current} a. Reference circuit (Table 5-2). ;
b. improper measurement technique.
¢. Ensure that supply is not voltage limiting. Check constant volt-
age comparator circuit {Paragraph 5-46).
Oscillates {Constant Voltage/Canstant Current) a. Adjustment of R36 {Paragraph 5-78).
b. Open sensing lead (+S).

5-7
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Tahle 5-3. Miscellansous Troubles {Continued)

SYMPTOM

PROBABLE CAUSE

Instabllity {Constant Voltage/Constant Current)

a. Reference cfrcuit {Table 5-2),

b, Nolsy voltage or current controls (R1,R2 or R3,R4},
¢, Stage A1U1 or A1U2 defective,
d. CR1, CR2, or CRB leaky,

e. AICR1,CR2,CR13,CR14,C1,C6,C10, VA2 noisy or drifting,

AFTER WITIAL SET WP
{FERA % AN TLURN Gh
SUFFLY, AFTER TURh O
QELAY, CHEERVE FRONY
FahEL WEYERS R
ChE OF THE FCLLOW:
ING INDICATICAS

DUTPUE YOLTALL
GOES MGH [FuLL
SCALE CR ABOVE)

SOLATE TROUELE 10
ENTHER AWPLIFIER CNTS
OR FIRING (XTS5 OF FLED

BACK LOGP BY 015
CONKECTING JIMFIR

QUIFYT hORMAL
10 ¥CLIACE
A0 CLFFIBTS
AITEWFT 50 FRO
RN QuTPUT &y SLF
FING CURRENT {ON
PROL 1O WD+ RENGE

GUTPUY YOLRALE
OIS 10
HALF SCALE

FAULTT (ChSTANT
CURRENT ANFLIFILR
Rt L0 TQFRRA

hoar
{A143) 0N & BD OFSEAVE OBSEBAE FRONT
FRONT FANEL NETERS FAREL WLTERS
, I
QUIPUT LOW DR
outRuT OUTPUT VOLTATL OVOLTS, ONE CR
?:tg:'r’%niu Eioz'u.'['?;f 3FRONT  |outpur voumace Vroeak rawrs tn !
UTRUT yOL
QUTFUT YOLTAGE TP HAEAS TROUBLE . | AMEL TROUBLE  |GOLS MigH Pttt bag i
REMAINS HIGH 10 OVLTS LAMFS DUT | LAWFS QOT {TULL SCALED OR CROWEBAR) *
CHECK SCR'S (CRA, TROUBLE IF QUTPUT 15 OVYLTS tROUBLE IN INPYT OBSERVE FRONT
CRS, AKD CRE) AND AWFLIGLR PORTICK CHELK FUSES FY SECTION OF FAREL TROUBLE
COMPAKICN DIOCES OF LOOP L0+ TO THRY F8 AT REAR AMFLITIER KIS LAMPS
LRI, CRZ, AND CRY) FARA 344 GF SUPRLY 60 TO FARA 5-44
FOR SHOAT I¥ Ok,
TROUBLE 15 INFIRING
{KT PARA B:49
BOTH OVER-
OVERTENP 2:52{5?““ :ﬂg?n'g ::g!m
W "
;Eg&'nﬁ rusgs LANP CN LANP b (OFTION AL )L AMFS ON
: CHECM SCR'S WLASURE DC YOLT~ ¥ CLOGGED &R VFAULTY OVERLOAD CRUMBAR (0F1 006
ICR4,CRS, AND CRE) 25E BETWEEN FILTER CHT CHECK R1gn OhLYIHAS FIFLD
——at KITPE AND TER- 2 INQFERATIVE FCR SHORT ISOLATE YROUBLE TO
ARD'0IODES ICRY, MINAL AT i) £OOLING FAN 2ENCESSIVE LINE EATHER CROWBAR (T
CRZ, AND LR} FCR '\37 3 THERMAL SW1TCH CURRENT CAUSED BY OR WALN FOWLR SUFLY
SHORT TC) OFEN LINE TRENSHENT BY DISCONMECTING
FROM SOURCE, OR GATE LEADIS)TD
g TROUELES (N BOTH CROWBAR SCRIS) K
FIRING CKT AND A2 EOARD AND
EARLY OVERCURRENT] | oBtERYING FRONT
FROTECTICH CMT PANEL NETERS
TEST FARIAG EXT,
PARA &40, AND
CHEER AIGZ,0M.VK8
OR LR19 FOR OFEN
QUIPUT YOLTAGE QUIRUT VOLTACE
WORMAL ARWORNAL NORMAL OIS WIGH
=34V 10 A1) t-38Y 10 “iiv} (NALF SCALE} {FULL ALY
TROGBLE 1N 5CR TROGBLE N CROWBAR CK1 HIGH QUTFUT

FIRING CKT GO 1D
FARA B-4%

AMFLIFIER CRY GO
T FARA h-44

FAULTY [PARA 531}
o/ BOINSTED T0O
LOW (APPENDIX &)

CONCitich 40 10
IS STMPICN AT
YOP LEFY OF
CRAWING

Figure 5-8, Qverall Troubleshooting Tree
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6-44 Amplifier Circuits, Open Loop Troubleshoot-
ing

545 The following paragraphs test the amplifier pertion of
the feedback loop. Except for the front panel contrats, all
ot the circuitry Involved is located on the amplifier P.C,
Board, A1, The overall test is divided into three separate
sub-tests; constant voltage comparator, constant suryent
comparator, and error amplifier, All tests are performed
with the feedback loap opened (iumper R149 removed, see
Figure 7-1 for location} and no load connected to the sup-

ply.

5-46 Constant Voltage Comparatar, To test the CV com-
parator circuit {A1U1 and ossociated components) proceed
as follows:

a. Strap the rear terminals for normal operation (Fig-
ure 3-2) except remove jumper straps between + — +5 and
A7 — AB,

b, Connect external battery and resistors as shown in
Figure 6.9, A D" size flashlight celt Is adequate for this
test,

¢. Befare turning on supply, connect dc voltmeter
across output of ATU1 between TP9 and terminal A7 { C ).
Ensure that jumper A1R149 is removed.

d. Next, turn CURRENT contrals fully clockwise
{cw) and VOLTAGE cantrols fully counterclockwise {cew).

e. Turn-on pawer supply and, after 10 to 20 seconds
turn on delay, observe voltmeter reading.

f. Voltmeter should read +0.8 £ 0,08Vdc with VOLT-
AGE controls fully cew, if it does, proceed to next step. If
it does not, check A1U1 and assoclated components (includ-
ing VOLTAGE controls R1 and R2 on front panel).

REAR

TERMINAL
BOARD
@. REMOVE JUMPER
¥
: toof T0
(/) f— CONSTANT VOLTAGE
- COMPARATOR

+5

10
-@;-—-— CONSTANT CURRENT
COMPARATOR

“~

REMOVE JUMPER

%COMMON
e

Figure 5-9. Open Loop Test Setup, Amplitier Circuit
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g. Rotate VOLTAGE controls fully cw and again ob-
serve vaoltmeter.

h, Valtmeter shouid read +11 £ 1,1Vde with VOLT-
AGE controls fully cw. If it does, proceed to next partion
of test. 1f it daes not, check AU and associated compo-
nents {including the front panel VOLTAGE contrals),

5-47 Constant Gurrent Comparator. To test the constant
current comparator circuit {A1U2 and assocliated compo-
nents} proceed as follows:

a. Cunnect test setup of Figure 69,

b. Connect de voltmeter across output of constant
current comparator section of A1U2, between TP10 and
terminal A7,

c. Turn VOLTAGE and CURRENT controls fully cw.
Ensure that circuit is open loop (jumper A1R149 removed),

d. Turn on supply {no load connected) and ebserve
voltmeter reading efter turn on delay period.

e, Voltmeter should read +7.8 & 0,78Vdc with CUR-
RENT controls fully cw, If it does, proceed to next step. If
it daes not, check A1U2 and associated companents, includ-
ing front panel CURRENT controls,

f. Rotate CURRENT controls fully ccw and observe
voltmeter reading.

g. Voltmeter should read +3.1 £ 0.31Vdc with CUR-
RENT controls fully ccw, If it does, proceed to next portion
of test. I it daes not, check A1U2 and assaciated compo-
nents,

§.48 Error Amplitier. This test checks the error amplifier
{A1U3) and all of the protection circuits connected to it's
input. First, the output of the amplifier is checked, If this is
unsatisfactary, the input to the ampiifier is measured to
determine If ane of the protection circuits is the cause of the
malfunction, To perform this test praceed as follows: ‘

3. Use test setup of Figure 5-9, Ensure that circuit is
open loop (jumper A1R149 removed),

b. Connect dc¢ voltmeter across output of A1U3, be-
tween TP8 and terminal A7,

¢, Rotate VOLTAGE and CURRENT controls fully
oW,

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

e. Yoltmeter should read +11 + 1,1Vdc, If it does,
proceed to next step (f), If it does not, check input voltage
as directed In Step (g},

f, Rotate VOLTAGE controls fully ccw and observe
voltmeter. Reading should be -11 + 1.1Vde. It itls, error
amplifier and front end circuits are operating correctly, If
reading is not -11 % 1,1Vde, proceed to next step, (g).

g. 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 measurements {TP17 and TP19) should be +6
+ 1Vdc, If these input readings are correct, but either cutput

1




reading (Step ¢ or Step F} was incarrect, check A1U3,
Also, A1Q2 and A1Q3 can shunt down the output of

the error amplifier if either is shorted,

{, If either input measurement s not +6 & 1Vvdc,
check for a shorted transistor {A1Q4, Q9, or Q10) in the
protection clrcuits. Also, check zener diode A1VR3. Final-
ly, check voltage at output of backup overcurrent protec-
tion circuit {TP11 and terminal A7), it should be +12 £ 2V
dc with any front panel setting of the CURRENT control,
If reading is not within tolerances, check ATU2 and assaci-

ated components.

Toble 6-4. Firing Circuit Troubleshooting

6-49 Firing Circuits, Open Loap Troubleshooting

B-60 Ail of the firing circuitry that controls the SCR's is

focated on the firing board, A2, The test Is perfarmed open
loop (jumper strap R148 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 circult waveforms shown at the rear of the manual,
As indicated in Table 5.4, all three firing circuits are check-
ed starting with phase A,
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STEP ACTION RESPONSE PROBABLE CAUSE
1 Remave jumper strap A1R149
and connec* wiper of external
10k£2, 10-turn potentiometer
{R148) to input of firing cir-
cults {TP18), Set external pot
to -12.4V end, Too positive an
: input will damage the SCR's.
2 Connect oscilloscope to A201 8. Normal waveform a. Proceed to Step 3.
base (TP22) and common (A7), (Figure 7.6}
Observe hase waveform with b. Abnormal waveform b. Component in base circuit defective.
external pot at ~12.4V end Check A2C1, A2CR7, A2R3, etc,
{blocking oscillator off),
¢. No waveform ¢. Fuse F4, Fb, or F6 open, Base compo-
nent open (A2R3, R4, etc.),
3 Connect oscilloscope to A2Q1 a, Normal waveform 8. Proceed to Step 4,
emitter (TP26) and terminal {Figure 7-6)
A?‘ Observe emitter waveform b. Waveform abnormal b. Component is emitter circuit defective,
with external pot at -12.4V or missing. Check A2C3, A2R7, and A2C1.
end (blocking oscillator off}.
4 Leave scope connected to em- a. Normal waveform 8. Proceed to Step B,
mitter of A2Q1 and slowly {Figure 7-6)
turn external pot toward b, Abnormal waveform b. Check A2Q1 and associated compo-
+12,4V end. When voltage at nents (A2T7, A2C2, A2R2), Check
TP18 reaches about "4V, first pﬁase A SCR {CR4) for opan
firing pulses should be generat-
ed. This Is characterized by a
negative going notch on the
emitter waveform.
b Turn external pot to negative a. Normal waveform a. Proceed to Step 6.
end and check waveform at b. Abnormal waveform | b, Component in A2Q2 base circuit de-
ba‘e;’f A2Q2 (phase B stage), fective or phase B portion of current
TP23. balance circuit uefective {check A1U4
and associated components),
5-10




Toble 6-4, Firing Circuit Troublashooting {Cantinued)

STEP ACTION RESPONSE PROBABLE CAUSE
6 Repeat Step 3 except check a, Normal waveform a, Proceed to Step 7,
waveform in A2Q2 emitter cir- b. Abnormal waveform b. Component in emitter circult defective,
cuit (TP26). Check A2C13, AZR17, and A2C11,
7 Pepeot Step 4 for firing of a, Normal wavefarm 0. Proceed to Step B,
phase B blocking oscillator, b. Abnormal waveform | b. Check A2Q2 and associated compo-
nents, Chack phase B SCR for open.
8 Check phase C base waveform a. Narmal waveform a. Proceed to Step 9,
{A2Q3, TP24), Turn external b, Abnormal waveform | b, Component in A2Q3 base circuit de-
pot to negative end. fective or phase C portian of current
balance clrcuit defective (AIUS and
assaciated components).
9 Repeat Steps 3 and 4 except a, Normal waveforms a. Firing circuit okay.
check phase C (A2Q3) wave- b. Abnormal wave- b, Check applicable components In phase
forms. formfs) C stages.

6561 Crowbar Troubleshooting {Units with Option
006 Only) '

5-52 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-
put 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 cutput voltage
will go high if a failure accurs in the power supply protec-
tion circuits,

653 If condition one occurs {crowbar always fired), check
all of the circuit transistors {A2Q7 through Q10} for possi-
ble shorts. Also check the crowbar SCR(s) itself for a short.
It condition two occurs (crowbar Inoperative), check tran-
sistars and SCR(s)} for opens.

}

6-54 REPAIR AND REPLACEMENT

5-66 Section VI of this manual contains a list of replace-
gble parts. If the part to be replaced does not have a stan-
dard manufacturers’ part number, it is a ’special” part and
must be obtained directly from Hewlett-Packard, After re-
placing any semiconductor device, refer to the adjustment
procedures outlined later in this Section,
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5-56 Air Filter

557 The alr filter, located on the lower front panel, should
be checked on a monthly basis and cleaned if necessary. To
gain access to the filter, tn 7 off the unit and remove the six
mounting screws on tha fov. er front panel {Figure 1-1}. The
filter is mounted by four scri a5 in back of the lower front
panel, With the filter removed 1ccess s also gained 1o the
cooling fan,

558 Hinged Front Panel

559 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-
tier P.C. board, A1, To pull down the front panel, remaove
the two mounting screws on the sides of the front panel.
Then grasp the top of . panel and pull out and down.

5-60 Printed Circuit Boards

5-61 Figure 7-5 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 remaved, if neces-
sary, by the following procedures:

a. Turn off unit and remove top cover,

b. Pull down front panel {previous paragraph).

¢. To disconnect A1 board from two rear connectors




for A2 and A3 boards, grosp the two plastic tabs on front of
A1 board and slide boord forward until free of A2 and A3
hoard connectors.

d. To slide A1 board completely out of unit, it may be
necessary to disconnect the front panel from t’s hingas,

e, To accamplish this, disconnect the front panel safe-
ty ground wire from its ground lug.

f. Next, snap out hinges supporting the front panel,
Sufficient length in the front panel wiring Is provided to en-
able this, Now stide the A1 board forvard until clear of unit.

6-62 Primary SCR and Diode Replacement

5:63 The SCR regulators {CR1, CR2, CR3) or primary di-
odes (CR4, CR5, CR6) are mounted on top of the center
heat sink running fram front to rear of the unit, The top of
these components are accessible from the top of the unit
{Figure 7-5) and the bottom of the components can be
reached fram the rear or zide of the unit, When replacing an
SCR or diode, use Wakefield Type 120 {HP Part No G40-
0239) thermal compound to obtain the proper heat conduc-
tion.

5:64 When fastening an SCR to the heat sink the use of a

torque wrench [s recommended. Too laose a torque may re-
sult in @ poor connection between the SCR and heat sink, i
the SCR is tightened too hard, the stud or nut may be strip-
ped and the SCR itself could be broken,

[
\

6-66 The following list contains the torque recommenda-
tions for all of the SCR's used in the SCR-10 Serles,

{1) SCR’s with %-inch mounting studs and nuts must
he installed with a torque of approximately 20 inch-pounds,

{2} SCR’s with %-inch mounting studs without nuts
{tapped heatsink) should be installed with a torque of ap-
proximately 30 inch-pounds, '

{3) SCR"s with 3/8-inch studs and nuts should be tight.
ened to 110 inch.pounds,

{4) SCR’s with 3/8-inch studs without nuts should be
tightened to 140 Inch-pounds.

6-66 Location of Power Transformer, Choke, Qut-
put Capacitors, and Secondary Rectifiers

5:67 All of these components can be reached by removing
the side covers (see Figure 7-4}. To remove the side covers,
the top cover must be removed first, Then the side covers
can be removed by pulling them up end away from unit,
They are not fastened with mounting screws but are inserted
into slots in the corner support posts,

6-68 Adjustment and Calibration

6-69 Adjustment and calibration may be required after per-
formance testing or trouhleshooting. The entire calibration

5-12
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procedure should be performed after any semiconductor in
the feedback loop is replaced, The adjustments are present-
ed in the proper sequence and the entire procedure takes only
only about 16 minutes to accomplish.

570 Meter Zero

5-71 The pointer of each meter must rest on the zero cali-
bratfon mark on the meter scale when the instrument is at
normal operating temperature, resting kn its normal opera-
ting pos' ton, and turned off, To zero set the meter proceed
as follows:

&, Connect load resistor of value shown in Figure 5-1,

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

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

d. Insert sharp pointed object {pen point or awl) into
small indentation near top of round black plastic disc lucat-
ed directly below meter face,

e. Rotate plastic disc clockwise until meter reads zero,
then rotate counterclockwise slightly in order to free adjust-
ment screw from meter suspension, Polnter should not move
during latter part of adjustment,

672 Output Ripple, Preliminary Adjustment

5-73 Before making any further adjustments, it is essential
to ohserve the autput ripple to ascertain that all three SCR's
are firing and that their conduction angles are approximate-
iy equal. Proceed as follows to make this check:

a. Connect ac coupled oscilloscope between +5and -S
terminals.

b, Set VOLTAGE and CURRENT controls to mid-
range,

¢, Turn on supply with no load connected,

d. Observe output ripple {180Hz with no load) and en-
sure that all three phases are firing {no spaces hetween
pulses) and that the peak amplitudes between adjacent
pulses are roughly equal {within 25%) to each other,

e. If the ripple is unsatisfactory, adjust the phase 8
and C balance potentiometers ATR102 and A1R122 until
the conditions of Step {d} are satistied.

6-74 Constant Voltage Programming Accuracy

5-75 Zero Qutput Voitage, To calibrate the zero voltage
programming accuracy, proceed as follows:

8. Connect ditferential voltmeter between +5 and -S
terminals.

b. Short-out VOLTAGE controls by connecting jump-
er between A2 and -S terminals.

¢. Connect decade resistance box in place of AIR11.

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



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

6:76 Valtage Programming Accuracy,

a. Remove short between A2 and -5,

b. Disconnect jumper bhetween A2 and A3.

¢, Connect precision {0.1%) wire-wound resistance be-
tween A2 and -5 termingls, Value shown below:

Model ~ Value {OQbms) Qutput Valtage
6464C 1600 8
6466C 3600 18
6469C 7200 36
6472C 12,8k 64
6476C 22k 110
6477C 44k 220
6476C 60k 300
6483C 120k ' 600

d. Connect decade resistance box in place of A1R9
and turn on supply,

e, Adjust decade resistance to obtain roted output
voltage 1%,

f. Adjustments for R9 and R11 may interact. Recheck
for 0 £ 10mVdc output {Paragraph 6-76) and repeat R11
and R9 adjustments, if necessary,

g. Turn off supply and replace decade box with appro-
priate value resistance in RY position,

h. Remave precision resistor and reinstall jumpe: ve-
tween A2 and A3,

5.77 Voltmeter Calibration

6-78 To calibrate the vo|t|rr.‘eter, proceed as follows:

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

b. Turn on supply and adjust VOLTAGE controls un-
til differential voltmeter reads exactly the maximum rated
output voltage.

¢, Adjust ATR144 until front panel voltmeter also in-
dicates exactly the maximum rated output voltage.

579 Overvoltage Protection Limit

5-80 The overvoltage limit sets the point at which the inter-
nal protection circuit (A1Q10) is activeted. The adjustment
is as follows: ,

a. Connect differential voltmeter across +5 and -5 ter-
minals,

b, Turn on supply and set VOLTAGE controls fully
o,

c. Voltmeter should read 110% »f supply’s rated out-
put valtage, .

d. If it does not, turn off supply and connect decade
resistance box in place of A1R83.

e. Adjust decade box until output is 110% of riting
and install proper resistor in RB3 position

5-13
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5-81 Canstant Current Programming Accuracy

5:82 Zero Cutput Currant. To calibrate the zero current
programming accuracy, proceed as follows:

a. Cannect test setup shown on Figure 6-7,

b. Shart-out current contrals by connecting jumper
between terminals Ad and AB,

¢, Rotate VOLTAGE caontrols fully clockwise and
turn on supply,

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

e, If it Is not, shunt resistor A1R28 with a decade
resistance box, ‘

f. Adjust decade resistance until difterential voltmeter
reads zeio, then replace R2B with resistance value equal to
that of decade resistance,

B-83 CC Programming Accura‘cy. To calibrate the constant
current programming current, proceed as follows:

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

b. Remove strap beiween Ab and AG.

¢, Cannect a 0.1%, 1/8 Watt resistor between Ad and
AB, Resistor value is as follows:

Madel  Resistor Value {Ohms)  Rated Current {(Amps)
6464C 20092 1000
6466C 200 : 600

6469C 200Q 300

6472C 225 160

6475C 2000 ‘ - 100

6477C 200582 , 60

6479C 2109 ‘ 36

6483C 26082 25

d. Turn on supply and observe voltmeter reading. It
should be voltage carresponding to rated output current 1%
{50 % 0,5mVdc with 8 50mV shunt),

e. If it does not replace A1R26 with decade resistance
box.

f. Adjust decade resistance to obtain voltage corres-
ponding to rated outnat current £1% on voltmeter,

9. Replace decade box with equal vatue resistance in
R25 position, L

h. Remove precision resistor and reinstall jumper be-
tween AL and AG.

584 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,

c. Turn on supply and adjust CURRENT controls un-
til differential voltmeter reads voltage corresponding to
maximum rated output current,

d. Adjust ATR141 unti! front panel ammeter indicates
exactly maximum rated output current.




686 Backup Overcurrant

5-87 Proceed as follows to adjust the hackup overcurrent
Hmit:

8, Connect test setup of Figure 6-7,

b. Turn on supply and turn CURRENT cantrols futly
ow,

¢. Valtmeter reading corresponds to 110% of maxi-
mum rated output current,

d. If it does not, connect decade box in place of
A1R37 and ndjust to obtain 110%.

¢. Install resisy.. equal to decade box in R37 position.

5-88 Transient Recavery Time

6:89 To adjust the transient response, proceed os follows:

a. Connect test setup as shown in Figure b4,

b. Repeat Steps {a} through {d} as outtined in Para-
graph 5-26,

¢, Adiust R48 so that the transient response wave-
form has a n Inimum of overshoot or oscillation and is with-
in the tolerances of Figure 5-5,

5-80 Phase Protection

591 This adjustment establishes il low input line point
at which the phase protection circuit becomes activated.
Proceed as follows:

a. Connect a 10kW, ac varjac between ac input source
and power supply line jnput,

b, Connect an ac valtmeter batween any ac input two
phases,

¢. Turp on supply {no load connected) and rotate
VOLTAGE controls for maximum rated output voltage,

d. Using varlac, reduce ac input line until power sup-
ply de output voltage falls to near 0 volts. Record ac volt-
eter reading at power supply turn-off point. it should
read as follows:

AC Line Voltage {(Normal) Line Voltage at Trip Point

208 174  6Vac
230 192  6Vac
460 386 + 13Vac

e, If trip point |s outside of tolerance, turn off supply
and replace A1R77 with decade resistance box.

f. Adjust decade box so that trip pnint of Step {d) is
satisticd,

g. Replace suitable value resistor in A11377 position
as determined by decade box setting.

6.92 Output Ripple, Final Adjustment

593 This adjustment balances the output ripple by balanc-
ing the ac line currents {phase B and C potentiometers
A1R102 a1.d A1R122). The method of adjustment depends
on how closely the ac ling-to-Yine voltages are balanced. If

the three phase line +oltages are balanced to within 3% of
each other, use the following adjustment procedure, if the
line voltases are balanced to with.n 3% to 8% (maximum
tolerable imbalance) nf each other, use the second adjust:
ment procedure,

5-94 Balance Adjustment (Ling-to-Line Imhalance Within
3%}). To moke adjustment, proceed as follows:

a. Cannect oscllfoscape between +5 and -5 terminals,

b, Connect full 'oad resistance (see Figure B-1) across
output bus bars,

¢. Turn on supply and adjust output voltage to about
20% of rating, Observe output ripple {360Hz with load} an
scope. ’ _

d. Peak amplitudes of adjacent ripple peaks should be
equal to each ather, If they are not, adjust ATR102 and
A1R122, J

e. Increase output voltage in 10% steps adjusting
R102 and R122 as necessary. Fina! adjustment is made at
ntaximum roted output.

585 B:lance Adjustment (Line-to-Line Imbalance 3 to B%).

For this adjustment, the input line current Is monitored
rather than the output ripple. This adjustment ensures that
the current balance circeit within the supply Is operating in
the center region of its operating cu.ve thus providing pro-
tection for the ac input components in the supply. At the
completion of the adjustment the input line currenes witl be
balanced to within 3 to 6%. Qutput ripple will probably be
imbaltanced to some extent due to the line-to-line voltage
imbalance of 3 to 8%, This arjustment Is as follows:

a, Attach ac¢ clip-on emmeter to any one of the 3-
phase input wires,

b. Connect full load resistance across output {see Fig-
ure b-1},

c. Turn on supply and adjust outout to about 10% of
rating. Observe ac 1eading on ammeter,

d. Attach clip-on ammeter to one of the other two
phases and compare reading with that of Stap {c). I the
two currents are unequal, adjLst ATR102 and ATR122,

e. Set power supply output to 20% of rating and com-
pare line currents of two of input phases, If unequal, adjust
R1G2/R122,

" Continue to increase output voltage in 10% steps
adjusting R102/R122, if necessary, Final adjust .ient is
made at full rated output voltage,

596 Line Overcurrent Protaction

5-97 This adjustment sets the trip point of the overcurrent
protection portion of the overload circuit. When the trip
point s exceeded, input power Is removed und the OVER-
CURRENT PROTECT lamp on the front panel s iilumi-
nated. Proceed as follaws:

a. Attach clip-on emmeter to any one of the three-
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. phase input lines,

b, Connect full load resistance across supply,

c. Connect a precision {0.1%), 20k resistor in parallel
with resistor A1R127,

d. Turn on supply and adjust output controls until the
power supply shuts off {(OVERCURRENT PROTECT lamp
goes on},

e, Record exact value of line current when supply
shuts down, it thould be within £56% of the following:

Nominal Line Yac Line Current (Amps)
208 47.5
230 44 '

B-16
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Nominel Line Vac Line Current {Amps)

380 28
400 266
AG0 22

f. 1 the teip point line current is beyand the 6% taler
ance, turn VOLTAGE controls cew and turn LINE switch
off. Wait at least 3 seconds ther turn LINE switch on.

g. Adjust ATR131 to abtain trip point line current of
Step (e},

h. After adjustment, remove 20k shunt resistor install-
ad in Step (c).
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SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

j 1
6-2 This scctlon contains information for ordering
replacement parts, Table 6-4 lists parts in alpha-
numeric order by reference designators and provides
the following information;

a, Reference Designators, Refer to Table 6~1,

b, Description, Refer to Table 6~2 for ab-
breviations,

c. Total Quantity (TQ), Given only the first
time the part nuinber is lsted except in instruments
containing many sub-modular assemblies, in which
case the TQ appears the first time the part number
Is listed in each asscinbly,

d, Manufacturer's Part Number or Type,

e. Manufacturer's Federal Supply Code Num~
ber, Refer to Table 6-3 for manufacturer's name and
address,

f. Hewlett~Packard Part Number,

g. Recommended Spare Parts Quantity RS)
for complete maintenance of one instrument during
one year of isolated service,

h. Parts not identified by o reference desig-
nator arce listed at the end of Table 6-4 under Me-
chanical and/or Miscellancous, The former consists
of parts belonging to and grouped by individual as=
semblies; the latter consists of all ports hot im-
mediately associated with an assembly,

6-3 ORUERING INFORMATION

6-4 To order a replacement part, address order or
fnquiry to your local Hewlett-Packard sales office
{see lists at rear of this manual for addresses),
Specify the {ollowing Information for each parts
Model, complete serial number, and any Option or
special modification {J) numbers of the instrument;
Hewlett-Packard part number; circuit reference 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, Reference Deslgnators
A = assembly E : miscellancous
B = blower (fan) electronic part
C = capacitor F = fuse
CB = circuit breaker |] = jack, jumper
CR = dicde K = relay
DS = device, signal-| L = Inductor

ing (lamp)} M = meter

Table 6~1,

Reference Deslignators (Continved)

P = plug ' = vacuum tube,

Q = transistor ncon bulb,

R = resistor photocell, etc,

s = switch VR = zener diode

T = transformer X = socket

T8 e terminal block | 2 = integrated clp-

TS = thermal switch cuit or network

Table 6-2, Description Abbreviations

A = ampere mfr = manufacturer

ac = alternating mod, = modular or
current modified

assy, = assembly mtg = mounting

bd = board n = pano = 10~9

bkt = bracket NC = normally closed

oC = degree NO = normally open
Centigrade NP = nickel-plated

cd = card Py = chm

cocf = coefficient obd = order by

comp = composition description

CRT = cathode-ray OD = outside
tube diameter

CT = center-tapped p = pico = 10-12

dc  =direct current | P,C, = printed circuit

DPDT = double pole, pot, = potentiomoter
double throw p=p = peak-to~peak

DPST = double pole, ppm = parts per
single throw million

clect = elecirolytic pvr = peak reverse

cpncap = encapsulated voltage

F = forad rect = rectifior

SF = degree ms = root mean
Farenheit square

fxd = fixed St e silicon

Ge = germanium SPDT = single pole,

H = Henry double throw

Hz = Hertz SPST = single pole,

IC = integrated single throw
circuit 58 = small signal

ID = inside dlameter| T = slow=blow

incnd = incandescent tan, = tantulum

k = kilo = 103 Ti = titanium

m = milli = 10-3 v = volt

M = mega = 106 var = variable

N = micro = 10-0 ww = wirewound

met, = metal w = Watt
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Table 6-3, Code List of Manufacturers

CODE
NO, |MANUFACTURER

ADDRESS

00628 | EBY Sales Co., Inc,
00656 | Acrovox Corp.

00853 | Sangamo Electric Co,
S, Carolina Div,
01121 |Allen Bradley Co,
01255 [Litton Industrirs, Inc,

01281 | TRW Semiconductors, Inc,

01295 | Texas Instruments, Inc,

01686 | RCL Electronics, Inc,
01930 | Amerock Corp.

02107 | Sparta Mfg, Co,
02114 [Ferroxcube Corp.
02606 |Fenwal Laboratories
02660 |Ampherol Corp,

03797 |Eldemn Corp,
03877 | Transitron Electronic Corp,

03888 | Pyrofilm Resistor Co, Inc,

05277 | Westinghouse Electric Corp,

Semiconductor Dept,
05347 |Ultronix, Inc.
05820 |{wakeficld Engr, Inc,

Capacitor & Battery Dept.
06486 |IRC Div, of TRW Inc,

Semiconductor Plant

0b666 [General Devices Co, Inc,

06776 |Robirson Nugent, Inc,

07137 |Transistor Electronics Corp,

Jomaica, N.Y.
New Bedford, Mass,

Pickens, 5.G
Milwaukee, Wis,

Eaverly Hills, Calif,
Lawndale, Calif,

Semiconductor-Components Div,
Dalias Texas
Manchester, N, H.
Rockford, Il
Dover, Ohlo
Saugertles, N,Y.
Morton Grove, IlI,
Broadview, I,
02735 |Radio Corp, nf Amnerica, Solid State
and Receiving Tube Div, Somerville, N.J.
03508 |G, E, Semiconductor Products Dept.
Syracuse, N,Y,
Compton, Calif,

Wakeficld, Mass.

Cr lar Knolls, N, J.
04009 |Arrow, Hart and Hegeman clectric Co,
Hartford, Conn,
04072 |ADC Electronics, Inc, Harbor City, Calif,
04213 |Caddell & Burns Mfg, Co, Inc,

Mincola, N, Y.
04404 | *Hewlett-Packard Co. Palo Alto Div,

Palo Alto, Calif,
04713 | Motorola Semiconductor Prod, Inc,
Phoenlx, Arizona

Youngwood, Pa,

Grand Junction, Colo,
. Wakefield, Mass.

06001 |General Elect, Co, Llectronic

Irmo, 5.C.

06004 |RBassik Div, Stewart-Warner Corp,

Bridgeport, Conn,

Lynn, Mess,
06540 |Amatom Electronic Hardware Co, Inc,

. New Rochelle, N.Y,
06555 {Beede Electrical Instrument Co,

Penacook, N, H.

Indianapolis, Ind,
06751 |Semcor Div, Components, Inc,
Phoenix, Arizona
New Albany, Ind,
06812 |Torrington Mfg, Go., West Div,
Van Nuys, Calif,

Minnecapolis, Minn,

CODE
NG, MANUFACTURER ADDRESS
07138 | Westinghouse Electric Corp,
Electronic Tube Div, Elmira, N.Y.
07263 | Falrchild Camera and Instrument
Corp, Semiconductor Div,
Mountain View, Cnalif,
07387 | Birtcher Corp, , The Los Angeles, Calif,
07397 | Sylvania Electric Prod, Inc,
Sylvania Electronic Systems
Western Div, Mountain View, Calil,
07716 | IRC Div, of TRW Inc, Burlington Plant
Burlington, lowa
07910 | Continental DPevice Com,
Hawthorne, Calif,
07933 | Raythron Co, Components Div,
Semiconductor Operation
Mountain View, GCalif,
(08484 | Breeze Corporations, Inc, Union, N,J.
08530 | Reliance Mica Carp, Brooklyn, N,Y.
08717 | Slean Company, The Sun Valley, Calif,
08730 | Vemaline Froducts Co, Inc, Wyckeff, N.]J.
08806 | General Tlect, Co, Minia-'
ture Lamp Dept, Cleveland, Ohio
08863 | Nylomatic Corp. Norrisville, Pa,
08919 | RCH Supply Co, Vernon, Callf,
09021 |Airco Speer Electronic Components
Bradford, Pa,
09182 | *Hewlett-Packard Co, New Jersey Div,
Rockaway, N.]J.
09213 | General Elect, Co, Semiconductor
Prod, Dept, Buffalo, N.Y,
09214 } General Flect, Co, Scmiconductor
Prad, Dept, Auburn, N, Y,
09353 | C & K Components Inc, Newten, Mass,
09922 | Burndy Corp. Norwalk, Conn,
11115 | Wagner Electric Corp,
Tung=-8al Div, Bloomfield, N.],
11236 jCTS of Beme, Inc, Burne, Ind,
11237 |Chicago Telephone of Cal, Inc,
So, Pasadena, Calif,
11502 JIRC Div, of TRW Inc, Boone Plant
Boone, N.C.
11711 | General Instrument Corp
Rectiftor Div, Newark, N,J,
12136 | Philadelphia Handle Co, Inc,
Camden, N,J,
12615 lU. S8, Terminals, Inc, Cincinnati, Ohio
12617 jHamlin Inc, Lake Mills, Wisconsin
12697 |Clarostat Mfg, Co, Inc, Dover, N, H,
13103 |Thermalloy Co. Dallas, Texas
14493 | *Hewlett-Packard Co, Loveland Div,
loveland, Colo,
14655 |Cornell-Dubtlier Electronics Div,
Faderal Pacific Electiic Co.
Newark, N.].
14836 |General Instrument Corp, Sem‘con-
ductor Pred, Group Ltcksville, N. Y,
15801 |Fenwal Ll~ct, Framingham, Mass,
16298 |Corning Glass Works, Electronic

Componen iy, ¢ Raleigh, N.C,

*Use Code 28480 assigned to Hewlett-Packard Co,, Falu Alto, Califernia
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Table 6-3, Code List of Monufacturers (Continued)

CODE CODE
NO, | MANUFACTURER ADDRESS NO. MANUFACTURER ADDRESS
16758 | Delco Radio Div, of General Motors Corp, 70563 | Amperite Co, Inc, Union City, N.J.
‘ Kokomo, Ind, 70901 | B¢emer Engrg, Co, Fort Washington, Pa,
17545 | Atlantic Semiconductors, Inc, 70903 | Belden Cap, Chicage, Il1,
Asbury Park, N, I, 71218 | Bud Radio, Ine, Willoughby, Ohio
17803 | Fairchild Camera and Instrument Corp 71279 | Combridge Thermianic Corp,
Semiconductor Div, Transducer Plant Combridge, Mass,
Mountain View, Calif, 71400 ! Bussmann Mfg, Div, of McGraw &
1,.70 | Daven Div, Thomas A, Edison Industries Edison Co, 5t. Loulis, Mo,
MeGraw-Edison Co, Cranye, N.J, 71450 § CTS Corp, Elkhart, Ind,
18324 | Sienetics Corp. Sunnyvale, Calif, 7L46s | I, T, T, Cannon Electric Inc,
19315 fBendix Corp. The Navigation and Los Angeles, Calif,
Control Div, Teterboro, N, . 71590 | Globe~Unfon Inc,
19701 { Electra/Midland Corp, Centralal Div, Milwaukea, Wis,
Mincral Wells, Texas 71700 | General Cable Corp, Cornish
21520 | Fansteel Metallurgical Corp, Wire Co. Div. Willlamstown, Mass,
Ne. Chlcago, Ili, 71707 | Coto Cell Co, Ine, Providence, R.1I.
22229 | Union Carbide Corp. Electronics Div, 71744 { Chicago Mintature Lamp Works
Mountain View, Calif, Chizago, I,
22753 | UID Electronics Corp, Hollywood, Fla, 71785 | Cinch Mg, Co. and Howard
23936 | Pamotor, Inc, Pampa, Texas B, Jones Div, Chicago, Iil,
24446 | General Electric Co, Schenectady, N.Y. 71984 | Dow Corning Corp, Midland, Mich,
24455 | General Electric Co, Lamp Div, of Con- 72136 | Electro Motive Mfg, Co, Inc,
sumer Prod, Group Willimantic, Conn,
Nela Park, Cleveland, Ohio 72619 § Dialight Corp, Brooklyn, N, Y.
24655 | General Radio Co, West Concord, Mass, 72699 | General Instrument Corp, Nesvark, M.,
24681 | LTV Electrosystems Inc Memcor/Com= 72765 | Drake Mfg, Co, Harwood Hetghts, Il1,
porents Qperations Huntington, Ind, 72962 | Elastic Stop Nut Div, of
26982 | Dynacool Mfg, Co, Inc, Saugerties, N.Y. Amerace Espa Corp, Union, N.]J.
27014 [ National Semiconductor Corp, 72982 | Erie Technological Products Inc, Erie, Pa,
Santa Clara, Cuilf, 73096 | Hort Mfg, Co, Hartford, Conn,
28480 | Hewlett~-Packard Co, Palo Alto, Calif, 73138 | Beckman Instruments Inc,
28520 | Heyman MIfg, Co, Kenilworth, N.J, Helipot Div, Fullerton, Callf,
28875 | IMC Magnetics Corp, , 73168 | Fenwal, Inc, Ashland, Mass,
New .lampshire Div, Rochester, N, H, 73293 | Hughes Alrcraft Co, Eloctron
31514 | SAE Advance Packaging, Inc. ’ Cynamics Div, Torrance, Callf,
Santa Ana, Calif, 73445 | Amperex Electronic Corp, '
31827 |Budwig Mfg, Co. Ramona, Calif, Hicksville, N.,Y.
33173 |G,E, Co. Tube Dept, Owenshoro, Ky, 73506 | Bradley Sen «conductor Corp,
35434 | Lectrohm, Inc. Chicago, Il ! New Haven, Conn,
37942 | P.R, Mallory & Co. Inc. 73559 | Carling Electric, Inc, Hartford, Conn,
: Indianapolis, Ind, 73734 | Federal Screw Products, Irc. '
4219¢ | Muter Co, Chicago, I, Chicago, I,
43334 | New Departure-Hyatt Bearings Div, 74193 | Helnemann Electric Co, Trenten, N,J.
General Motors Corp, Sandusky, Ohio 74545 | Hubbell Harvey Inc, Bridgeport, Conn,
44655 | Obmite Manufacturing Co, ‘Skokie, I, 74868 | Amphenol Corp, Amphenol RF Div,
46384 | Penn Engr, and Mfg, Corp, Danbury, Conn,
Doylestown, Pa, 74970 | E. F. johnson Co, Waseca, Minn,
47904 }Polaroid Corp. Cambridge, Mass, 75042 § IRC Div, of TRW, Inc, Philadelphia, Pa,
49956 {Raytheon Co. ' Lexington, Mass, 75183 | *Howard B, Jones Div, of Cinch
55026 [Simpson Electric Co. Div, of American Mfg. Corp. New York, N.Y,
Gage and Machine Co, Chicago, Il 5376 | Kurz and Kasch, Inc, Dayton, OChic
56289 |Sprague Electric Co. North Adams, Mass. 75382 | Kilka Electric Corp, Mt, Vernon, N.Y.
58474 | Superior Electric Co. Bristol, Conn, 75915 | Littlefuse, Inc. Des Plaines, 111,
58849 |Syntron Div, of FMC Corp. 76381 | Minnesota Mining and Mfg, Ca,
Homer City, Pa, St, Paul, Minn,
59730 |Thomas and Betts Co, Philadelphia, Pa, 76385 | Minor Rubter Co, Inc,  Bloomfield, N.J.
61637 |Union Carbide Corp, New York, N.Y. 76487 |James Millen Mfg, Co, Inc,
63743 [Ward Leonard Electric Co, Malden, Mass,
Mt, Vernon, N. Y. 76493, | T. W, Miiier Co. Compton, éallf.

*Use Code 71785 assigned to Cinch Mfg, Co,, Chlcago, Ill.
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Table 6-3, Code List of Manufacturers (Continued)
CNO-;I?E MANUFACTURER ADDRESS CNOOE.)E MANUFACTURER ADDRESD
76530 | Cinch City of Industry, Calif, 83508 | Grant Pulley and Hardware Co,
76854 | Qak Mig. Co, Div, of Qak West Nyack, N. Y,
Electro/Netics Corp,  Crystal Lake, I, 83594 | Burroughs Corp, Electronic
77068 | Bendix Corp,, Electrodynamics Div, Components Div, Plainficld, N.J.
No, Hollywood, Calif, 83835 | U, S. Radium Corp, Morristown, N,J.
77122 | Palnut Co, Mountainside, N,T. 83877 | Yardeny Laboratorics, Inc,
77147 | Patton-MacGuyer Co, Providence, R.I, New York, N, Y.
77221 | Phaostran Instrument and Electronic Co. 84171 | Arco Electronics, Inc,  Great Neck, N.Y.
South Pasadena, Callf, 84411 | TRW Capacitor Div, Ogallala, Neb,
77252 | phlladelphia Steel and Wire Corp, 86684 | RCA Corp, Electronic Components
Philadelphia, Pa. Harrison, N.J.
773421 American Machine and Foundry Co, 86838 | Rummel Fibre Co, Newark, N.J.
Potter and Brumfield Div, Princeton, Ind, 87034 | Marco & Qak Industries a Div, of Gak
77630 | TRW Electronic Components Div, Electro/netics Corp, Anaheim, Caltf,
Camden, N,J, 87216| Phtlco Corp, Lansdale Div, Lansdale, Pa,
77764 | Resistance Products Co,  Harrisburg, Pa, 87585| Stockwell Rubker Co, Inc,
78189 | Iinois Tool Works Inc, Shakeproof Div, Phitadelphia, Pa.
Elgin, fll, 87929| Tower-Olschan Corp,  Bridgeport, Gonn,
78452 | Everlock Chicago, Inc, Chicago, I, BB140| Cutler-Hammer Inc, Power Distribution
78488 | Stackpole Carbon Co, St. Marys, Pa, and Control Div, Lincoln Plant
78526 | Stanwyck Winding Div, San Fernando Lincotin, I,
Electric Mfg, Co. Inc., Newburgh, N, Y, 88245| Litton Precision Products Inc, USECO
78553{ Tinnerman Products, Inc, Cleveland, Ohio Div, Litton Industries Van Nuys, Calif,
78584 | Stewaort Stamping Corp, Yonkers, N,Y. 90634 | Gulton Industries Inc, Metuchen, N.J.
79136 | Waldes ¥rhinoor, Inc, LLC.. N.Y, 90763 | United-Car Inc, Chicago, HI,
79307 | . Whitcnead Metals Inc, New York, N, Y. 91345 | Miller Dial and Nameplate Co,
79727 | Continun.sl-Wirt Electronics Corp, El Monte, Calif,
‘ Phtladelphia, Pa, 91418| Radlo Materials Co, Chicago, (il
799631 Ziarick Mfg. Co. Mt, Xisco, N, Y. 91506} Augat, Inc, Attleboro, Mass,
80031 | Mapco Div, of Sessions Clock Co, 91637 | Dale Electronics, Inc, Columbus, Neb,
Morristown, N,J. 91662 | Elco Corp, Willow Grove, Pa,
80294 | Boums, Inc. Riverside, Calif, 91929 | Honeywell Inc, Div, Micro Switch
81042 | Howard Industries Div, of Mst Ind, Inc, : Freeport, I,
: , Racine, Wisc, 92825 Whitso, Inc, Schiller Pk, , Il
81073} Grayhill, Inc, La Grange, II), 93332 Sylvania Electric Prod, Inc, Semi-
81483 | International Rectifier Corp, conductor Prod, Div, Woburn, Mass,
: 11 Segundo, Calif, 93410} Essex Wire Corp, Stemco
81751 | Columbus Electronics Corp, Yonkers, N, Y. Gontrols Div, Mansfield, Ohlo
82099 | Goodyear Sundries & Mechanical Co, Inc, 94144 | Raytheon Co, Components Div,
New York, N.Y. Ind, Components Oper, Quincy, Mass,
82142 | Alrco Speer Electronic Components ! 94154} Wagner Electric Corp,
Du Bois, Pa, Tung-Sol Div, Livingston, N.}J.
82219| Sylvania Electric Products Inc, 94222 Southco Inc, Lester, Pa,
Electronic Tube Div, Rrcelving 95263} Leccraft Mfg, Co, Inc, LLG., WY,
Tube QOperations Empc-ium, Pa, 95354} Methode Mig, Co, Rolling Meadows, Til,
82389 Switchcraft, Inc, Chicago, Ill, 957121 Bendix Corp. Microwave
82647 | Metals and Controls Inc, Control ! Devices Div, Franklin, Ind,
Products Group Attleboro, Mass, 95987 ] Weckesser Co, Inc, Chicago, [,
82966 | Resecarch Products Cerp, Madison, Wis, 96791 | Amphenol Corp, Amphenol
82877| Rotron Inc, Woodstock, N.Y, Controls Div, Janesville, Wis,
B82893| Vector Electronic Co, Glendale, Calif, 97464 | Industrial Retaining Ring Co,
B3058| Carr Fastener Co, Cambridge, Mass, Irvington, N.J.
B3186| Victory Engincering Corp. 97702 | IMC Magnetics Corp, Fastern Div,
Springfleld, N.J. Westbury, N.Y.
832981 Bendix Corp. Electric Power Liv, 98291 | Sealectro Corp. Mamaroneck, N, Y.
_ Eatontown, N.J, 98410| ETC Inc, Cleveland, Ohlo
83330| Herman H, Smith, Inc. Brooklyn, N, Y, 98978| International Electronic Rescarch Corp,
83385§ Central Screw Co, Chicago, 1L, Burbank, Calif,
83501 | Gavitt Wire and Cable Div, of 99934 | Renbrandt, Inc, Roston, Mass,
- Amerace Esna Corp. vrooklield, Mass.

r—
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Tahle 6-4, Replaceable Parts

REF.

MFRI

DESIG, DESCRIPTIIONT TQ MF8, PART NO, CODE HP PART NO, RS
Al Amplifier Boord 1 28480 | 06464-60021

C1,2 fxd, mylor O.1uF 200Vde 4 192P 10492 56289 0160-0168 1

Cb fxd, ceramic 0,02uF 2000Vdc 2 28480 0160-2569 1

cé fxd, tantatum 1uF 36Vdc 2 160D105X08036A2 | 56289 3180-0291 1

8 fxd, ceramic 0.01buF 1000V 1 28460 0160-2477 1

ci0 txd, tantalum 1uF 36Vde 160D105X80365A2 | 66289 0180-0291

ci fxd, ceramic 0,02uF 2000Vdc 28480 0160-2669

c12 fxd, ceramic 0,47uF 25Vdc 4 28480 0160-0174 1

Cib fxd, tantalum 4.7uF 35Vdc 1 160D475X9035B2 56289 0180-0100 1

C16 txd, ceramic 0.02uF 600Vde 1 B41-000-Z25U-2032 | 72982 0160-0024 1

c17 fxd, ceromic 0.012F BQ0Vde 4 28480 0150-0081 1

ci8 fxd, tantalum 4,7uF 35Vdc 1600476X9035B2 | 56289 0180-0100

c19 fxd, ceramic 0.47uF 256Vdc 28480 0160-0174

C20 fxd, tantalum 16uF 60Vdc i 150D166X0060R2 | 66289 (180-1834 1

c2 fxd, ceramic 0.01pF 500Vdc 28480 01500081

€22 fxd, mylar 0,22uF BOVde 1 192P2249R8 56289 0160-2453 1

C23 fxd, tantalum G8uF 16V 7 160D686X001682 | 56289 0180-1835 2

C26 fxd, etect, 200uF 65V 1 28480 0180-1884 1

C26 fxd, tantalum 4,7uF 35Vdc 160D476X903582 56289 0180-0100

c27 fxd, tantalum 68uF 16V 160D686X001682 66289 0180-1835

Cc28 fxd, tantalum 22uF 35V 160D226X0035R2 | 56289 0180-0160

C30 fxd, elect. 1uF BOV 1 30D 105G050BA2 56289 0180-0108 1

C31 fxd, ceramic 0.47uF 26Vdc 28480 01600174

CR34,35 fxd, tantalum 68uF 16V 160D686X0016B2 | 656289 0180-1835

CR36 fxd, mica 30nF 300Vdc 2| RDM15E300J3C 00853 0160-2199 1

c38 fxd, mylar 0.1¢F 200Vdc 192P 10492 56289 0160-0168

C39 fxd, ceramic 0,01uF 500Vde 28480 01500081

C44,45 fxd, tantalum 68ufF 16V 160D686X001682 | 56289 (180-1835

C46 fxd, mica 30pF 300Vdc RDOM15E30043C 00863 0160-2199

C48 fxd, mylar 0,3uF 260Vdc 192P10492 56289 01600168

C49 fxd, ceramic 0.01uF 500Vdc 28480 0150-G081

€62 fxd, ceramic 0.47uF 26Vdc 28480 0160-0174

C63 fxd, tantalum 68uF 16V 1560D686X001582 56289 0180-1835

CE4 fxd, tantalum 4,7uF 35Vdc 160D475X903582 66289 0180-0100

C56 fxd, elect. 1450uF 45V 1 28480 0180-1893 1

CR1,2,13-16 | Diode, Si. 260mW 200V 25 28480 1901-0033 10

CR19,20 Stabistor A00mW 10V 7 28480 1801.0460 6

CR21 Diode, St, 250mW 200V 28480 1901.0033

CR22 Stabistor 400mW 10V 28480 1901-0460

CR23-26 Diode, Si. 250mW 200V 28480 1901.0033

CR26 Stabistor 400mW 10V 28480 1901-0460

CR27 Diode, Si, 250mW 200V 28480 1901.0033

CR28-33 Rectifier, Si. 200V 1A 10 28480 1901-0327 7

CR34 Diode, Si. 250mW 200V 28480 1901.0023

CR35 Stabistor A00mW 10V 28480 1901-0460

CR38-4143,

45-48,60-53 | Diode, Si. 250mW 200V 28480 1901-0033

CR54-67 Rectifier, Sh. 200V 1A 28480 1901-0327

CRbE8 SCR 600V 2A 1 28480 1684-0044 i

www.valuetronics.com
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REF. MFR,
DESIG. DESCRIPTION® TQ MFR. PART NO, CODE HP PART NO. RS
fen
A1CRE0,L1 Stabistor 400mW 10V 28480 1801-0460
K1 Relay, 4 PDT 1 KHP-17D11-24 77342 0490-0364 1
o) SS NPN Si, 3 28480 1864.0244 3
Q2,3 SS NPN Si. 2 28480 1864-0087 2
Q4 SS PNP Si, 1 28480 1863-0010 i
ab SS NPN Si. 1 28480 1864.0224 1
Q6-8 SSPNP S8i, 3 28480 1853.0041 3
Q9,10 85 NPN Si, 28480 1864.0244
an Unljunctian, Si., SS 1 2N2646 04713 1866-0010 1
R1,2 fxd, met, film 3k 1% 1/8W 2] TypeCEAT-0 07716 0767-1093 1
R6,8 fxd, ww B20 3W TC £30ppm/cC 2 | 242EB215 56288 0813-0010 1
R9 fxd, met, film 6k 1% 1/8W 2| TypeCEAT-0 07716 0698-3476 1
R10 fxd, met. film 2k 1% 1/8W 3| TypeCEATU 07716 0767.0283 1
R11 fxd, comp 18k 5% %AW 3| EB-183b on 0686-183b 1
R12 fxd, comp 3.9k B% AW 2 | EB-3925 01121 0686-3926 1
R13 fxd, met. film 6.2k 1% 1/8W 6| TypeCEAT-O 07716 0698.5087 2
Ri14 fxd, met, film 8.26k 1% 1/8W 5| TypeCEAT-O 07716 0767-0441 1
R1b fxd, comp 560 5% %W i EB.5615 on21 0686-6615
R2b fxd, met. film 160k 1% 1/8W 1] TypeCEAT-0 07718 0698-6092 1
R26 fxd, met, film 23.7k 1% %W 21 TypeCECT-0 07716 0698-3417 1
R27 fxd, met. film 2k 1% 1/8W Type CEA T-0 07716 0767-0283
R28 fxd, comp 18k 6% YW EB-1835 01121 (686-1836
R29 fxd, met. film 6.2k 1% 1/8W Type CEA T-0 07716 0698-5087
R30 fxd, met. flim 8,26k 1% 1/8W Type CEAT-0 07716 0767.0441
. R32,33 fxd, comp 1k B% %W 7| EB-1025 o121 0686-1026 2
R34 fxd, met, film 8,26k 1% 1/8W Type CEAT-O 07716 07670441
R37 fxd, met. film 8k 1% 1/BW Type CEAT.0 07716 0698-3476
}HBB fxd, met. film 1.69% 1% 1/8W 1| TypeCEAT-O 07716 0698-4428 i
/RSS fxd, comp 1k B% VW EB-1026 012 0686-1026
IR40 fxd, met. film 2k 1% 1/8W Type CEA T-Q 07716 0757-0283
I R41 fxd, met, film 8,26k 1% 1/8W Type CEA T-0 07716 0757.0441
' R42 fxd, met, film 6,2k 1% 1/BW Type CEAT-0 07716 0698-6087
R43 fxd, met. film 23,7k 1% %W Type CECT-0 07716 0698-3417
R44 fxd, comp 1.3k 5% %:W 2 | EB-1325 o 0686-1326 1
45 fxd, comp 36k B% %W 1 EB-3635 o2 0686-3636 1
R46 fxd, comp 3%k 5% %W 2 | EB-3935 012 0686-3936 1
R48 var. ww 2k 6% Single-Turn 3| TypeCT-100-4 07716 2100-1429 1
R49 fxd, comp 3.9k 5% %W EB-3925 o 0686-392b
R60 fxd, comp 43k B% W 2 | EB-4335 o2 0686-4336 1
R51 fxd, comp 380 b% %W 1 EB-3916 01121 0686-3916 1
f52 fxd, comp 120 5% %W 1 EB-1216 o 0686-1216 1
R53 fxd, comp 2k 6% %W 3 | EB-2025 01121 0686-2026 1
R54 fxd, comp 100 b6% %W 1 EB-1015 o1 0686-1016 1
R55 fxd, met, film 6.2k 1% 1/8W Type CEAT-0 077186 0698-6087
R56 fxd, comp 1k 5% ¥:W EB-1025 01121 0686-1026
R57 fxd, comp 39k 5% ¥BW EB-3935 on21 0686-3936
R60 fxd, ww 2,7 b% 2W 1| Type BWH 07716 0811-167 1
R61 fxd, comp 2.4k 5% %W 1 EB-2425 on2 0686-2426 1
RG2 fxd, comp 1.5k 6% %W 1 EB-1625 o 0686-1625 1
RE3 fxd, comp 1.8k 8% W 1 EB-1825 01121 0686-1826 1

+ NOTE: All resistors are in ohms unless otherwise indicated.
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REF, MFR.
DESIG. DESCRIPTION®t TQ MFR. PART NO, CODE HP PART NO. RS

A1R64 fxd, met, film 12k 1% 1/8W 2| TypeCEAT-Q 07716 0698-5088 1

R65 fxd, met. film B,26k 1% 1/BW Type CEAT-0 07716 0767.0441

RG6 fxd, ww 634 1% UW T.C. +20ppm/0C 1 28480 0811.1934 1

R67 fxd, comp 10 B% ¥:W 1 EB-1005 o 0686-1005 1

RE8 fxd, comp 470 5% YW 1 EB-4715 o 0686-4716 1

REY fxd, met, film 12k 1% 1/8W Type CEAT-0 07716 0698-6088

R70,71 fxd, met, Hilm 6.2k 1% 1/8W Type CEAT.0 07716 0698.5087

R76 fxd, comp 1.3k 5% %W EB-1326 o2 0686-1326

R76 fxd, met, oxide 5,1k 5% 2W 1 Type C425 16299 0698-3644 1

R77 fxd, comp 2.7k 5% %W 1 EB-2725 01121 0686-2726 i

R78 fxd, comp 180 5% %W 1 EB-1816 01121 0686-181b 1

R79 fxd, comp 620 5% %W 1 2B-6215 021 0686-6215 ]

R80 fxd, comp 10k 5% %W 1 EB-1035 01121 0686-1035 1

R33 fxd, comp 30k 5% %W ' 2 | EB-3036 o1 0686-3035 ]

R84 fxd, comp 16k 6% %W 1 EB-1635 01121 0686-1636 1

R85 fxd, comp 43k 5% %W 1 EB-4335 0121 0£86-4336 1

R86 fxd, met, oxide 7.5k 6% 2W 2| TypeC42S 16299 0764-0002 1

R90§,918 fxd, met, oxide 22 5% 2W 4 | Type C425 16299 0698-3609 1

R92,93 fxd, met, film 9,09k 1% 1/BW 4| TypeCEAT-O 07716 0757.0288 1

R24,95 fxd, met, f,..n 7.6k 1% 1/8W 4| TypeCEAT-0 07716 0757.0440 1

R36 fxd, comp 1k 6% %W EB-102E on2s 0686-1026

RI8 ] fxd, comp 330 5% AW 2 | EB-3315 o 0686-3316 1

RB9 } fxd, comp 78k 5% AW 2| EB-7535 on2 0686-7635 1

R100 fxd, met, film 16k 1% 1/8W 2| TypeCEAT.Q 07716 0757.0446 1

R101 fxd, comp 1 Meg B %W 2 | EB-1055 o 0686-1056 1

R102 var. ww 15k 5% Single-Turn Type CT-100-4 07716 2100-0896

R1103,111§ | fxd, met. oxide 22 5% 2W Type C42S 16299 0698-3609

R112,113 fxd, met. film 9,09k 1% 1/8BW Type CEAT.0 07716 0767.0288

R114,115 fxd, met. film 7.6k 1% 1/8W Type CEAT-0 07716 0757-0440

R116 fxd, comp 1k 6% %W EB-1026 o 0686-1026

R118 fxd, comp 330 B% VW EB-3316 01121, 0686-3316

R119 fxd, comp 76k 5% %W EB-7635 o2 0686-7535

R120 fxd, met. fitm 16k 1% 1/BW Type CEAT-0 07716 0767-0446

Ri21 fxd, comp 1 Meg 5% %W EB-1055 01129 0686-1056

R122 var, ww 16k B% Single-Turn Type CT-100-4 07716 2100-0896

R125,126 fxd, comp 2k 5% AW EB-2026 on21 0686-2026

R127 fxd, met. film 47,6k 1% 1/8W Type CEAT-0 07716 0767.0457

R128 fxd, comp 100k 5% %W 1 EB-1046 01129 0686-1045 1

R129 fxd, comp tk 6% %AW EB-1025 on2i 0686-1026

R130 fxd, met. film 4,32k 1% 1/8W 1 Type CEA T-Q 07716 0756704715 1

R131 var, ww 2k 5% Single-Turp 1 Type CT-100-4 07716 21001429 1

R133,134 fxd, ww 400 5% 10W T.C. +30ppm/oC| 2 | 247E4015 56289 0811-0942 1

R135 xd, comp 760 6% %W 1] EB-7516 01121 0686-7516 i

R136 fxd, comp 30k 5% %W EB-3035 0121 0686-3035

H137 fxd, met. oxide 620 5% 2W 1 Type C42S 16299 0764-0063 1

R138 fxd, ww 7.5 B% 2W 1 Type BWH 07716 0811-2653 1

R139 fxd, comp 16 5% ViW 1 EB-1605 o 0698-3561 1

Rid1 var, ww B00 5% Single-Turn 1 Type CT-100-4 07716 21000898 1

R142 fxd, met. film 42,2 1% 1/8W 1 Type CEAT-0 07716 0767.0316 1

R143 Thermistor, disc, 64 10% 1 LB1621 16801 08370023 1

t NOTE: All resistors are in ohms unless otherwise indicated.
§ NOTE: These components are applicable to Options 801 and 002, Camponents will change for Options 003, 031, and
-032. See applicable Option at rear of Table, '

www.valuetronics.com

-7




-www.valuetronics.com .

REF. MFR.
DESIG. DESCRIPTION?T TQ MFR. PART NO. CODE HP PART NO, RS
AlR144 var, ww 500 10% Single-Turn i Type 110-F4 11236 2100-0328 1
R146 fxd, met, oxide 7,6k 5% 2W Type C425 16299 07640002
T6 Teansformer, Power 1 28480 5080-7168 1
U1,2 Dual Differential Amplifier 2 | CA3026 02735 1820-0240 2
U3-6 Operational Amplitier 3| LM301A 07014 18200223 -3
VRI1 Diode, zener 4,22V 5% 400mW 1 28480 1902.3070 1
VR2 Diode, zener 6.8V 400mW 1 28480 1802.0048 1
VR3 Diode, zener 6,2V 5% 400mW 3| INB21 04713 1902-0761 3
VR4 Diode, zener 16.2V 5% 400mW 1 28480 1402-0184 1
VARG Diode, zener 6.2V 6% 260mW 1 28480 1902-1221 1
VRE,7 Diode, zener 6.2V 5% 400mW 1N821 04713 19020761
VRI Diode, zener 12,4V 6% 400mW 1 28480 1902-3185 1
VR10 Diode, zener 6,19V 5% 400mW 1 28480 1802:0049 1
A2 Firing Circults 1 284R0 5060-7916
ci fxd, mylar 0,033uF £10% 200Vdc 31 192P33392 56289 0160-0163 i
' C2 fxd, elect, buF 65V 3 28480 0180-1836 1
C3 fxd, tantalum 1uF 36V 3 28480 0180-1980 1
Cc4 fxd, mylar 0.22uF £10% 80Vdc 3| 192P2249R™ 56289 0160-2463 1
Ccb ixd, tantalum 3.3uF 50V 3 | 150D335X00bC32 56289 0180-2141 1
c1 fxd, mylar 0.033uF *105% 200Vdce 192P33392 56289 0160-0163
c12 fxd, elect. 6uF 66V 28480 0180-1836
Ci13 fxd, tantalum 1uF 36V 28480 0180-1980
C14 Ixd, mylar 0.22uF +10% BOVdc 192P2249R8 56289 0160-2463
Ci5 fxd, tantalum 3.3uF 6OV 160D335X9050B2 56289 0180-2141
c: fxd, mylar 0,033uF £10% 200Vdc 192P33392 56289 0160:0163
c22 fxd, elect, BuF 65V 28480 0180-1836
c23 fxd, tantalum 1uF 35V 28480 0180-1980
C24 fxd, mylar 0.22uF £10% BOVde 192P2249R8 56289 0160-2463
€26 fxd, tantalum 3,3uF 50V 160D335X005082 66289 0180-2141
CR1,2 Diode, Si. 200mA 76V 6 28480 19010050 6
CR3 Diade, Si. 260mW 200V 6 28480 1901-0033 6
- CR4 Stabistor 400mW 10V ] 28480 1901-0460 6
CR5 Diode, Si, 260mW 200V 28480 1901-0033
CR6,7 Stabistor 400mW 10V 28480 1901-0460
CR11,12 Diode, Si. 200mA 76V 28480 1901-0060
CR13 Diode, Si, 250mW 200V 28480 1901.0033
" CR14 Stabistor 400mW 10V 28480 1801-0460
CR15 Diade, Si. 2560mW 200V 28480 19010033
CR16,17 Stabistor 400mW 10V 28480 1901-0460
CR21,22 Diode, Si. 200mA 76V 28480 1501-0050
CR23 Diode, Si. 260mW 200V 28480 1901-0033
CR24 Stabistor 400mW 10V 28480 1901-0460
CR25 Diode, Si, 260mW 200V 28480 1901.0033
CR26,27 Stabistor 400m\W 10V 28480 1901-0460
N} Connector, P.C. Board 44-pin 1| 251-22-30-390 71785 12510485 1
Q1-3 SSPNP Si, 3 28480 1853-0041 3
R1 fxd, comp 510 5% W 3| EBBG o2 06865115 1
1 NOTE: All resistors are in ohms unless otherwise indicated.
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RCZF. MFR,
DESIG. DESCRIPTIONt Ta MFR. PART NO. CODE HP PART NO, RS
A2R2 fxd, comp 2.4k 5% YW 3 | EB-2425 0121 (686-2425 1
R3 fxd, comp 240 b% YW 3 | EB-2415 o2 0686-2415 1
R4 fxd, comp 1.8k 5% %W 3 | EB-1826 o121 0686-1826 1
RE fxd, comp 5.1k b% %W 3 | EB5125 on21 0686-6126 1
R6 fxd, comp 3k 5% %W 3 | EB-3026 o2 0686-3026 1
R7 fxd, met, film 9,09k 1% 1/8W 3 | TypeCEAT-0 Q07716 0757.0288 1
R11 fxd, comp 610 B6% %W EB-B116 o2 0686-61156
R12 fxd, comp 2,4k 5% 2W EB-2426 01121 0686-2425
Ri3 fxd, comp 240 6% %W EB-2416 o1 0686-2415
R14 fxd, comp 1.8k 5% %AW EB-1826 o111 0686-1826
R15 fxd, comp 5,31k 5% YW EB-6125 o1 0686-5126
R16 fxd, comp 3k b% %W EB-3026 o121 0686-3025
R17 fxd, met. film 9.09k 1% 1/8W Type CEA T-0 07716 0767.0288
R21 fxd, comp 610 6% %W EB-5116 01121 0686-5116
R22 fxd, comp 2.4k 5% %W EB-2425 G121 0686-2425
R23 fxd, comp 240 6% %W EB-2415 01121 0686-2416
R24 fxd, comp 1.8k 5% %W EB-1826 an2 068G-1826
R2b fxd, comp 6.1k 6% %W EB-5126 o121 0686-5125
R26 fxd, comp 3k 5% %W EB-3026 o 0686-3025
R27 fxd, met. film .09k 1% 1/BW Type CEA T-0 07716 0767-0288
R28 fxd, comp 47k 5% YW 1 EB-4735 ot 0686-4736 1
R29 fxd, comp 100 5% %W 1 EB-1015 oit21 0686-1016 1
R30 fxd, comp 1k 6% %W 1 EB-1025 01121 0686-1026 1
T7-9 Transformer, Power 3 28480 5080-7167 1
TB1,2 Terminal Block 2 28480 0360-1674 i
A3 Control Board 1 28480 5060-7918
Cci-g fxd, ceramic 0,02uF +20% 2000Vdc 9 28480 0160-2569 2
ci0 fxd, ceramic 0,06uF £20% 400Vdc 1 28480 0160-0052 1
J1 Connector, P.C. Board 44-pin 1 261-22-30-390 71785 12561.0495 1
K2 Contactaor 1 28480 0490-0967 1
L1-3§ Inductor, Line 3 28480 5080-7163 ]
R1-3 § fxd, met, oxide 66 B% 2W 3 | TypeCA2S 16299 0764.0013 1
R4 fxd, comp 30k 5% “W 1 EB-3035 on2 0636-303% 1
R5 fxd, comp 3.3 6% VW 1 EB-33G5 o2 0686-0335 1
RV1 Varistor 300V 1 28480 0837.0073 i
Ti-3§ Transformer, Bias 1 28480 5080-7165 1
T10,11 Transformer, Power 2 28480 5080-7131 1
Front Panel Assembly — Electrical 1 28480
DSt Light, Indicator =LINE ON 1 28480 1450-0419 1
Ds2 Light, Indicator, Qvercurrent Protect 1 28480 1450-0708 1
pS3 Light, Indicator, Temperature 1 28480 1460-0350 1
M1 Voltmeter, 10V 1 28480 1120-1248 1
M2 Ammeter, 1200A 1 28480 1120-1249 1
R1 var, ww 2k 8% Coarse Voltage Adjust | 1 a 28483 2100-1893 1
R2 var. ww 200 5% Fine Voltage Adjust 1 28480 2100-1856 1
'R3 var, ww 300 5%, Fine-Current Adjust 1 28480 2100-1848 i

t NOTE: All resistors are in ohms unless otherwise indicated,

§ NOTE: These components are applicable to Options 001 and 002, Componems will change for Options 003, 031, and
032. See applicable Option st rear of Table.
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REF. MFR.
DESIG. DESCRIPTIONt TQ MFR, PART NO. CODE HP PART NO. | RS
Front Panel Assembly {Continued)
R4 var, ww Tk b%, Coarse Current Adjust 1 28480 2100-1847 1
51 ) Switch, Toggle, OPST 1 2GKB0-73X5V1 73659 3101-0946 ]
Rear Pancl Assembly — Electrical i 28480
F4-6 Fuse, 0.3A 600V 3 28480 2110-0398 15
F75,8% Fuse, 1,6A BOOV 2 28480 2110-0401 10
Qutput Capacitor Tray — Electrical 1 28480
C1-16 fxd, elect, 110,000uF 16Vdc 16 28480 0180-1932 4
Main Frame — Electrical
B1 Fan 1 28480 3160:0240 1
CR1-3 § Rect. Si. 500V 100A 3 28480 1901-1048 3
CR4-6 § SCR 500V 10W 3 28480 1884-0092 3
CR7-32 Diode, 5i. 50V 600A 6 28480 1901.0336 6
F1-3§ Fuse, 70A 600V 3 28480 2110-0392 15
L Choke ' 1 28480 | 06464-80098 1
R6-8 fxd, ww 0.04 10% 40W 3 28480 0811-1950 1
R9-16 fxd, ww 0.33 5% 40W 8 28480 0811-1953 2
T4 & Transformer, Power 1 28480 06464-80096 1
T6 § Transformer, Power 1 .28480 5080-7164 i
TC1 Switch, Thermal 1 28480 3103-0012 1
MECHANICAL
A1 Amplifier Board
Bumper, Fubber, 6-32 Thread 1 28480 0403-0088 1
Sacket Relay, 14 Terminal, K1 1 27EQ07 77342 0490-0402 1
Heat Sink, A105 1 28480 b000-6025 1
Card Extractor 2 28480 5020-2046 1
Rollpin, Extractor 2| 620120620250 72962 1480-0059 1
A2 Firing Board
Socket, Transistor 3| 053306 91662 1200-0708 1
A3 Control Board
Spacer #10 x 375 6| 9318-A194.0 06540 0380-0471 2.
Standoff 10-32 x 1.000 6| 9768-A-1032:0 06540 0380-0728 2
Frant Panel Assembly
Knob, Black {R1—R4) 4 28480 0370-0026 1
Spring, Meter (M1,M2} 8 28480 1460-0266 2
Bezel, Meter (M1,M2) 2 28480 4040-0297 1
Hinge, Front Panel, Left 1 28480 5000-6280
Hinge, Front Panel, Right 1 28480 5000-6281
Hale Plug, 3/8 in. 1 28480 6960-0001 i
Rear Panel Assembly
Cable Clamp 1 : 28480 0100-0407 i
Fuse Holder, F4--F8 b * 28480 2110-0397 1

+ NOTE: Al resistors are In ohms unless otherwise indicated.

§ NOTE: These components are applicable to Options 001 and 002. Components will change for Options 603, 031, and
: 032. See applicable Option at rear of Table.
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REF, MFR.
DESIG. DESCRIPTION TQ MFR. PART NO. CODE HP PART NO, RS
Rear Panel Assembly (Continued)
Panel, Rear 1 28480 5000.6282
AC Terminal 8oard, TB} 1 28480 0360-1663
Bracket, TB1 1 28480 50006283
Mounting Plate, TB1 1 28480 5000-6284
Qutput Capocitor Tray
Tray, Copacitor (C1-C16) 1 28480 6000.6285
Cover, Copacitor Tray 1 28480 £5000-6286
Rusbar, +Qutput 1 28480 | 06464-20010
Busbar, Choke 1 28480 | 06464-20011
Busbar, ~Output 1 28480 | 06464-20012
Pan, Bottom, Right [ 28480 6000-6291%
Bracket, Capacitor Tray 1 28480 6000-6299
Clamp, Capacitor {C1—C16) il 28480 0160-2590 1
Main Frame Assembly
Eye Bolt 2 28480 0670-1101
Screw, Socket Head 3/4-10 8 28480 3030-0370
Pan, Bottom, Left 1 28480 6000-6290
Post, Corner, Frame 4 28480 6020-8021
Bar, Frame 4 28480 65020-8022
Tray Assembly, Heat Sink 1 28480 | 06483-60007
Heat Sink, Rectifier {CR7—CR9) 1 28480 6020-8012
Heat Sink, Rectifier {CR10) ] 28480 65020-8013
Heat Sink, Rectifier {CR11) 1 28480 | 6020-8014
Heat Sink, Rectifier {CR12) 1 28480 5020-801b
Bracket, Heat Sink 1 28480 6000-6287
Insulator, Heat Sink 2 28480 6020-8036
insulator 20 28480 0340-0172 4
Shoulder Washer ;J 12 28480 2190-0491 3
Bracket, Heat Sink 1 28480 | 6000-6288,
Busbar, Rectifier 1 28480 65020-8016
Spacer, Rectifier 1 28480 | 06464-20016
Support, Heat Sink 1 28480 £020-8045
Bushing 6 28480 0340-0168
Tray Assembly, P.C, Board 1 28480 8060-7923
Standoff, P.C. Boards 32 x % 7 2322 83330 03800093
Standoff, P.C, Boards 32 x 1 3| 97568-A-1032-0 06540 03800728
Rubber Grommet 7/8 dia, 3| 2187 83330 0400-0063
Rubber Grommet % dia. 2| 2176 83330 0400-0077
Guide,FC, Boards, A1-A3 10 : 28480 0403-0160
Tray 1 28480 6000-6289
Heat Sink, SCR, CR1~CR6 3 28480 | 6020-8017
Insulator Heat Sink 1 28480 6020-8019
Insulator Heat Sink 1 28480 5020-8020
Insulator Heat Sink 1 28480 6020-8018
MISCELLANEQUS MECHANICAL
Spacer, B-32 x % 4 2327 83330 0380-0136
Cable Clamp 4 T4-6 79307 1400-0332 1
Air Filter, Front Panel 1 28480 3160-0217
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REF. MFR,
DESIG. DESCRIPTIONt TQ MFER. PART NO. CODE HP PART NO, RS
Misc, Mechanical {Continued)
Fuse Block § 1 28480 21100393
Busbar, Qutput, C1-C16 2 28480 5000-6252
Cover, Top 1 28480 50u0-6292
Cover, Side 2 28480 6000-6297
Bottom, Front Panel ] 28480 6000-6294
Bracket, Filter 2 28480 6000-6295
Bracket, Fan, B 1 28480 65000-6297
Bracket, Fan, Bl 1 28480 6000-6298
Cover, Quiput Bushars 1 28480 6000-6300
Hinge, Mounting Bracket 1 28480 5000-9301
Hinge, Mounting Bracket 1 28480 6000-9302
Trim Suip 4 28480 5000-9319
Cover, Barrier Strip, A2TB1,2 t 28480 5000-9320
Bracket, Fan, B} 1 28480 5000-9321
Cover, P,C. Board Protection 1 28480 50009322
Bottom, Rear Panel 1 28480 6000-6295
MISCELLANEQUS .
Carton, Packing 1 28480 9211-1188
Base, Wood, Skid 1 28480 9220-1407
Fleater, Top 1 28480 9220-1408
BOPTION QC1 — 208Vac Input
See Pages 6-5 through 6-12
SOPTION 002 — 230Vac Input
See Pages 6-6 through 6-12
§OPTION 003 — 460Vac {nput
Al Amplifier Board 1 28480 | 06444-60024
R90,91,110,111} fxd, met, oxide 43 b% 2W 4 Type C425 16299 0608-3614 1
A3 Control Beard 1 28480 5060-7919
Li-L3 Inductor 3 26480 5080-7156 1
R1-R3 fxd, met. oxide 100 B% 2W 3 Type C425 16299 0698-3620 1
Main Frame — Electrical
CR1-CR3 Diode, Si. 1000V 100A 2 28480 19011047 3
CR4-CR6 . SCR 1000V 65A 3 28480 1884-0083 3
F1-F3 ‘Fuse, 60A 600V 3 28480 2110:039 15
T4 Transformer, Power 1 28480 | 06464-80097 1
Rear Panel — Electrical
F7.8 Fuse, 0.6A, 60OV 2 28480 2110-0402 10
Frame — Mechanical
Fuse Block 1 28480 2110-0396 1

T+ NOTE: All resistors are in ohms unless otherwise indicated.

§ NOTE: These components are applicable to Options G017 and 602. Components will change for Options 003, 031, and
032, See applicable Option at rear of Table.

www.valuetronics.com
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REF. MFR.
DESIG. DESCRIPTIONt TQ MFR. PART NO. ODE HP PART NO RS
OPTION 023 — Rack Mounting Kit
Nut, Retalner 12 28480 0590-0789
Ear, Rack Mounting 2 28480 6020-8037
§OPTION 031 — 380Vac input
Al Amplitier Board 1 28480 | 06464-60025
R90,91,110,111 ! fxd, ww 39 B% 2W 4 Type BWH 07716 0811.2244 1
A3 Control Board 1 28480 5060-7936
L1-L3 Inductor 3 28480 5080-7 156 1
R1-R3 fxd, met., oxide 100 5% 2W 3 Type C425 16299 0698-3620 1
T1-T3 Transformer, Bias 3 28480 5080-7179 i
Main Frame — Electrical
CR1-CR3 Diode, Si, 1000V 100A 3 28480 1901.1047 3
CR4-~CR6 SCP 1000V 65A 3 28480 1884-0083 o
F1—-F3 Fuse, G0A 600V 3 28480 2110-0391 16
T4 Tronsformer, Power 1 28480 | 06464.80096 ]
16 Transformer, Fan 1 28480 5080-7178 1
Rer Panel -- Electiical
F7.8 Fuse, 0.6A 50OV 2 28480 2110-0402 10
Frame - Mechanical
Fuse Block 1 28480 2110-03496 1

SOPTION 032 — 400Vac Input
Same as Option 03t Above

+ NOTE: Al resistors are in chms unless otherwise indicated,

www.valuetronics.com__
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REF. MFR.
DESIG. DESCRIPTION? TQ | MFR.PART NO. CODE HP PART NO, RS
A3 Control Board 1 28480 6060-7936
L1~L3 Inductor 3 28480 6080-7166 ]
R1~R3 fxd, met. oxide 100 5% 2W 3 Type C425 16299 0698-3620 1
T1-T3 Transformer, Bias 3 28480 6080-7179 1
Main Frame ~ Electrical
CR1-CR3 Diode, S5i. 1000V 100A 3 28480 18011047 3
CR4-'CRE SCR 1000V 65A 3 28480 | 18840033 | 3
F1-F3 Fuse 60A GOOV 3 28480 2110-03N 16
T4 Transformer, Power 1 28480 | 06483-80096 1
T6 Transformer, Fan 1 28480 60B0-7178 1
Rear Panel — Electrical
F7.8 Fuse 0,6A b0OOV 2 28480 2110-0402 10
Frame — Mechanical
Fuse Block 1 28480 2110-0396 1

§OPTION 032 — 400Vac Input

Same as Option 031 Above

www.valuetronics.com
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SECTION VII
CIRCUIT DIAGRAMS AND COMPONENT LOCATION DIAGRAMS

This section contains the circuit diagroms necessary for the b. Firing circuit waveforms (Figure 7.6}, showing the
operation and maintenance of this power supply. Included wavefarms found at various points in the firing circuit,
are: c. Schematic diagram (Figure 7-7), itlustrating the cir

a. Companent lecation photographs (Figures 7-1 cuitry far the entire power supply. Voltages are given adja-
through 7-6), showling the physical location and reference cent to test points, which are identified by encircled num-
designatars of parts mounted on the printed circuil boards bers on the schematic,
and chassls.

7-1
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Figura 7-3. A3 Control Board, Component Location
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NOTE: FINNED HEAT SINK USED
ON LOWER VOLTAGE
MODELS, BUT DIODES

ARE IDENTICALLY
POSI MIONED.

| NOTE: BUS BARS ARE MOUNTED
DIFFERENTLY ON LOWER
VOLIAGE MODELS.

QUTPUT CAPACITORS
{LOCATED ON OTHER SIDE)

NOTE: THIS PHOTO APPLIES DIRECTLY YO THE HIGHER VOLTAGE MODELS

OF THE SCR~-10 SERIES. FOR LOWER VOLTAGE MODELS (6464C, 6466C

ARD 6469C) COMPONENT LOCATIONS ARE IDENTICAL, BUT THE
PHYSICAL APPEARANCE OF THE UNIT VARIES SLIGHTLY.

Figure 7-4. Chassis, Side View, Component Location
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MEASUREMENT CONDITIONS [

1. ALL MEASUREMENTS REFERENCED TO CIRCULT COMMON (TERMINAL AT) UNLESS OTHERWISE
INDICATED,

2. AMPLITUDES ARE TYPICAL $10% l
3 QSCILLOSCOPE DC COUPLED, HORIZONTAL PERIOD 1S 2 MILLISECONDS/CM

4. WAVEFORMS TAKEN WITH LOCP OPEN AND NO LOAD CONNECTED EXCEPT FOR BOTTQM
TWQ WAVEFQRMS

TP22, 23, OR 24 TP22, 23, OR 24
(21,02, OR Q3 OFF} . {01, 02, OR @3 ON)

FIRING
POINT

~12.4v—
FIRING
POINT

TP25, 26, OR 27 TP25,26,0R 27
{0), 02, OR 3 OFF) {Q1, 42, OR Q3 ON)

TP22,R3, OR 24 . TP26,26 OR 27
CLOSED LJOP,'FULL LOAD CLOSED LOOP, FULL LOAD

Figure 7-6. Firing Circuit Waveforms
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Figure 7-7. Model 6464C, Schematic Diagram
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MANUAL CHANGES

Mod .l 6464C BC Power Supply
Manual HP Part No. 06464-80002

Make all corrections in the manual according to errata below, then check the following table for your power supply serial
number and enter any listed changels) in the manual,

: SERIAL MAKE

Prefix Numbher CHANGES
. Al | : ‘Errata

112BA 0102 1
1126A 0103-0105 1,2
1126A 01J6-0125 1,23
1126A 0126-0167 1,2,3,4
1621A 01680172 1thru b
1621A | 0173-0229 1thru 6
16214 | 92300429 1thru 7

b 23292 | 0430-up 1 thru 8

ERRATA:

Title page: Change serial number from ""1F0101" to
1126A-0101. !

Page 6-10: Change description for CR4-6 to "Thyristar,
BOGV, 65A.” ,

Figure 7-7: Change NOTE 16{0} to "Voltage referenced
to C unless otherwise notad.!”

Appendix A: Delete Pages A-1, and A-2 from manual.

- Option 008 is not applicable to Model 6464C.

In the replaceable parts table, make the following changes:
Under Amplifier Board A1, .
R48B: Change R48 to HP Part No. 2100-1774.
R127: Change R127 to 12K 1% (nominat) 1/8W,
HP Part No. 0698-5088.
Under Main Frame — Electrical,
TC1: Change TC1 to an optional part
"TCt§" and add under Option 003, TC1, HP
Part No, 3103-0014,

CHANGE 1:

,In the replaceable parts table and on the schematic as appli-

cable, make the following changes;
Under Amplifier Board A%: Change A1R127 to 27.4K,
1/8W, HP Part No. 0757-0452.
Under Control Board A3: Change A3T10 and A3T11
to HP Part No. 6080-7187,
Under Main Frame — Electrical:

- €18: Add C18, .02uF, 2KV, HP Part No, 0160-2569.

www.valuetronics.com

On the schemaic €18 is connected between the - QUT buss
and the chassls,
Under Firing Circuits Board A2;

A2C33: Add A2C33, 510pf, HP Part No. 0140-0047.
On the Crowbar Schematic, A2C33 is connected between
the » QUT buss and the base of Q10.

On Page 6-12, add the following changes for Gption 005,
6QHz operation:

§OPTION 006 —~ BOHz Input

A1R91 and A1R111: AIR91 and A1R111 are deleted
and jumpers installed.

A1R127: Change A1R127 to 40.2K, 1/4W, HP Part
Ne. 0698-3210,

’ CHANGE 2:

In the replaceable parts table and on the schematic as
applicable, make the following changes:
Under Amplifier Board A1,
AI1C2: Delete A1C2 and add a fjumper.
A1R12: Change A1R12 to B.2KS2 £6%, 1/2W, HP
Part No. 0686-8226,
A1RB2: Change A1R62 to 20052 £5%, 1/2W, HP
Part No, 0686-2015,

A1CR21: Delgte ATCR21.,
CHAMGE 3:

In the replaceable parts table under Main Frame - 'Elec:rical

and on the schematic, add C19, 8uF, 370WVac, HP Part No.

0160-4022. C19 is mounted across fan B1. '
CHANGE 4:

In parts list, under Mechanical, change the HP Part No. of
heat sink (SCR, CR1-CR6) to 6020-8450, qty. 3.

In parts list, under Options_003 and 031, change HP Part
No. of CR4-CR6 to 1884.0226.

In the parts list, under Main Frame — Electrical, change HP
Part No. of CA4-CRS to 1884-0226.

ERRATA:

In parts list, under Mechanica!, change the HP Part No. of



Manual Changes/Madei 6464C . and T input lines to the Tb primary windings, are also {ocated
Manual HP Part No. 06464-80002 on the rear panel.

Page -2- .
In paragraphs 4-1B and 4-24, change 40% to 140%.
the cable clamp to 0100-0437. |
in Figure 2-5, connect programming resistor hetween term-
inals A4 and A6 as shown beiow. Programming resistor
should ngt be cannected to terminal A8,

A4ABARAIL  ADASASATAE AS AM +45-5~ A A2AI A0

On page 3-4, change title of Figure 3.4 to read: "Remote
Voltage Programming, Constant Voltage, Unity Gain.”

In the parts list under Main Frame — Electrical, changs R6-

RS tu .0009 ochms HP Part No. 5080-7159. PROGRAMMING
. " RESISTOR

| ERRATA: +8US -BUs
Add the following at the end of paragraph 2-17: Fuses Ft,
F2, and F3 {70A each), in the phase A, B, and C lines
respectively, are [ocated inside the unit behind the rear R
panel, Fuses F4, F5, and F6 {300mA each), connected in
the reference supply power input circuit, are located on the Figure 3-6. Remote Resistance Programming,
rear parel, Fuses F7 and FB (1.6A each), in the phase B Constant Current

i
f

‘The standard colors for this instrument are now mint gray (for front panel) and olive gray {for all other
external siurfaces). Option X95 designates use of the former color scheme of light gray and blue gray.
" Option A85 designite: use of a light gray front panel with olive gray used for all ader external surfaces. :
New part numbers are shown below: }
- r

i

i b | HP PART NO. ;
DESCRIPTION STANDARD ~OPTION ABS OPTION X985
Front Panel Assembly 06464-60004 B *—
Front Panel Lettared 06464-60013 06464-60005 B —
Cover, Top £000-9417 -—— B000-6292
Cover, Side {(2) 5000-0418 e ——— 5000-6293
Bottom, Front Pane! 5Q00-9447 5000-6294 e
Cover, Output Bushar 5000-8467 6000-6300 -
Cover, Barrier Strip 5000-9457 - 5600-9320
Bottom, Rear Panel F : 5000-9466 5000-6295 s
Panel, Rear B5000-9464 5000-6282 -—————
" Mounting Plate 5000-9465 - b000-6284_ - ———
Pan, Bottom, Left 5000-9480 . -———— 50006290
Bracket, Heat Sink . 5000-9477 s 5000-6287
Bracket, Heat Sink 5000-9477 ’ -——— 5000-6288
Paost, Corner Frame (2) 8020-8446 - 5020-8021
Bar, Frame (2} . 5020-8448 -———— 5020-8022
Tray, Capacitor 5000-9453 -—— 5000-6286
Cover, Capacitor Tray 6000-9454  —— 5000-6286
" Tray 5000-9479 | ——— 5000-6289
Ear, Rack Maunting {2}, Option 23 5020-8062 . -5020-8037 B —
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Manual Changes/Model 6464C
Manual HP Part No. 06464-90002
Page-3-

ERRATA:

In the replaceable parts takle, change the HP Part No. of
pilot lamp DS1 to 1460-0666. The new pllot lamp is more
reliable because of its leads being ciimped instead of

i spot welded.

Add the followtag . ihe "ﬁrdering Additional Manuais"
paragraph in Section It fective December 1975, extra

i manuals may be obtainad by specifying Option 810 den

ordering your instrument.) The number of extra manyals
depends upon the quantity of Option 810's ardared,”

Insert the following CAUTION notice after paragraph 3-46
{Auto-Parallel Operation).

CAUTION

Ensure that the resistances of the load
leads/connections for each supply are equal,

Make the following carrections to paragraph 6-46: Change
the first sentence of step {f) tc ""Voltage should read 2 to 4

" volts with VOLTAGE contrals fully ccw,” Change the first

sentence of step {h} to ""Voltage should read 5to 9 valts
with. VOLTAGE contrals fully ew.””

Ore of two types of coaling fans is installed in this supply,
HP Part No, 3160-0240 or 3160-0286. The capacitor (C19)
to be used with the fan depends an which fan is installed.
With fan 3160-0240, use BuF, 370Vrms capacitor, HP Part
No. 0160-4122, With fan 3160-0285, use 6uF, 370Vrms
capacitor, HP Part No. 0160-0685, .

On page 6-11, intarchange the descriptians of the rectifier
heatsinks for CR10 and CR12, The heatsink for CR101s
5020-8016, and the one fcr CR12 is 5020-8013.

CHANGE 5:
On page 610 under Main Frame — Electrical, change the

HP Part No, for, CR7-12 to 1901-0779.
On page 6-11, the rectifier heatsink at the front right of the

supply that was formerly part number 5020-8013 has been -

changed to part number 06464-20018, The three 06464-
20018 rectifier spacers have been changed to part number
06464-20017, :

CHANGE 6:

in Option 031 {380Vac) and Option 032 {400Vac)
instruments, fan transformer T5 has been changed 19 a new
type and its fuses, F7 and F8, have been changed in rating.
Thit new part number for T6 is 5080-1874. F7 and F8 are
now 1 amp, 500V, time delay fuses. FNQ-1, HP Part No.

21 10-0558.

ERRATA:

On page 6-7 of the parts list, change the HP Part No, of
resistor ATR141 to 2100-1772, The resistor has not been
changed; Just its part number has.

In paragraph 5-83 on page §-13, the figures in the Resistar
Valuu column of step (c) are all incorrect. The proper
resistar value for programmiilg full rated cutput currant In

all of the listed madels (6464C through 64B3C) is 1000 chms,

Add to paragraph 2-12 tha statement that four eyebalts a, 2
provided that can be attached to the top of the unit if a hoist
must be used to lift [t. On page 6-11, change the quantity of
eyebolts to four, Add to paragragn 1-10, the statement that
the standard supply (ordared with or without accessory casters)
includes four adjustable screw-in feet {HP Part No. 19099-
60860},

CHANGE 7:

In replaceable parts table, A3 Control Board, replace current
transformer T10,11, with HP Part No, 5080-1911,

ERRATA:
Change variable resistar ATR102 to 20K82,1/2W,HP Part
No. 2100-0658.

On page 6-9, change HP Part No. of DS2 to 1460-0591
and change HP P?rt No. of DS3 to 1450-0590.

| 4 '~ CHANGE 8:
In the parts list, on page 6-5, change
CR58 to HP P/N 1884-0302.
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