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FIG. 1-1 KEPCO FULL-RACK JOE POWER
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FIG. 1-2 KEPCO FULL-RACK JOQE POWER
SUPPLY, REAR VIEW {TYPICAL)}

- iy - JQE FULL/E1-69



SECTION | — INTRODUCTION

1-1 SCOPE OF MANUAL

1-2  This manual contains instructions for the installation, operagtion and maintenance of the Kepeo JQE
UEULL-RACK' Series of Power Supplies.

13 GENERAL DESCRIPTION

1-4  Kepco Series JOE Power Supplies are general purpose, precision regulated  voltage sources in the
"FULL-RACK'" configuration. JQE Power Supplies feature full range voltage controt and current fimit
adjustment by means of multi-turn front panel controls. Dual range meters monitor output voltage and load
current. JOE Power Supplies have linear, fuli-dissipation series-regulators {NPN} driven by an integrated circuit
operational amplifier. A sharp current-timit circuit renders the power supply completely short-circuit proof.
JOQE Power Supplies may be readily converted to provide constant current by the addition of an external
sensing resistor and a “‘current controi’’. The cutput of the JQE Power Supply is completely programmable.
All necessary connections are available on terminals at the rear barrier-strip.

1-6  The compact design of the Kepco JOE "FULL-RACK" Series was made possible by a unique heatsink design
of exceptionai efficiency in combination with highly relighle tow-noise fans. JOE Power Supplies feature
all-silicon design with conservatively rated components for added reliablity.

1-6  JOE Power Supplies are identical in their mechanical dimensions {(Refer to FIG, 1-3, "Machanical Qutline
Drawing’'} and in their electrical specifications, except as noted in TABLE 1-1,

17  OPTIONS. Optional features of Kepco Power Supplies are indicated by a letter following the model
designation:

aj JOE Power Supplies with suffix "E™ are equipped with an “"Eg Null”' adjustment, which allows exact
zero calibration for precision programming applications.

b} JGE Power Supplies with suffix "HS" are optimized for high speed programming. For these models, &
special addendum containing all supplementary specifications is provided in the appendix cof the
marnual. The "Ejs Null” ("'E'"} option is automatically included with the "HS" option.

c} JOE Power Supplies with suffix ‘M’ are equipped with two dual range panel metars which permit
simultaneous monitoring of the output voitage and output current. Meter range-switches allow for full
scate reading of either 10% or 100% of the voltage and current cutputs,

ci JQE Power Supplies with suffix """ have special references which improve the temperature coeffiecient
of the supply {See paragraph 1-11 for specifications;,

) JQE Power Supplies with suffix "VP” are equipped with an overvoltage protector. This electrical
"crowbar” shorts the output through a siticon controlled rectitier {SCR) if the output voltage excesds a
preadjustable limit on the protector (See paragraph 1-12 for specifications).

1-8  The main chassis frame of the power supply is constructed from cold-rolied steel, as is the perforated
wragp-around cover, Front panet material is aluminum {Refer to FIG. 1-3 for finish}.

19  ACCESSORIES _
a} Mounting Brackets for rack-installation {supptlied, see FIG. 2-b for installation instruction).

1-16 SPEGIFICATIONS, GENERAL

al AC INPUT: 105 to 125V AC or 210 to 250V AC {selectable, refer to SECTION i1}, B0 to 65 Hz,*
single phase. Refer to the table of general specifications (TABLE 1-1} for the AC input current for each
model.

k) OPERATING TEMPERATURE RANGE: (—)20°C to {+)71°C {without derating of the output).

¢} STORAGE TEMPERATURE: —50°C to (+)85°C.

d} COOLING: High efficiency, single bearing fans, {(permanently lubricated} with special low noise
non-metal blade. ‘

el ISOLATION: A maximum of 500 volts {DC or p-p) can be connected between chassis and either output
terminal.

*Consult factory for operation above 6b Hz.

JQE FULL/11-69 1-1



111 SPECIFICATIONS ELECTRICAL
a} Refer to TABLE 1-1 and 1-2.

APPROXIMATE 1
DC OUTPUT RANGE QUTPUT IMPEDANCE MAXIMUM AC
MODEL {OHMS +HH) INPUT CURRENT

VOLTS | AMPERES | DC—100 Hz | 0.1—1 kHz | 1 kHz—100 kHz | Amps @ 125V AC

JOE 6--90{M) 0--6 0-90 | 35 x107° 0.001 0,005 + 1 15.7

JOE 15-50iM) | 0-15 050 1158 X10°° 0.001 0.005 + 1 16.6

JOE 25-40iM} | 0-25 0—40 [310 x10” 0.001 0.005 + 0.5 210

Jog 36-30iM) | 0-36 0-30 |700 X10°° 0.001 0.00% +0.5 19.0

JQE B5-20(M) | 0-58 0-20 1.38 X 1074 0.01 002 +1 18.6

JOE 75-16{M) | 0-75 015 250 X 107* 0.005 001 +1 18.0

JOE 100-10(M) | 0-100 0-10 62 xi0* 0.005 0.02 +1 170 .

JQE 150-7(M} | 0-150 0--7 1.1 x107° 0.01 005 +2 18.0

MNOTE: Specifications for unmetered models {without suffix M} are identical,

TABLE 1-1  DC OUTPUT AND AC INPUT SPECIFICATIONS.

NOTE: With the introducton of the 1870 Catalog (8-703), Kepeo has adopted new tachiical terms roconunended
by the international Etectrotechnical Commission (IECH Toese terns roplace or supulement previously used
expressions, mainfy 19 aveid difficulies in transiation and provent errencows inerpretations at home and
abiroad,

As a beginning, Kepco will discontinue the use of he specifications entitled “Line Regelation” and ' Load
Requiation’ becaus: of the jong standing {and miskeading} connotation that a power supply regulates the
ling or the ioad. Instead, Kepeo will follow the recommendation of the 1EC and speak of the "Ouiput
Effects, caused by changes in the Influence Quantities.” The "'Owiput Bffects” are specified as before, either
as & percentage change referred 10 the maximum specified output voitage [Eq1 or current (lg) or as an
absolute change {AEqg, Alg) directly In millivolts or milliamperes or both. The “influence Quantitios™ are
the “Source Variations” {formerly a-c line variationst, the changes in load, termperature oOr time as
previously specifiad. The itlustration befow will clarify the use of the new terminaiogy.

INFLUENCE QUANYITIES

1 SOURCE VARIATIONS

2) LOAD VARIATIONS
A€ INPUT SOURCE 3 TEMPERATURE VARIATIONS
(Formarly A-C LINE) 4} TIME VARIATIONS

POWER SUPPLY
LOAD
UNDER TEST
o 08T,
i
A
r OUTPUT EFFECTS: {bEq, Hob h

1} DUE TO SOURCE VARIATIONS (Formerly LINE REGULATION]
2} DUE TO LOAD VARIATIONS {Formerly LOAD REGULATION}
3} DUE TO TEMPERATURE {COEFFICIENT, NO CHANGE}
43 BUE TO TIME {Formerly STABHLITY)

b} VOLTAGE RECOVERY TIME: {for step load current}, < 50 usec.

c) OVERSHOOT: No output voltage overshoot from turn-on, turn-off, or power failure for output
settings above 25% of maximum rated output voltage. Below 2B% output voitage overshoot is a
function of load current and is negligible for ioads in excess of 10% of the maximum rated load current,

1-2 JOQE—F UL L/22.70



VOLTAGE AMPILIFIER | VOLTAGE
OUTPUT EFFECTS CUTPUT EFFECTS OFFGETG e
SPECIFICATION VOLTAGE CURRENT V%T_f:;ﬁ {:CL};:RSEJY (F::t:EnF:i?i%
MGDE MODE=*+* At Ao
OUTPUT RANGE: 0—100% E5 max. 1 rmd—T00% {5 max, Fixed 6.2V £5%
SOQURCE: 105-125/210-250V a-¢ <D.0005% <0.005% <10 v <2 nA 0.0001%
LOAD: No load — full toad <B.005% or 0.2 my® <N.01% <200 pv <BnA i
TIME: 8-hours (drift} <001% or 1 mv* <0.02 <20 pv <2 nA 0.005%
TEMPERATURE: Per °0 <B01%** <p.ozr <H0 @y <5 nd 0.006%
RIPPLE: (rms) <0.2my <0.02% of ty max.
FNOTE: Whichever is greater,
*MNOTE: Miodels with suffix T have 0.005% and 0.01% per °C Temperature Coafficients in the Voliage and Current Mode
raspectively.
**ENOTE: Current Mode Quiput Effects (M) are measured across the external sensing resistor. This resistor must be 2 high

quality, wirewound unit, with & wattage at least 10 times the actus! power dissipated, have a Temperature Coefficient
of 20 paris per million or better and drop 2 sample voltege of 1.0 volt at the measuring current. A resistor built as a
4-terminal network is recommended. Current control is exercised with an external 20 PPM feedback resistor.

*#=*Offsets and the reference contribute to cutput effect N, by the equation AEg = TAF o (R/Ry) TAE, {1 + Ri/Rj) £ijp (Rp)
where Ry is the feedback resistor and Ry is the input resistor from the signal reference. Use the offsets to calculate output effects
when external input/feedback elements are substituted for the internat reference and voltage control in special applications.

TABLE 1-2 ELECTRICAL SPECIFICATIONS
1-12 SPECIFICATIONS, PERFORMANCE

al VOLTAGE CONTROL*: 10 turn precision rheostat at the front panef, resolution: 0.05% of £4 max.
Controls the output vehtage from zero 10 Eg max.

b} CURRENT LIMIT CONTROL®: 10 turn vernier control at the front panel permits adjustment of the
current limit from 10% to 105% of the maximum raled ouiput current {1y).

cl REMOTE ERROR SENSING: Rear barrier-strip terminals provide for connection of the error sensing
ieads directly at the toad, thus compensating for losses due to ioad current voltage drops. Up to 0.6Y
per output lead can be compensated.

d) REMOTE PROGRAMMING: Rear barrier terminals provide for remote control of the power supply by
resistance (control loop uses 1 mA with a Programming Ratic of 1000 ohms per volt), or by exiernal
control voltage,

e} SERIES/PARALLEL: Series operation of JOE Power Supplies is possible up to the rated isolation
voitage. Parallel operation using “Automatic Parallel” or "Slave-Master” paraliel connections may be
performed.

) OVERVOLTAGE PROTECTOR (MODELS WITH SUFFIX "VP"}

Etectronic "Crowbar” circuit shorts the output through a silicon controlied rectifier (SCR) as soon as

the power supply cutput voliage reaches a preset limit on the "VP' device. The over-voltage protecter

device {VP] has the following spacifications:

1) BANGE: 3V BC — 175V DC {adjustable).

2) TRIGGERING TIME: b to 10 microseconds, adjustable by means of a delay-control,

3) THRESHOLD: Overvoltage device may be set 1o within 5% or 0.25 volis of the power supply's
output voltage (whichever is greater).

*Knob controfted on all metered models (suffix "M, focking type screw-driver controls on unmetared models.

1-13 SPECIFICATIONS, PHVYSICAL

al DIMENSIONS: Refer 1o “Mechanical Outline Drawing” (FIG 1-3).

b TERMINATIONS: Refer to "Mechanical Qutline Drawing” (FIG. 1-3) and Section [ of this manual.

) FINISH:

1} CHASSIS: cadmium piated, cronak wash,
2} PANEL {on models with suffix "M’ oniy): Light gray, Colar #26440, Federal Standard B9%,
3} CASE: Charcoal gray texture.

d} METERS {on modetwith suffix "M only): Two dual range {100% and 10% of Ep max, and 1 max }, 2
inch recessed panel meters, accuracy 3% of full scale reading, for output voltage and output current
MCitoring.

e} MOUNTING: Refer to “Mechanical Qutline Drawing” (FI1G. 1-3). Four {4) aluminum feet are provided
for bench operation of the supply. Feet are removable for rack-mounting. Adaptor brackets for
mounting the supply into a standard {19 inch} rack are supplisd. Refer to0 FIG 2.5 for instaliation
instructions.

JQAE—FULL/22-70
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SECTION Hl — INSTALLATION

21 UNPACKING AND INSPECTION

2-2  This instrument has been thoroughly inspected and tested prior to packing and is ready for operation. After
careful unpacking, inspect for shipping damage before attempting to operate. Perform the preliminary
operational check as outlined in paragraph 2-8 below. if any indication of damage is found, file ar immediate
ciaim with the responsible transport service.

23 TERMINATIONS
a) © FRONT PANEL: Refer to FIG, 2-3 and TABLE 2-2,
b} REAR: Refer to FIG, 2-4 and TABLE 2-3.
¢l INTERNAL ADJUSTMENTS AND CALIBRATIONS: Refer to FIG. 2-1 and TABLE 2-1.

REFERENCE CONTROL PURPOSE ADJUSTMENT
DESIGNATION ) PROCEDURE

C403*> Delay Adjust Adjust Delay Time of VP

R4 I Adjust Control Current Calibration par. 3-16
R14*** Ejp Null Adjust Cutput Voltage Precision zero par. 3-16
R16* Lag Adjust AL Stability adjustment par. 5-7
R19 1o Max. Adiust Current Limit Controi Calibration " par. 56
R26**** Ammeter Zero Adj. | Set Ammeter "‘Zero”’ par. 4-6
R36* Lag Adjust AC Stability Adjustment par. 5-7
RAT4** Overvoltage Level Adjusts Protector Threshold ' par. 3-6

: Adjust {FINE}
R415** Overvoltage |evel Adjusts Protector Threshold par. 3-6
Adjust {COARSE)
*Not used on all models. ***Uised on models with suffix “E” only.
**Used on models with suffix "VP" only. ****Used on Modet JOE 6-30M only.

TABLE 2-1 INTERNAL ADJUSTMENTS AND CALIBRATION

CA03
DELAY ADy.

RA14
VLIMIT(FINE)

R4IS _/ \ S—ris
VLIMIYICOARSE) {:: ADG R36 LIo MAR. ADG}
’ LAG #E )
RIG REGAMMETER  \_ £210 (MODELS WITH SUFFIX
Ay — LAG # 2 “CEg  "HS" ONLY)

REG {£1o ADLY
NOTE: All adiustments accessible through top of wrap-around cover,

FIG. 2-1 LOCATION OF INTERNAL ADJUSTMENTS

JQE FULL/11-69 ' 2-1



2.8
27

Z8

2-2

AC INPUT RECQUIREMENTS

This power supply is normaily supplied for operation on & single phase, nominal 118V AC line. For conversion
to 230V AC line operation, refer to FIG. 2-2, Remove the two links between transformer ternimails {1}-{2}
and {3}-{4). Reconnect one (1} link between terminals {2) and {3). DO NOT CHANGE ANY OTHER WIRING
ON THE TRANSFORMER.

FULL RACK SERIES
{PARTIAL TOP VIEW)

T2

ONE JUMPER LINK(2-3)
FOR 230V AC LINE

TWO JUMPER LINKS
{i-2) AND (34}
FOR 115V AC LINE

" FiG. 2-2 CONVERSION TO 230V AC NOMINAL LINE OPERATION

COOLING

The power transmors and rectifiers in this power supply are maintained wathm %helr operating temperature
range by means. of high effiency heat-sink assemblies, cooled by internal fans, SIDE PANEL OPENINGS AND
THE TOP OF THE CASE MUST BE KEPT CLEAR FROM OBSTRUCTIONS TO INSURE PROPER AIR
CIRCULATION. Periodic cleaning of the interior of the power supply is recommended, 1t the power 3upply is
rack mounted, or installed into confined spaces, care must be taken that the ambient temperature does not
rise above the limit specified (71°C),

PRELIMINARY CHECK-OUT

A simple operating check after unpacking and before permanent installation is advisable, to ascertain whether

the power supply has suffered damage resulting from shipment. Please refer to FIG. 2-3 for the location of the

operating controls and output terminals. ' o

a) Connect power supply to 118V AC line or refer to paragraph 24 for 230V AC operation if reguired.

b} H power supply is unmetered, connect a suitable DC voltmeter o the output terminals,

c) Turn CURRENT LIMIT CONTROL fully clockwise. Tum. VOLTAGE CONTROL fully
counterclockwiss. Turn V-LIMIT fully clockwise,

d} Turn AC POWER SWETCH “on”. The AC PILOT LIGHT {metered models only) should be energized.
Slowly turn VOLTAGE CONTROL clockwise and observe the gradual increase of the output voltage.
Turn counterclockwise again,

JGE FULL/11-69



e} (MCDELS WITH SUFFEX VP ONLY). Adjust output vohtage to approximately 1/4 of its maximum
rated vatue. Tum V-LIMAT controf slowly counterclockwise, until output voltage goes suddenlty to zero
and the AC POWER SWITCH/CIRCUIT BREAKER trips. Leave AC power "off”.

¢ CAUTION 3

CONNECT SHORT CIRCUIT {OR LCAD} TO THE HEAVY DUTY OUTPUT TERMINALS,
NOT TO THE BARRIER-STRIP TERMINALS. BARRIER-STRIP TERMINALS ARE FOR
VOLTAGE MONITORING AND PROGRAMMING CONNECTIONS ONLY.

f} {MODELS WITH FRONT PANEL METERS ONLY}
Place & short circuit across the output. Turn CURRENT LIMIT CONTROL counterclockwise, Turn AC
POWER SWITCH/CIRCIUIT BREAKER "on”. Slowly turn CURRENT LIMIT CONTROL clockwise
and ohserve the gradual increase in output current on the panet AMMETER. The output current should
smoothly increase from below 10% to 105% of the maximum rated output current, as the CURRENT
LIMIT CONTROL is varied between its imits. Turn AC power "off”, This concludes the preliminary
check-out.

a) (MODELS WITHOUT METERSY
Place a short circuit, consisting of a suitable ammeter, across the output terminals of the unit. Tum
CURRENT LIMIT CONTROL fully counterclockwise. Turmn AC POWER SWITCH/CIRCUIT
BREAKER “on”. Slowly turn CURRENT LIMIT CONTROL dockwise, observing the ammeter scale.
The output current should smoothly vary from below 10% to 105% of maximum rated output current
as the CURRENT LIMIT CONTROL is adjusted from its maximum counterclockwise position. Turn
AC power “off”. This concludes the preliminary check-out,

2-10 INSTALLATION

2-11 a) {(METERED MODELS)
The JOE Powsr Supply may be used as a bench operated instrument or, with the assistance of the
mounting brackets,it may be installed in any standard 19 inch rack. Please refer to paragraph 2-6
("COOLING") if the supply is mounted into a mutltiple rack installation. Instructions for rack
instailation are provided {See FIG. 2-5).
b} {(UNMETERED MODELS)

The JOE Power Supply is designed for chassis mounting directly into existing installations, For
mounting hole dimensions and lay-out see FIG. 1-3 {"Mechanical Outline Drawing”}. H the unit must
be mounted into confined spaces, refer to parapraph 2-6 [""COOLING".

212 GROUNDING

al AC GROUND. The power supply is equipped with a 3-wire safety line cord and polarized plug.” The
third (green} wire in the fine cord is connected to the chassis and the case of the unit, if a Two terminal
AC power receptacle in combination with an adaptor is used, it is imperative that the chassis of the
power supply be returned to AC ground with a separate lead.

b} DC GROUND. The DC output is isolated from the AC power line and from any direct connection to
chassis or ground.** The maximum voltage that can be supported between either output tarminaj and
ground or chassis is 500V (DC or p-p} plus the maximum output voltage of the power supply. For
lowest output ripple and noise the grounding of one side of the cutput is recommended.

*Metered models only {suffix "M"), Unmetered models have a three (3} terminal barrier-strip for AC input.
Terminal “"G” on the barrier-strip is connected to chassis and case. :

®* A capacitor-resistor network {C5, R25) is connected from the negative (-} output terminal to chassis. 1T the

output is 10 be grounded elsewhere, this internal ground can be opened by removing C5 from the amplifier beard
{A1, FIG. 62

JQE FULL/11-69 23



O

oN

OFF

VOLTAGE T LIMIT

2} UMMETERED MODELS

P

i

@ @ o = &
oFF v
@ @ =
| POWER VOLTASE
© Q

®

b} METERED MODELS

®
@ O

FIG. 2-3 FRONT PANEL CONTROLS AND TERMINATIONS

'

CONTROL OR

NO. TERMINATION FUNCTION

1 AC POWER SWITCH/ TURNS AC POWER LINE, “ON" OR “OFF "~ AND PROTECTS
CIRCUIT BREAKER POWE R SUPPLY INPUT CIRCUITRY

2 | VOLTAGE CONTROL ADJUSTS OUTPUT VOLTAGE FROM ZERO TO Eg max.

3 | CURRENT LIMIT CONTROL | ADJUSTS CURRENT LIMIT FROM 0—106% lg max.

4 | VOLTMETER MON{TORS OUTPUT VOLTAGE, 0—Eq max.

5 AMMETER MONITORS QUTPUT CURRENT o—1g max.

6 | ACPILOT LIGHT ENERGIZES WHEN AC POWER IS “ON”

7 | METER RANGE SWITCH MAY BE SET TO FULL SCALE READING OF MAXIMUM OR
AMPE RE 1/10 OUTPUT

8 | METER RANGE SWITCH MAY BE SET TO FULL SCALE BEADING OF MAXIMUM OR
VOLTS 1110 OUTPUT

24

TABLE 2-2 CONTROLS AND TERMINATIONS, FULL—-RACK JOQE MODELS, FRONT
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VENTILATED AREA : VENTILATED AREA
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3) Madeis with iy max. < 25A DC @
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VENTILATED AREA o | VENTILATED AREA
I KEEP CLEAR 2 % ‘ | KEEP CLEAR !
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O 0OY O __ O
k) Models with 1o max. >> 264 DC @ @
FIG. 2-4 REAR TERMINATIONS, FULL-RACK MODELS
NG, TERMINATION FUNCTION

1 {-—) QUTPUT

NEGATIVE LOAD TERMINAL WITH GROUNDING POST*

2 {(+} QUTPUT

POSITIVE LOAD TERMINAL WITH GROUNDING POST*

3 REAR BARRIER STRIP

PROGRAMMING AND MONITOR TERMINALS:
{1} (+) QUTPUT MONITOR

{2} (+) ERROR SENSING

{3} () QUTPUT MONITOR

{4} (-) ERROR SENSING

{5) INTERNAL VOLTAGE CONTROL

{6} NULL JUNCTION (AMPLIFIER INPUT)
{7} REFERENCE RESISTOR

{8) REFERENCE VOLTAGE

{9) REFERENCE RESISTOR

4 CHASSIS CONNECTION

FLOATING GROUND LEAD TO GROUND
EITHER {+} OR {~} CUTPUT VIA GROUND POST*

5 AC INPUT

3 WIRE SAFETY LINE CORD{METERED MODELS)OR INPUT BARRIER STRIP

*Models with 1, max. > 254 DC anly,

TABLE 2-3 REAR TERMINATIONS, FULL-RACK MCDELS
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RACK MOUNTING ACCESSORIES, PARTS LIST

iTEM DESCRIPTION Qry,
1 FRONT ANGLE LEFT b
2 FRONT ANGLE RIGHT 1
3 FILLER BRACKET 2
4 SLIDES: 116 QD 5
JONATHAN SERIES
& 10-32 SCR BDG. HD. 10
& 1032 FLATHEAD 82° &

2-6

NOTE: ITEM (4] NOT SUPPLIED,

N
2)

3}

4)

INSTRUCTIONS FOR SLIDE INSTALLATION

ftems 1, 2, 3 are installed at the factory.

e 3 (filler bracket) is predrilled and tapped for Jonathan Slides,
Series 110 QD). Remove the three binding head screws on each side
of 1tem 3. (These screws are part of item §.)

Line up slide with filler bracket and reinsert the binding head
screws through the appropriate mounting holes in the slide.

If Jonathan Stide 110 QD--24--1 is used, an additional hole must
he drilled into the shde. See FIG. 1-3 for further information.

FIG. 2-5 RACK INSTALLATION, "FULL RACK” MODELS.

NOTE: If slide installation {as described above) is not desired, other means of supporting the unit in the rear must be
arovided {additional rear brackets oy a solid platform, for example} since the front angle brackets {items 1, 2) alone
are not sufficient to support the full weight of the unit,

C—J—FULL /1169



SECTION [ii — OPERATION

GENERAL. The Power Supply is shipped from the factory with five (5} removable jumper links in place at
the rear barrier strip {TB5BO1} as shown in FiG, 3-1. THESE LINKS MUST BE IN PLACE AND SECURED
TIGHTLY for standard local operation. Loose terminal finks or wires at the barrier strip will cause

£ OAD CONNECTION, The load may be connected in any of the two ways illustrated (FIG. 3-1,3-2). Load
connecting wires should be as heavy as practicable, since lcad wire voltage drops will degrade regulation
performance. Twisting of load wires will help 1o preserve the low output impedance of the power supply. To
keep the DC voltage drop in the load connecting wires 1o a minimum, and to preserve the dynamic
characteristics of the power supply (AC stability, output impedance and recovery time}, load wires and error
sensing leads should be as short and as large in diameter as practicable. Both lead pairs should preferably be
tightly twisted. For minimum ripple and noise pick-up, the error sensing leads raust be shielded. The shield, as
well as one side of the output {preferably the positive), should be returned to the common ground point

{ CAUTION 3

THE LOAD MUST BE CONNECTED TO THE HEAVY DUTY OUTPUT TERMINALS AT THE
REAR, NOT TO THE BARRIER STRIP. BARRIER STRIP TERMINALS ARE FOR
MONITORING AND PROGRAMMING PURPGSES ONLY.

31 STANDARD POWER SUPPLY OPERATION, LOCAL CONTROL
32
matfunction of the power supply.
33
{Refar 1o FIG, 3.2}
34 REMOTE ERROR SENSING
35

Specified regulation performance DIRECTLY AT THE LOAD requires the use of remote error sensing. A
twisted, shielded pair of wires from the sensing terminals directly to the load will compensate for load wire
voltage drops up to 0.5 volt per wire (Refer to F1G, 32), Observe polarities: The positive sensing wire [from
tarminal {21} goes to the positive toad wire,

REMOVE LINKS

TB50I TBEO!

HEAVY-DUTY REAR OUTPUT (+) HEAVY ~ DUTY REAR {inly] [ PP

QUTPUT TERMINALS MONITOR OUTPUT TERMINALS | @ I |mowrror
(+) SENSING (+}SENSING
{CoOMMON) (COMMON}
QUTPUT () OUTPUT {-)

MONITOR MONITOR

{~)SENSING {-~}SENSING

Rve Ryg

SO
T

NULL
JUNCTION

NULL
JUNCTION

\

e Ry

l

Er Er

FIG.3T LOAD CONNECTION
AND STANDARD JUMPER LINK
CONNECTIONS WITHOUT
ERROR SENSING

C JosfdFf20-H9

Ry

FIG. 3-2 LOAD CONNECTICN
USING REMOTE ERROR
SENSING

Ry

3-1



36 OUTPUT ADJUSTMENT {Hefer to FIG.'s 2-1 and 2.3 for the location of all controls)

37

aj

Onee the joad is connected fo the outnut terminals of the power supply as described in the previ'ous
paragraphs, the operating voltage may be adijusiad to the desired value by twrning the VOLTAGE
CONTROL and observing the panel VOLTMETER * The CURRENT LIMIT CONTROL may be set
fully clockwise, and will in this position provide over current protection at 105% of the maximum rated
output current. The CURRENT LIMIT CONTROL may afso be set to intermediate values, as desired,
by first turning the AC POWER SWITCH to the "off” position and then placing a short circuit across
the output. Turn AC tine "on™. Now the required operating current is adjusted by turning the
CURRENT LIMIT CONTROL to the value needed plus# 2%, The cutput current will now limit
sharply at this value. After the short is removed from the output, the voltage protector can be set,

{For Models equipped with Voltage Protector only.) With the "V Limit"”" control set fully clockwise, set
the output volitage as described above, Turn the coarse 'V Limit"” controf** (R418} slowiy counter
clockwise, until the power supply output “crowbars”, indicated by the output veltage going to zero and’
the circuit breaker shutting off. Turn the fine "V Limit" control {R414) slightly clockwisa. The amount
of “threshold” or difference voitage between operating voltage and the limiting point, is determined by
this fast adjustment, which should therefore be made with the "fine' control, R414. A too close
adiustmeant towards the operating voltage may lead to spurious triggering, especially if the “delay”
adiustment is set for maximum sensitivity. The minimum “threshold’ voltage adjustable is G.hvolt)
Adjust the "delay™ capacitor {C413) if required This control is factory adjusted for maximum
sensitivity, consistent with retiable operation withou t spurious triggering. |t needs re-adjustment only if
extremely sensitive loads must be triggered in the s oriest time possible and iF some spurious triggering
can be tolerated. Now the load can be connected to the power supply and operal’ on can commence.

*Use external metering for meterless models.
*¥1f modet has only a "fine” controt (R414), all VP Adjustmenis are made with this control.

38
39

INTRODUCTION TO REMOTE PROGRAMMING

GENERAL. A few general remarks may be in order to familiarize the user of this equipment with the
terminology and basic equations pertaining to remote programming of Kepco Powei Suppiies, Electrically, the
power supply, consists of the unregutated DC source (£}, the pass element {Ep). the DC error amplifier (A)

and & comparison circuit which resembles a four-arm electrical bridge. {Refer to FIG. 3-3}. The elements of
the bridge are arrangad to produce a virtual zero at the amplifier input when the bridge circuit is at balatce
(Vaar=0), Any lendency for the output voltage to change in ralation to the refere nce voltage {Er) creates an
wrror signal {€) which, by means of negative fesdback and the amplifier, tends 1o corract the output voltage
towards restoration of bridge balance.

Iy = BRoeE CURRENT

= — NULL JUNCTION

REFCRENCE

RESISTOR g Rye VOLTAGE CONTROL

/UNREGULATED ?

¥
}“ Fu source

COMPARISON
AMPLIFIER

REFERENCE VOLTAGE %iﬁgz Eo
(EXTERNALLY ENER- S
ZED 7 MODE ) ;
GIZED ZENER DIODE ¢ PASS-ELEMENT l
~
O
s COMMON POINT ¥

s

FIG. 3-3 KEPCO POWER SUPPLY CIRCUIT WITH COMPARISON BRIDGE (SIMPLIFIED)

C=HF/20-69



310 EQUATIONS SHOWING THE OPEBATION OF THE KEPCO BRIDGE

311 The (ollowing relationships govern the operation of the Kepco Bridge at balance, te., with Vapa' =

Eo Rve ]
gl = e (1 Where: Eg = Output Voltage
By Ar Er = Reference Voliage
E_{ = i (2 Rr = Reference Resistance
Ry Rvce = Control Resistance
Eo = IThRye {3 Iy = Bridge or Controd Current
b} The ratio of the number of chms control - resistance needed per volt output is termed the "CONTROL

RATIO". It is normally 1000 ohmivoit in KEPCO Power Supplies,
c} As can be seen from equation (1}, the output voltage kg can be controlled by varving any one of the
three quantities. Rewriting equation {1) we have:
Er
= e X R
Ea Ry Ve

e
The ratio -;L constitutes the bridge or controf current tp. (Eq. 2).
s
d) Therefore, we can write: Eq = [pRye (Eg.3).
Making 1p a precision quantity (precision bridge current adjustment is described in par. 3-16},
establishes & precise programming ratio, so that the accuracy of Eg is solely dependent upon Ry, This
mode of operation is referred to a5 "RESISTANCE PROGRAMMING” and is covered in detail in
Par. 3-19.
By

e} Rewriting equation {1}, Eg = Ey gl we can make By the variable which controls Eq.
r

This type of control is refered 10 as "VOLTAGE PROGRAMMING™ and is covered in Par. 3-25.

] Many other modes of controf are of course possible, some of them are describad in the foliowing
paragraphs. For a more extensive freatment and a detailed theorectical view of power supply
applications see the current KEPCO Application Literature, svailable from your Kepco Representative
or directly from Kepco Applications Engineering Department,

NOTE: For all programming and adjustment components, use high quality, wire-wound, resistors
with & T.C. of 20 p.p.m. or better,

312 ADJUSTMENTS FOR £EXACT PROGRAMMING RATIOT

313 Referring to equation (3} £q= 1y Rye, it is seen that if 1 = 1 mA, 1000 ohms of control resistance {(Rye) is
neaded for sach volt of output. Making Iy therefore a precision guantity the accuracy and linearity of the
autput voltage will then solely depend upon Rye.

3-14 Again refering to equation {3}, we see that if Rye = 0 [shorted out], the output voltage should be zero, A smali
negative offset voltage (in the millivolt range) exists however under this condition at the output

315 Both maccuracies, the slightly farger bricge current (i) and the small negative otffset voltage (Ein) may be
adjusted to provide a linear and precise programming ratio. Refer to FIG. 2-1 for the focation of the
calibration controls,

316 PROCEDURE. PRECISION PROGRAMMING RATIO ADJUSTMENT {Refar to FiG. 3.4}

a} Equipment Required:
1) Precision digital or differential veltmeter {(M1).
2} Pracision resistor, accuracy comparable to M1, The value is not important, but must be known,
For every 1000 ohms, 1 volt will appear across M1, {Ryel.
3 Single pole, single throw switch {$1),

*Applicable for models with suffix "E7 only,

Ch—H—F/20-6 2t 33



Fye (EXTERNALY

TBe-30

HEAVY DUTY REAR

CUTPUT TERMINALS g
+

| B
VOLTAGE CONTROL
{Rvc)

Ri4

1

COMMON

£ MULL (OPTION}

UNREG.
SOURCE

PASS-
ELEMENT

NOTE: REMOVE JUMPER LINK {5)-(6) FROM TB-50I

FIG. 3-4 COMNECTIONS FOR PRECISION PROGRAMMING RATIO ADJUSTMENT

b}
c)

adiustment) until exactly 5 volte are read-out on M1,
d}

adjustment) until exactly zero volts read-out on M1,
e}

EiG. 35 below shows graphically how the programming ratio can be precision adjusted.

ZEROVOLTS

LT 1, (BRIDGE CURRENT)
i ADJUSTMENT RANGE WiTH R4
B g mm e e e e o e o e
/i" ol
<A
e 6‘\\\0/}/”
3 s Of\“‘//é’
L
Rye //// S ;
P o
s r;'a ;
2
oL |
Z
\. el LY ————a--é
5V

ADJ. RANGE WITH
Eo NULL (RI4)

FiG. 3-56 ESTABLISHING PROGRAMMING LINEARITY

34

OUTPUT (4
MONETOR

) SENSING
{COMMON}

QUTPUT(=)
MONITOR
() SENSING

Rve

NULL
SHNCTION

Ry

Er

Re

Connact calibration set-up as shown in FIG. 3-4 and connect the power supply to the AC power line.
Wwith 51 “open”, and Hye = B K ohms, approximately 5volts witl ba read-out on M1, Adjust R4 (Ib

Close S1 and note deviation from zero on M1 (aporox. 7 to 8 mV negative}. Adjust R4 {zero

Open S1 and check the 5 volt reading. Repeat "¢’ and "'d" as necessary to achieve the desired accuracy.
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GEMERAL RULES FOR REMOTE PROGRAMMING

All remote programming spplications require the observance of a few basic rules 10 insure proper functioning
of the power supply in the particular mode of operation selected. These rules should be remembered before
gach application and especially if malfunctioning of the programming set-up is experienced.

1) GROUNDING. Ground loops due to multiple and indiscriminant grounding of various equipment are
the cause of the majority of complaints about "high ripple or noise”. They can be easily avoided by
grounding the power supply at one point only to which all shielded cables and equipment cases are
connected. I possible, one side {preferable the positive one) of the power supply outnut should afso be
grounded. Frequently, high ripple is introduced by programming sources or instruments used at the
input {nulf junction} although all grounding rules have been chserved. This may be due to the externat
instruments or source’s close coupling to the AC Hine. In these cases only isolation (i.e. battery operated
devices) is the answer. It must also be rememberad that input and output of the power supply are
“comman’', so that if the output is not grounded, the input source must be isolated for the maximum
output voltage 1o be programmed, plus the amount of voitage the common is "off groung”.

2} CONNECTIONS. All externat connections, especially the rear barrier strip terminal screws, must be
tight, Series malfunctions may be caused by open feedback foops or programming connections.

3 INPUT SOURCES. if specified performance is expectad when remote programming, externat input or
reference sources must have specifications equal to or betler than that of the power supply.

4) PROGRAMMING RESISTORS Programming resistors should be high quality wirewound units with
temperature coefficients of 20 parts per million or better. Their wattage rating must be at least 10 times
the actual power dissipated. Atthough the control current through these resistors is only 1 mA, an error
current exists when programming large voltage excursions. The magnitude of this srror current equals
the change in output voltage, divided by the final resistance of the programming resistor. (1, for
example, the voltage step is from bOvolis to zero, {AEg = b0 V) and the final resistance of the
programming resistor is ARyg = 2 0hms, Ipeak = 26 A, The duration of the peak error currant depends
upon the size of the output capacitor, |peak decays exponentially as the sutput voltage assumes the
finat value,

5} EXTERNAL SWITCHING. If step-switch devices are used in resistance programming, they must be of
the “make before break’ variety to avoid programming infinity. Programming resistors must have a
voltage rating at isast equal to the maximum cutput voltage of the power supply.

QUTPUT VOLTAGE PROGRAMMING WiTH EXTERNAL RESISTANCE

The output voltage of the Power Supply may be controlled remotely by an external resistance, replacing the
built-in voltage control resistance which is disconnected at the rear barriar strip, The value of the programming
resistance may be calculated by referring to the transfer function derived earlier {Eq.1):

E R o
X —
o Ve Ry
E
Sinee _ﬁr* = 1 {2}, it follows that Eq = {3Rye (3)

r

Referring to Equation {3}, we see that since Iy is 1 mA in KEPCO Power Supplies {and can be precisely
adjusted as shown in Par. 3-12), for every volt of cutput, 1000 ohms control resistance must be provided. This
corresponds to a “'Programming Ratio” of 1000 ohms per voli.

PROCEDURE (Refer to FIG. 3-8)

a Determine value of programmin resistor(s) for output voltage desired.

b} Using two-wire, shielded cable, connect the chosen resistors 1o terminals {4} and (6). Connect the shield
to the “ground” terminatl.

c) The output voltage will vary from zero to {1 mA} x {Ryel, as Rye is adjusted from zero to its maximum
value,
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RyolEXT) HEAVY DUTY REAR

‘\Xx—“—j\ DUTPUT TERMINALS

A MR

VOLTAGE CONTROL
Rue

CUTPUT {+)
MONITOR

e

(+SENSING
{COMMON)

OUTPUT (-}
MOMITOR

{~}SENSING

e

H

Ryg

A
ELEMENT NULL

JUNCTION

Ry

Er

COMMON

M e e o e i o b . A= ——

Ry

NOTE: REMOVE  JUMPER - LINK (5)~(6) FROM TB-503

FiG. 3-6 REMOTE RESISTANCE PROGRAMMING

3-21 PROGRAMMING BY CONDUCTANCE:

322 For special applications, the output voltage Eg can be adjusted by varying the bridge current. The relationship
governing this type of programming is:
i

Eo = Er (Rye {G), (Eq. 4) Where: G = -————— = programming conductance
or
E E = ouiput voltage
Eqy = e x {Ryel © " ¢
. Ry + Ry Er = reference voltage
Rye = control resistance
Rr = reference resistance
Rx = programming resistor

£
Since ;%"{ = I and Eg = xRy, the output voltage varies directly as Iy changes. Changing 1 with the help of
r

an additional resistor in series with Ry results in an inversely proportional change of 1y, since now
Ey

T
b RTT Ry

This method of output voltage adjustment is therefore referred to as conductance programming.

323 Conductance programming is a reciprocal function when analyzed in terms of resistance, but perfectly

proportional 1

-

o R
It can be very usefui, expecially over a limited range and for small changes in output voltage. Ancther
distinctive advantage of this type of programming is the "built-in' safety festurs. Should the prograrmming
circuit open accidently, the programming resistance becomes infinite, the conductance is zero, and
conseguently, the output voitage becomes zero.
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HEAVY DUTY REAR
OUTPUT (4}
OQUTPUT TERMINALS il
- o — {+
y (4 SENSING
o @ .. {COMMON)
&—j bl
VOLTAGE CONTROL(Rve) 1 QUTRUT =)
{$EY TO 5K OHMS) e HONITOR
SOURCE
(~)BENSING
L.
e}
- i g Rve
=4 VOLTAGE
PASS - R, CONTROL
ELEMENT NULL
JUNCTION
i Rr
o, Er
COMMON Y
___J.;
. o —_ - K
NOTE:. REMOVE JUMPER LINK (8)~(7} FRCM T8501

Fiz. 3-7 REMOTE CONDUCTANCE PROGRAMMING

324 PROCEDURE (Refer to FIG, 3-7)

EXAMPLE: Eg desired = 3 to bvolis,
al  Select By for maximum desired output voitage Eq.
QVC: E"'Q'" ve © E\'f" = B K ohms.
iy 7 1T mA

NOTE: A word of caution may be in order in regard o the changing of the bridge current, The 1 mA value
has been selected for maximum stability in the zener reference circuit. A large departure from this
value is not advisable. If a £50% change in iy is not sufficient to achieve the desired voltage swing,

Cl—H—F/20-80

Set built in Ry 1o 8 K ohms, or disconnect and use external resistor.
A change of Eg 1o 3 voits requires a bridge current change of:
AEg 2 volis

Al = = =
b I 5 K ohims

4 mA

E
Since lp = -E':» = 1 mA, the additional resistance needed is;
r

6 voits

o (e v R 06 mA

Er; Ry & — —Ry or Rg = -6 K = 4 K ohms.

A 4K ohm, WW, iow T.C. potentiometer, connected as shown in FIG. 3-7, will change the output

voltage from 3 to 5 volts when varied from zero to 4K ohms.

an external reference supply can be used.
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REMOTE PROGRANMMING WITH EXTERNAL CONTROL VOLTAGE

The output voltage of KEPCO power supplies may be controlled by an externai, variable voltage scurce,
which supplies the recessary contral current, Tormerty delivered by the {now disconnected) internal, fixed
reference source, This mode of operation is termed "Voltage Programming™. 1t can be mathematically
exprassed by referring to basic equation {1}

Eo _ PRwc (Eq. 1) Solving for Eg, and designating the external programming components “Ej, Ri”
E, Fr

the result is: Eg = —f) x == (Eq.B)

As seen from the expression (Fa.B), if the ratio Rye/Ri {which represents the closed tcop gain of the
systern) is held constant, £ will vary linearly with E;, the external programming voltage. The above
expression {Eg.B} is ssen to be similar to the operational amplifier transfer function in the inverting
configuration. The voltage programmed power supply does in fact become 3 unipolar power ampiifier with
potentially very high power gain but with limited frequency response. (Refer 1o FIG, 3-8). The limited
frequency response is largely due to the effect of the output capacitar {Cg) acting as a iow-pass filter and
preventing the output voltage (Eg) from varying rapidly. The output voltage may be varied over the full
range, bounded on the high end by the maximum rated value. A practical example 1o illustrate component
selection will be given below.

HEAVY DUTY REAR

UTPUT(+
QUTPUT TERMINALS © (,

HONITOR

{+)SENSING
(COMMON)

VOLTAGE CONTROL )
{Ryg, SET 70 15K QHMS )

LU
7 ”A\\>""
s

PASS- Ry,
ELEMENT
.- Co
i +) i
% S 'S

£
T COMMON

QUTPUT(-}
MOHITOR

{-15ENSING

Rvo

OO

NULL
JUNCTION

Ry

Er

R (-HEV—-TC:*\‘ £ (- NOTE: REMOVE JUMPER L INK

NP \\/:\_‘//} {81-{7) FROM TR501
OV = -

Ry

FIG. 3-8 THE POWER SUPPLY IN THE OPERATIONAL AMPLIFIER MODE

Example: A power supply with a rated maximum output voltage of 15 volts is to be voltage programmed
over ite Tull rangs (0 to 156V by a triangular, positive increasing source with a peak output voitage (k) of
Zvolts, and able to deliver at least 1T mA control current. Since the reguired volitage gain s
Eo/Ey = 1h/2 = 7.5, the ratio Ryo/R; must also equal 7.5, If the internal voltage control isretained, in this
case, since Rye = 16 K ohms, By must equal 15 K/7.5 =2 K ohms. FIG. 3-8 shows the Power Supply as an
operational amplifier and tha necessary rear barrier connections for this mode of operation.
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CONSTANT CURRENT OPERATION

A KEPCO power supply can be set up to deliver constant current by the addition of an external sensing
resistor and a current conirol. In the constant current operating mode, the veliage comparison bridge is
interconnected with an external cusrent sensing eesistor, Rg, and a current control, Ry {as shown in
FiG. 3-8} to maintain a constant voitage drop across g In this way, an adjustable constant foad current is
obtained. Characteristic of the constant curreni supply is ability 1o change its output voltage automatically
in order t0 maintain a constant current through a range of possible load resistances. The range of cutput
voltage that the supply can deliver and simultaneousiy maintain constant current, is referred to as the
“COMPLIANCE VOLTAGE",

The current sensing resistor Ry is chosen to develop a 0.5 volt drop at the rmaximum desired current.® 1t is
calculated by dividing this current into G.bvolt. The value of Rg is not eritical and can be the nearest
standard resistance avaitable. Several facts shouid be kept in mind however, when choosing R A
compromise must be made betwsen a large and g small vatue. While a large value is desirable for good
current regulation, it is less so in view of the power dissipated seross it. It must be remembered that alt the
load current is flowing through Rg and the input t¢ the regulatar is connected across it. [t is therefore vital
that all extransous chamges across R, 1.8 resistance change due to temperature, are kept to a minimum, A
high guality, low T.C. {20 PPM} resistor, at feast ten times the actual wattage needed, is therefore strongly
recommended. In practice, Rg isusuatly selected for a 0.5 volt sample at maximum cutputcurrent desired.* [f
more than a 10:1 ratio of output current is needed, several values of Ry should be selected and switched in
or out as required.

*For KEPCO Power Supplies with maximum rated output currents of 5 A DC or less, a Tvolt sample at the
maximum desired current should be used.
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FIG. 3-9 CONSTANT CURRENT OPERATING MODE
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310

a)

The current control resistor, Rge i chosen on the basis of the control ratio of the Kepco comparison bridge,

and Vg the maximum voltage across Rg if Rg was selected for 0.5 volt drop, then Vs = 0.5 veltand

Ree = Vg times {control ratio), or

1000 ohm
volt

il
H

Ree = O.bvolt x 500 ohms. A high quality, low T.C. (20 PPM) resistor is recommended

for RCO
PROCEDURE {Refer to FIG. 3-9)
The actual component calculation for current regulation is perhaps best shown by a practical example. A

KEFCO Power Supply with a rated maximum output current of 50 A DC is to be set up for current
regulated output from BA to 50A {1:10 ratio),

Rg ischosenby: s = —ot = 001 of
is chosen by: = e = (30T OB
g Y 8 50 A
Pdiss = Vg X lmax, = 0.5volt x {B0OA] = 25 watts. (use 250 watt)
NOTE: A heavy duty, 4 terminal meter shunt or a power resistor in the TEPRO "TMK" series is
required. Inguire at KEPCO if special values are needed.

The control resistance Ree is found by calculating its limits:

. 1000 ohms k

Ree {max.}) = Vgimax.) x controiratio = 0HV x e =0 500 ohms.
. . . 1000 ohms )

Ree dmind = Vg (min x controlratio = 0.05V x — 50 ohms.

As Ree is therefore varied from B0 ochms to 500 ohms, the regulated current will vary from b 10
50 mA. The compiiance voltage will change in the same ratio (10:1}, its absolute value depending on
the load resistance used. '

A large output current range (1 mA 1o 50 A} could be covered I three separate sensing resistors were 1o
e calculated on the basis of a 0.5 volt sample at maximum current:

a)  R's(For5to 50 A} = 0.5 V/50 A=0.01 £ (250 watt)

bl R (For0.BtBA)=00V/6HA=C1T8 {25 watt)

¢l R¥%{For0.06mA 1005 A} =05 V/05 A= 1§ 1{2.5 watt)

Cl—H-—F/20-69
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SERIES OPERATION OF KEPEO POWER SUPPLIES

GENERAL. Kepco Power Suppliss can be series-connected for increased voltage output, provided the
specified lmits on voltage to chassis are not exceeded. When series-connected, the supplies should be
protected by means of a semiconductor dicde across the output terminals of each power supply, as shown in
FIG. 3-10. The peak inverse rating of these diodes must be at least as large as the cutput voltage of the suppiy
to which they are connected. The continuous current rating of the diodes should be at least as great as the
largest short-circuit current of the interconnected supplies,

Two basic series connection methods are generatly used, the "Automatic Series Connection”, as illustrated in
FIG. 3-10, and the "Master-Slave” conngction, shown in FIG. 3-11. The basic difference between these two
alternate methods lies in the manner of the output control. While in the "Automatic’” connection the outputs
of both supplies may be coniroiled individually, in the “"Master-Slave™ connection, control is exercised from
the “Master” supply alore, while the “Slave” supply foltows the master command in a ratio which may be
pre-determined by the user, The latter method of series operation is therefore frequently termed “Automatic
Tracking”’.

PROCEDURE FOR AUTOMATIC SERIES CONNECTION
a} Connect tead as shown in FIG. 310, Keep voltage drop in load wires as low as practical by using heavy

gauge wive,
b} Connect protective diodes across respective output terminals.
cl Remove jumpers as shown and connect error sensing leads. These teads should also be as heavy as

practicable, and should be twisted and shielded.
d) Turn supplies on and adjust voltage on either control as required.

The “Master-Slave” series connection method is illustrated in F1G. 3-11. As seen from the figure, the reference
voltage (£} of the "Slave” supply is disconnected and its input or null junction is connected 10 the output of
the "“Master’ supply via the tracking resistor (Ry). The “Slave” supply output is thus completety dependent
on the “Master'’ cutput voltage:

Ess = Eom R;CS . where:  Egm = Quiput Voltage, Master
! Eos =  Qutput Voltage, Siave
Ry = Tracking Resistor
Ryes =  Voltage Controt Resistance, Slave

As evident from the equation above, if the tracking resistor {R+) value is equal to that of the voltage control
resistor of the “Slave” supply {Ryeg), @ "tracking ratio of 1:1 is achieved and the output of the “'Slave’ will
squal that of the "Master”’, If a single ioad is connected to the series "Master-Slave” combination, twice the
“Master’” output voltage is applied to it. If separate loads are connected, identical voltages-are applied to the
individus! loads.

The ratio Epe/Eqm can be readily changed if the application so requires by simpty altering the value of either
Ryes of Ry, In practice, since Ryeg is the ten-turn voltage control rheostat of the “'Slave” supply, the tracking
resistor () is selected for the desired tracking ratio. The value of Rycg is determined from the parts list and
Ry is selected accordingly to the selected ratio. For a 1:1 ratio Ry = Rygg, for a 1:2 ratio, Ry = 1/2 Rygg etc.

PROCEDURE FOR MASTER-SLAVE SERIES CONNECTION

al Connect load as shown in FIG. 3-11. Kesp voltage drop in the load wires as low as possible by using
heavy gage wire.

b) Connect protective diodes across the respective output terminals.

¢} Remove jumper links as shown (FIG. 3-11) and connect error sensing leads H remote sonsing is desired,
Sensing leads should be twisted and shiglded.

i Select value of the tracking resistor (Ry) and connect with shielded wire as shown {FIG. 3-11).

e} Turn supplies “on’, and adjust output voliage on the “"Master”” Voltage Control as desired.
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FI1G. 3-10 AUTOMATIC SERIES CONNECTION OF KEPCUO POWER SUPPLIES
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FIG. 3-11 MASTER-SLAVE SERIES CONNECTION OF KEPCO POWER SUPPLIES
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PARALLEL OPERATION

GENERAL. Kepoo power supplies equipped with an overvolitage crowbar {3l CPS models and JOF models with
suffin “WP"} cannot be operated in parailel Tor inersssed output eurrent. A triggered crowbar in a power supply
working in 2 parailel configuretion would have to absorb the fotal cutput surrent of the other power supplies.

EMERGENCY BITUATIONS. Sometimes 2 situation arises where additional cutput current is renuived and ondy
powar supplies with lowsr than reguired current ratings ave available. In these cases, the powsr supplies can be
paralieled If the crowbar circuit in sach unit is disabled. Hefer to the component location drawing for assembly Ad
Sestion Vi of this manual) sod remove B402 frome the owvervoliage profector assembly (A4), if overvoltages
protection ks corsidered esseniial in the appiieation at hand, 5 separste crowbey civenit, rated for the ot/ cutput
eurrent in the perailiel connected power suppiias must be vsed, (Refer to Kepoo WP models.) Twe basic methods of
paralieling power supglies are described i pers. 347 to 346, USE PARALLELING IN EMERGERNCIES ONLY.
CROWRAR CIRCUITE MUST BE DISABLED.

41 PARALLEL OPERATION (AFTER DISABLING THE CROWSBAR CIRCUIT ORLY)

3

F47 GENERAL. As in the previously described “serfes” connections, an “Auiomatic’” or a “Masier/Stave’’
connection method can be chasen. The choice between the two methods will depend on the application at
hand. For constant loads or small load variat]
siagle power supniv), the "Auwtomane”

ons (load changes smalfer than the maximurm autput range of a
Het connection can be used. For load changes exceeding the
maximum rating of a singfe power supply, the "Master/Slave” method is suitable. For either method, some
general rules should be observed:

[

1} Parallel onfy supplies which can be adjusted to the same compliance (output) voliage,

2} BError sensing, as shown in the following diagrams, can be used to compensate for foad wire voltage
drops.

3 Load wires should be as short as practicabie. Select wire gaugs as freavy as passible and twist wires

tightly. Approximately egual lengihs of wire should be used.
JRTY. AR d

44 Commuon a-c power source "lurn-off’ for all supplies is recommended,

343 AUTORMATIC PARALLEL COMNMECTION
344 PROCEDURE FOR AUTOMATIC PARALLEL CONNECITON {See FIG, 3-13)

1 Connect the power supplies to be parallelad 1o a common a-c source (preferably with a common
“or-oft” power switch),

2} Withour connecting the power supplies 1o the load or 10 sach other, turn a-¢ power 'on,’" and adjust
the output voltage on each supoly to the required compliance voltage.

3} Adjust both Tcurrent” contrels 10 their maximum {extremes clockwise) position. Turn a-c power “off.”

4} Make all load interconnactions as shown in the connection d‘a-c;ram frefer to FIG. 3-13) except the error

sensing connections {these conneciions may be added fater if neaded),
Hi With tha individual o-c power switches of the two power supphies in the “on’ position, turn commeon
Copower switeh Yon” Observe output currant meters on bof units, Since the mitial output voltage
adjustrents were not identical, oae of the power supplies (1o be designaled SUPPLY #1) will be at a
slighthy  higher output voltage than the other {to be designated SUPPLY #2). Consequently,
SUPPLY #1 will deliver i1s maximum Ioad current and will operate in the current limit mode. The rest
of the load current is debvered by SUPPLY #2 which is operating in the voltage mods.
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a) The “current’” control of SUPPLY #1 can now be adiusted, as to equalize the total ioad current
between SUPPLY #1 and SUPPLY #2, and operation can procsed. ERROR SENSING CAN BE USED
FROM SUPPLY #2 ONLY,

MOTE: The diagram below {refer to FIG. 3-12) shows how the two power supplies operate in the parallel mode. As
seen from FIG. 312, load variations should be confined within the stabilization region of SUPPLY #2 since
there is an initial adjustment evror (AEg) between the two supplies,

- _—
z 4 z 7
[T N Tl
MAX, RATED g 3 WAX, RATED ¥ B
OUTPUT CURRENT BANG z 0 OQUTPUT CURRENT BAND g oW
o SUPPLY Mo, ! e - SUPPLY Na.2 s B
¥ 8 g 8 |
]
o ox
o m ?
e - e T — o _i_

BETWEEN SUPPLY N
\AND SUPPLY No 2,

CURRENT LIMIT SUBPLY NoZ
CURRENT LiMIT SUPPLY Ng i \

QUTPUT CURRENT 1o e

{D\FFERENCE VOLTAGE >
H

OQUTPUT VOLTAGE SUPPLY No.l

QUTPUT VOLTAGE SUPRPLY fNg 2

KT

B

FIG, 3-12 "AUTOMATIC”" PARALLEL OPERATION (TWO SUPPLIESH

345 MASTER/SLAVE PARALLEL CONNECTION. Two power supplies are shown in FIG. 3-14, although more
can be paralleled, each unit requiring its own sampling resistor. The sampling resistors (Rgy, Rgp in FIG. 3-14)
are of equal value and are selected such that the valiage drop across therm {due {0 the output current), plus the
voltage drop in the load connection leads does never exceed 0.5 volts. If the voltage drop across the load
connecting leads alone is at least 0.1 volt, the sensing resistors can be deleted since the leads provide the
necessary sample voltage. For equal current sharing, however, the lead fength and diameter shouid be the same
for both power supplios, Cutput control is exercised from the "Master’ suppiy.

346 PROCEDURE FOR "MASTER/SLAVE" PARALLEL OPERATION {Sea FIG. 3-14)

1} Connect the power supplies to be paratleled to a commaon a-c source {preferably with a common
“on-of" power switch).

2 Make all load and sensing conmections as shown in FIG. 3-14. The error sensing connections may be
deleted if the minor voltage drop across the load wires {which subtracts from the available compliance
voltage) can be tolerated.

3 With the individual a-c power switches of the two power suppglias in the “on’ position, wrn the
common a-c power switch “on” Gbserve output panel meters on both power suppiies. Adiust output
control on the "Master” supply, such that both supplies share the load currant equally.
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SECTION IV — THEORY OF OPERATION

{References in CAPITAL LETTERS refer to the nomenclature used in FIG 4-1}

SIMPLIFIED DIAGRAM DISCUSSION (Refer to FIG 4-1)

The MAIN POWER TRANSFORMER converts the line voltage to the reguired levels needed to produce the
DEC operating voliages for the MAIN AND AUXILIARY SUPPLIES. The MAIN POWER SUPPLY is in series
with the PASS-ELEMENTS and the CURRENT SENSING RESISTOR and produces the ocutput voltage. The
MAIN PASS-ELEMENTS are changing their series resistance in a way tending to keep the OUTPUT
VOLTAGE constant, The necessary drive for this change is produced by the DRIVER CIRCWIT which in turn
receives its command signals either from the CURRENT LIMIT AMPLIFIER or the ERROR SIGNAL
AMPLIFIER.

The GUTPUT VOLTAGE is constantly compared to the REFERENCE SOURCE, while the output current is
monitored by the CURRENT SENSING resistor. Any change, in either output voltage or current, is amptified
by the associsted amplifier and transfered © the GATE DIODES which feed directly into the DRIVER
CIRCUIT ane produce the needed drive signat for the MAIN PASS-ELEMENTS, thus either keeping the
OUTPUT VOLTAGE constant, or if the signal frem the CURRENT LiMIT AMPLIFIER is dominant, limiting
the output current to the pre-adjusted vatue,

The OVERVOLTAGE PROTECTOR (Optional, on models with suffix “"VP” only) is connected across the
output terminals of the power supply. A portion of the output voltage is continuously compared to an
internal reference. If an overvoitage occures, the SCR "crowbar” will short-circuit the output immediately.
Recycling takes place automatically, since the AC input power is removed by the tripping of the circuit
breaker.

AC POWER SWITCH/CIRCUIT BREAKER
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CIRCUIT DESCRIPTION

For the purpose of analysis, the circuitry of the JOE Power Supply may be divided into several sections which
are individualty described below. The main schematic {FI1G. 6-3} should be used 1o iltustrate the text of this
section,

al AC INPUT CIRCIHT. AC line power is introduced through the AC input basrier-strip or a heavy duty
three-wire line cord with safety plug.® The use of a grounded AL powsr ocutlet will automaticaily
ground the power supply, since the third wire of the line cord is directly connecied to the metal chassis
and case. Once the AC POWER SWITCH/CIRCUIT BREAKER (CB101) is closed, the primary of the
main transformer (T20%), the fans {B201,202) and the AC pilot fight {DS101)* wili be energized. The
two primary windings of the main transformer are either connected in paraliel {for 115V AC nominal
fine voltage} or in series {for 230V AC nominal line voltage). The AC POWER SWITCH/CIRCHT
BREAKER{CB141), aside from switching the AC primary power, has the function of disconnecting the
power supply from the AC line in case of overtoads or short circuits, CB107 has two sensing colls, one
of which is always in series with one of the primary windings on T201 {T2—-Th}, whether the main
transfromer is wired for 116V or for 230V AC. The second sensing coit of CB1C1T is in series with the
secondary winding on T20% which generates the waorking potential for the overvoltage protection
circuit {T201-T86,T7). If an overload occurs, due to either internal component faifure or crowbar
action of the voltage protector {models with suffix "VP" only}, the coil is energized sutficiently to
activate the trip-mechanism of CB1G1, thus disconnecting the power supply from the AC Hine, Since the
“primary coil of the AUXILIARY POWER TRANSFORMER ({T202) is in parallel with the secondary for
the overvoltage protection circuit, any failure in the auxiliary circuit, refiacting back to the primary of
the auxiliary power transformer (T2Z02) will also activate the sensing coit of CB 101 and shut down the
power supply. Thermal sensing elements (S301,5601} are mounted to HEATSINK ASSEMBLIES
{A3,AB} 1o protect the series regulator transistors from over-temperature. if the pre-set ternperature on
S301 or S801 is exceeded, their contacts close and energize the sensing coil of CB101, resulting once
more in the tripping of the AC POWER SWITCH/CIRCUIT BREAKER and subseguent removal of the
AL input power from the power supply.

oY) MAIN DC SUPPLY. The main DC power is derived from a center-tapped secondary winding on T201. A
‘ull-wave rectifier circuit with silicon diodes (CR201,202) operates into a capacitor input fitter (C201)**
which is paraileled by a bieeder resistor(R202}, The main DC supply delivers the output current via the
series requlator or pass-elements.

c) PASS-E1LEMENT SECTION, The pass-element section in the JOE Power Supply varies in complexity
according to the output voltage and current rating of the particular model. The NPN siticon
pass-transistors of the JOE are located on high-efficiency heatsinks and are cooled by fans (B201,8202).
JOE models have dual heatsink assembiies (A3 and AB} with pass-transistors 0301 to O3 .. .and Q601
o Q6. ., the number of fransistors depending on the individual model. While in the low voltage/high
output current models {E< 36 volts) all pass-transistors are arranged in a paratle! circuit, higher voitage
models {Eg> 36 volts) use a series/paraliel confiquration in the arrangement of their pass-iransistors. In
the fatter, a "master/stave” circuit is used, where the “slave” section is sometimes paralleled by power
resistors, which share in the power dissipation if the power supply is operating in the curreni-limit mode
or under short-circuit conditions. However complex the pass-element section, for analytical purposes it
can be recuced to a single pass-transistor. Etectricaily, this pass-transistor is part of a series circuit
consisting of the unregulated main DC power supply, the external load and the pass-transisior. The
output voltage of the power supply is kept constant, regardless of variations in the unregulated supply,
by changing the series resistance of the control element {the pass-transistor} in the described series
circuit. The necessary base-drive for the pass-transistors to affect the change in series resistance is
supplied by the "Darlington’ connected driver stages. The main driver stages in turn receive their base
signals from the pre-driver stage (Q2) of the errorsignal amplifier.

*Line cord and AC pilot light used with metered models (suffix “"M") only. On unmetered models with AC
input barrierstrip, terminal "G" must be returned to AC ground.
**C201 may consist of several parallel capacitors, see "MAIN SCHEMATIC.”
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d) ERROR SIGNAL AMPLIFIER {Ay). The main function of this DC amplifier is to amptify the error
signal, derived from the comparison bridge, o level suitable to pass the dicde gate circuit and drive the
pre-driver stage {Q2). The error signal amplifier in the JGE Power Supply is a DC coupled, high gain
operational amplifier in a plugin package. The ampiifier input may be disconnected from the
comparison bridge cirouit, and programmed externally. Aithough the plug-in amplifier is used in the
non-inverting configuration, a positive input signal will produce a negative power supply output with
respect to the “common” {plus {+) sensing terminal), since the pass-elements provide another signal
inversion.

&) COMPARISON BRIDGE. This four-arm efectrical bridge circuit is the sensing and controtling element
in the JOE Power Supply. The reference-hatf of the bridge consists of the referance resistors in series
with the zener raference voltage {Ry = R4, R8; E; = CR3), the other half is constituted by the voltage
controt resistor (Rye = R102) and the output voltage {Eqp). The simplified presentation shown in
Section 1 of this manuat will iHlustrate this discussion and show the actual bridge configuration. {Refer
to FIG 3-3), The output voltage [in series with Ryg) is continuousty compared with the reference half
of the bridge circuit. At bridge balance (Eaa’ = 0, a constant bridge current (k) is flowing through the
bridge, keeping the error signal at the bridge terminals (AA} at approximately zero voits. Any
deviation in the output voltage (En}, caused either by line/load variation or by a change in Ryg wiil tend
10 change the bridge current (I} in the sensing haif of the bridge and thereby produce an error signal at
the bridge terminals {AA’). The error signal is presentsd to the amplifier input and will after
amplification, act as a drive for the pass-transistors, changing the voltage drop {Ep} across them in such
& way as 10 restore bridge balance and keep the output voltage (Eg) constant once more.

f) CURRENT LIMIT CIRCUIT. The differential input of the current limit ampiifier (Q4,05} is connected
to the current sensing resistor (Rg = R2031* and to a reference voltage, adjustable by the current limit
control (R101), The voltage drop across the current sensing resistor is thus continuously compared 10
the reference voltage, set by the current limit control, As long as the voltage developed across Rg {due
to load current flow) is less than the pre-set voltage reference level, the current timit amplifier will be
biased to its inactive state and will not effect the output. 1f the output current increases however, the
voltage drop across Ry will overcome the reference ievel set by the current limit control. The current
limit amplifier wilf be thus activated and produce a drive signal at the dicde gate, greater than Ay,
thereby taking contrel away from the error signai amplifier and transferring the power supply into the
current limit mode. Since both, the current limit amplifier and the ervor signal amplifier (Ay) are
coupled through the diode gate circuit {CR14.,15} to the pre-driver stage {Q2}, the amplifier with the
greater {negative) cutput will controd the pass-transistors and therefore the ocutput.

qg) OVERVOLTAGE PROTECTION CIRCUIT {A4, contained in Models with suffix--"VP"],

1) tnput and ocutput connections for the overvoltage protection circuit (VP) are made via a singte
printed circuit board connector (P401) and its associated mating plug. The VP contains its own
auxitiary power supply with only the AC voltage derived from a secondary of the main
transformer (T202) and introduced via P401/J207. The AC is rectified by a conventional bridge
rectifier {CR401), capacitor fittered by the input filter capacitor {C401} and shunt regulated by a
zener diode (CR405). A six voit source is derived from the pre-requtated DC voltage by means of
another zener dicde (CRA06; thus providing a stable reference source (Ergf!.

2} The overvoltage protection circuit contains a dual input Schmitt-Trigger {0402 403) in a voltage
comparison configuration. A fixed part of the reference voltage (Evef) is applied 10 the
“reference input’” {Base of Q402), and a portion of the power supply output voltage {Eq) to the
“sensing input’ {Base of Q£03). so that the ratio Eg/Epef is continuously sampled. Adiustment
of the "Voltage Limit” controls {R414,R415}, connected as a part of the voltege divider on the
“sensing input’ keeps the ratio Eg/Eref constant, as the power supply output voltage is varied
throughout the specified range {3V to Eg max. rated}. The inputs to the Schmitt-Trigger are thus
balance and the circuit is inactive.

3) in the event of an overvoltage, resulting either from external causes or from internal power
supply failure, the circuit becomes active. Since the “reference input”™ of the Schmitt-Trigger is
rigidly clamped to a fixed reference, a positive input at the "sensing input” (due for example to
an overvoltage) will result in a change of state in 0402, producing an cutput pulse. The output
putse from the Schmitt-Trigger stage, transferred via the emitter folfower (Q401) is applied to the

*In models with g max. > B0A DC, the base of Q4 is fed from the meter-amplifier (Ay1). Refer to par. 4-6i
for details,
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h)

first SCR {CRA02}. The changing time constant at the cutput of the Schmitt-Trigoer stage is
determined by the value of the {adjustable} celay capacitor C403}. in effect, the setting of C403
determines the “sensitivity” to overvoltage of the protection circuit., Minimum capacity will visid
fastar response but will also make the circuit more sensitive to spurious triggering. The control is
factory set for fastest response consistent with stable operation under all conditions.

4} As the first SCR (CR402) is conducting due to the pulse from the Schmitt-Trigger, it performs
wo functions: 1t shorts out the 3O supply for the voltage protection circuit, thereby creating an
aver current in one of the circuit breaker coils Simultaneously, CR402 generates a firing pulse for
the main SCR {CR2C3), which through its “crowbar” action short-circuits the power supply
output. The AC POWER SWITCH/CIRCUIT BREAKER {CB101) trips due to the action of the
first SCR (CR402), disconnecting the power supply from the power line. The protection circuit is
automatically re-activated with the “turn-on” of the power supply via CB101.

AUXILIARY SUPPLIES

1} AMPLIFIER POWER SUPPLY. This full wave, bridge rectified source is derived from a
secondary winding on the auxiliary transformer ({T202). Rectified by CR8, the supply is
capacitor fiftered by CZ. A current regulator stage {O3}, followed by a string of zener diodes
{CR10-13), provides the operating voltage for the error signal amplifier {Ay), the current limit
amplifier stage (04,056} and the reference circuit (R4,R8,CR3).

2 PRE-DRIVER COLLECTOR SUPPLY. A half wave rectified {CR3) and capacitor fiHered (C7)
supply is derived from a secondary winding on T202Z. 1t detivers collector voltage 1o the pre-driver
stage (02).

34 lepo SUPPLY. This fullwave rectified suxiliary supply is derived from the winding of the
auxitiary power transformer. Rectified by CR1 and filtered by C1, constant current is applied to
the base of the pass-transistors {Via the constant current generator stage (Q1}, thus insuring the
necessary turn-off bias for these stages under all operating conditions, especially at elevated
temperatures.

METERING CIRCUIT (Models with suffix “"M" only). Both, output voliage and output current are

monitored by dual range front panel meters (M101,M102). The two meter ranges are 0 to 10% and 0 to

100% of the rated output voltage and output current and may be selected by meter range-switches

{S101 for voltage, 5102 for current), located between the front panel meters, While the cutput voltage

is measured directly across the error sensing terminals {TBBO1T--2 TRBOT—4), the outpul current is

measured indirectly as a voltage-drop across the current sensing resistor {R203). On models with output
current greater than B0A DC, a meter-amplifier {Ay1) as connected between the resistor and the
ammeter, 1o reduce the loading effect on the sensing resistor. On the models the offset control of the
meter- amplifier (R28, See FICG. 2-1} is used to achieve perfect zero on the ammeter (M101}.

Adjustment of this control should be needed only in cases where either the meter amplifier or the

amimeter must be replaced.
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SECTION V — MAINTENANCE

GENERAL

This section covers maintenance procedures, calibration and test measurements of the Kepco Model JQE- -

Power Supplies. Conservative rating of components and the non-congested iay out should keep mainienance
problems to a minimum, If trouble does develop however, the easily removed wrap-around cover and the
plug-in feature of the circuit boards provide exceptional accessibility to all components of the supply.

DISASSEMBLY (Refer to FIG, 5-1)

a)

b)

)

COVER REMOVAL, The wrap-around cover may be taken off by loosening and removing: its (17)
holding screws, as indicated.

CIRCUIT BOARD REMOVAL. The printed circuit board is mounted with twe (2) screws, which are
removed from the side. After removal of the three printed circuit board connectors, the board may be
fifted from its slide-guide,

HEAT SINK REMOVAL, The heat sink assemblies are mounted with four (4} screws sach to the chassis
bottom. After the screws are taken out, the indicated wires may be removed and the assemblies lifted
from the chassis,

OVERVOLTAGE PROTECTOR (A4} REMOVAL. (On models with suftix—""VP" only}, Remove the
hoiding screw as indicated (Refer to FIG. b-1) and [ift assembly out.

RE-ASSEMBLY, Re-assembiy of all components takes place in reverse order of the above described
procedures.

A} COVER HOLDING SCREWS
{5) FRONT

b} VR — G HEATSINK WIRES
HOLDING SCREW REMOVE AFTER (4) BOTTOM
MOUNTING SCREWS.

HOLDING
SCREWS

} COVESR HOLDING SCREWS
{6) REAR.

A} COVER HOLDING SCREWS
{3) EACH SIDE

FIG. 51 DISASSEMBLY, JOE FULL—RACK MODELS
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B4 INTERNAL ADJUSTMENT PROCEDURES

565 GENERAL. This paragraph describes all internal adjustment procedures, which have not been previcusly
covered, Refer to Section 11, paragraph 2-3 for a listing and location of all adjustment orocadures.

56 MAXIMUM OUTPUT CURRENT {"l5 max, ad].”} ADJUSTMENT, This adjustrment serves as a calibration for
the range of the front panel Current Limit Control. The "l max, adi.” (R 19} is tocated on the printed circuit
board {Refer to FIG. 2-1). 1t is factory set so that the front panel controb covers an cutput current range of
2-105% of the maximum rated cuiput current. Re-adjustment of the Iy max. ad).” control is to be
resiricted, A convenient way 1o make the adjustment is as follows:
aj Load the outputl of the supply to draw the maximum desired outpui current with the front panel

Current Limit Control fully clockwise, Monitor the output voltage with an osciltoscope, having &
vertical sensitivity of at least 0.1 mV/om,
b} Obsarve the oscilicscope. Current limiting is Indicated by a sharp increase in output i’!pp!? [ ocate the
"lg max, adi” control and turn stowly uniil limiting ocours at the point required. Clockwise adjustment
will increase the maximum output current range, while counterciockwise adjustment will decrease the
range. YO NOT ADJUST TO MORE THAN 105% 15 maex. Although this might be possible due to
component tolerances, maifunction of the powsr supply wiii be caused by exceeding the rated
maximurm outiput current,

57 LAG NETWORK ADJUSTMENTS, With most models in the JOE series It is necessary to shape the gain-phase
characieristics of the error-signai amplifier with external compensation networks, to achieve stability for any
amount of feedback. Since gain and phase shift differ from moedel to model, either one or two adjustable lag
networks are provided (R 16—C% and/or R36-C10,* see main schematic, FIG, 83}, Lag network readjustment
is indicated if components affecting the AC characteristics of the amplifier must be replaced or if the toad
connected to the power supply contains axcessive capacity or inductance, causing AC instability. AC
instability is usually indicated by high frequency oscillation as observed with an oscilloscope across the power
supply load. In such cases, the fag network should be adjusted so that stable aperation is resumed. If In
extreme cases adiustment of the iag network should not prove sufficlent, twisted-load and error-sensing wires
or decoupling capacity directly across the foad may provide a solution to the problem.

*C12 in Model JOE 6--90.

58 THOUBLE SHOOTING

59 Modern, high performance power supplies have reached a state of sophistication that reguires thorough
understanding of the problems involved in repairing complex, solid-state circuitry. Servicing beyond simple
parts replacements shouid consequently be attempied only by personnel thoroughly familiar with solid state
component technigues and with experience in closed-loop circuitry, '

510 Trouble shooting charts, showing resistance and voltage readings, ere of very limited usefulness with feedback
amplifiers and are not inciuded here, instead a detailed circuit description {Section IV}, parts location -
diagrams, simplified functional schematics and a main schematic with alt significant voltage readings is
present, ' '

511 The fﬂ%!oWing basic steps in a case of powar supply malfunctioning may also be Tound useful:
a} If power supply does not function at all: Check all powerline connections and fuses and make certain,
nower supply is connected to the correct line voltage (it is normaily defivered for 115V AC operation).
b} No DC Quiput
1% Check rear barrier-strip jumper connection for correct placement and tight seat (Refer to
FI1G, 4-1},
2} Check the carrect placement and tight seat of alf transistors on the amplifier board {Refer to the
component location drawings and parts list in Section Vi),

3 Check reference voitage from terminal (2} to (8} on the rear barrier-strip. Correct referehce
potantial is 8.2 nominal,
4} Check amplifier supply voltage from the O WV DC' buss. {Refer to Main Schematic, FIG, 8-3).

5) Test amplitier transistors® Q2, 03,04,
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d}

HIGH DC QUTPUT: If the sutput voltage is high and not controllable by the voltage control, identical
steps as outlined above (par. b-11b) are advisable, In addition, if the condition persists, check the
following:

1} Checi the predriver transistor® (Q1) as well as all pass-elements {Q301-3. ., and QB01—6 .. )}
the number of pass-elements depending on the individual model,

2} Check the voltage control resistor {R102) for continuity. Monitor output with an oscilloscope
and obssrve ripple waveform and amplitude, T high frequency osciflations are observed proceed
as directed below. {Refer to par. B-11g). High 60 Hz ripple is often due to failure in one of the
rectifier circuits. Measure the operating voltages under the conditions specified in the main
schematic (FIG. 6-3).

IT supply does not function in one of the remote programming modes, disconnect all external

components and reconnect internal reference and the voltage control. The following paragraphs refer to

the instrument as a power supply, rather than an amplifier in order to simplify fest setups and
measurements,

I the power supply is basically functioning, but poor performance is avident, inspect the test setup to

make certain the source of the trouble is not external.

Excessive output variations in any of the operating modes are usually tracesble to incorrectly connected

loads or faulty measurement technigues. Perform measurements as described in Paragraph 5-13 and

foltow the connecting diagrams,

Oscitlation of the output voltage or output current is often due to a load with a large inductive

component. Twisted load wires of sufficient diameter and held as short as practical, are often the

solution to the problem, if lag network adjustment does not correct the trouble {Refer to par. 5-7).

512 KEPCC Field Engineering Offices or the KEPCO Repair Department will be available for consultation or
direct help in difficult service or application problems,

5-13 POWER SUPPLY MEASUREMENTS

514 Measurement of the significant parameters of a power supply is a requirement for incoming inspection,
periodic maintenance, or after component replacement. Since the measurements require special techniques to
insure correct results, suggestions for their performance are given befow:

a)

Required Instrumentation:

1} Constant AC source voltage with provisions for "stepping” the voltage over 2 specified region
(105-125V), a variable autotransformer is generally adeguate, if it is rated to deliver the input
current of the unit under test.

2 Resistive foad, variable, with ON/OFF and SHORTING SWITCH and capsble of dissipating the
full output power of the unit under test.

3) DC voltage moenitor, differential voltmeter, or powsr supply analyzer.

4) Current sensing resistor, for measurements of output effects in the current mode, four-terminal

device,

5} AC ripple monitor, sensitivity better than 1 mV. Ballantine Model 302C, or Hewlett Packard
Model 400H,

B) Optional: Oscilfoscope, vertical sensitivity better than 0.1 mV/om.

FIG. 5-3 shows the proper location of instrument leads when measuring output effects, The principls
governing this method of measurement is simply: DO NOT MEASURE ANY VCOLTAGE DROPS DUE
TO LOAD CURRENT FLOW. This can only be avoided by measuring output effects either directly at
the sensing leads or by the use of four-terminal network., The four-terminal network can be
approximated by the method shown in FIG, 5-3d.

*NOTE: H a transistor checker is not available, transistors may be checked for shorts by means of an ohmmeter.
Check between emitter and collector and reverse polarity of the ohmmeter. One reading should be high,
the other low, the ratio being about 1:4,
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c)

)

5-4

Blg =+

Output effects due to source or lcad variations in the voltage mode.are defined as the amount of output
voltage change resulting from a specified change of AC input source voltage or from a change in load
resistance. The output effects can be expressed as an absolute change AE, or as a percentage in
reference 1o the total output voltage Eqa,;

AEg

Qutput Effect = X 1H00%

Eo
Output effects due to source or toad variations in the current mods are defined as the amount of output
current change resulting from a specified change in AC input source voltage or from a change in load

resistance. The output effects can be expressed as an absolute change Alg, or as a percentage in
reference to the total output current lp,:

Alg
Output Effect = "'T" X 100%
0

RMS ripple may be monitored on & true RMS reading instrument connected paratiel 10 the regulation
analyzer leads. Careful wire dressing and shielding, as well as good AC grounding are of the utmost
importance if valid measurements are being expected. An oscitloscope may also be used for p-p readings
of noise and ripple. An approximate RMS reading can be calculated from the p-p reading of the
oscilloscope if the reading is divided by three.

TO DIGITAL OR DIFFERENTIAL. TO HGITAL QR DIFFERENTIAL
VYOLTMETER, TQ MEASURE AEO VOLTMETER, TQO MEASURE l:\EG
AS 8115 OPENED OR CLOSED AS 51 1S OPENED OR CLOSED

GROUND GROUND
® @,
— P
ﬂ ik
’ =3 g HE
3 - F5
ﬂ i o
P
o~ a
; . = 5
519 & 15
7 HEAVY-DUTY 7
LOAD Fapmm QUTPUT —
B TERMINALS 8
o LOAD o
HEAVY-DUTY ©
oUTPUT
TEAMINALS
a) OUTPUT EFFECT MEASUREMENT b} QUTPUT EEEECT MEASUREMENT (VOLTAGE}
(VOLTAGE] WITHGUT ERROR SENSING WITH ERROR SENSING AT THE L.OAD

TO DIGITAL CR DIFFERENTIAL
VOLTMETER, TO MEASURE AVRwm

AS 115 OPENED DR CLOSED {___©_______I_
|
i
|

VaMm

Ry TRM ?
¢

¢

QUTPUT EFFECT HEAVY -DUTY

1

2
see s M
i Rs 5

y : .
< e |

: MEASURING TO LOAD ?EAR QUTPUT TEHM{}INA;S
: I Modst Has Rear Binding Post
g INSTRUMENT Loop Wire Arround}
‘ S g 9
HEAVY-DUTY B |
OUTPUT
TERMINALS ©
¢ QUTPUT EFFECT MEASUREMENT .(CURRENT} d} APPROXIMATION OF A FOUR-TERMINAL
NETWORK

NOTE:  Raps should be selected such that its wattage rating
is at least 10 times the actuat power dissipated.
Stability and regulation depend on the stability
of fipy. Recommended T.C. for Ry is 20 ppm.
See Section 1§} for selection of Rg and Rgg.

EIG, 5-2 CONNECTIONS FOR POWER SUPPLY MEASUREMENTS |
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SECTION VI - ELECTRICAL PARTS LIST AND DIAGRAMS

GENERAL

This section contains the main schematic, the parts focation diagrams, and a list of all replaceable eleciricat
parts. All components are listed in alpha-numerical order of their reference designations. Consult your Kepco
Representative for replacement of parts not listed here.

ORDERING INFORMATION

To order a replacement part or 1o inquire about parts not listed in the parts list, address order or inquiry
either to your authorized Kepco Sales Representative or to:

KEPCO, INC,
131--38 Sanford Avenue
Flushing, N.Y. 11352

Specify the foliowing information for each part:

al Model and complete serial number of instrument,

joy

) Kepco part number.

9]

} Circuit reference designator.

d) Description,

To order a part not listed in the parts list, give a complete description and include its function and location.

NOTE: KEPCO DOES MOT STOCK OR SELL COMPLETE POWER SUPPLY SUBASSEMBLIES AS
DESCHIBED HERE ANMD ELSEWHERE 1IN THIS INSTRUCTION MANUAL, SOME OF
THE REASONS ARE LISTED BELOW:

1) Fteplacement of & compiete subassembly is a comparatively rare necessity.

2

Kepco's subassemblies are readily serviceable, since most of them are of the “plug-in”’ type,

<]

Al active commonents are socket mounted, making replacement extremely easy,

4) The nature of z closed-loop power supply system requires that subassembly replacement is
foliowed by careful measurement of the iotal power supply performance. In addition, depending
on the function of the subassembiy, extensive alignment may be reguired to restore power supply
parformance to specified vaiues,

iF REPAIRS INVOLVING SUBASSEMBLY REPLACEMENTS ARE REQUIRED, PLEASE
CONGULT YOUR LOCAL KEPCO REPHESENTATIVE OR THE KEPCO SALES ENGINEERING
DEPARTMENT {N FLUSHEING, NEW YORK, N.Y,
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ABBREVIATIONS UBED IN KEPCG PARTS LIGTS

AY Reference Designators:

Assembly

Biower {Far)
Capacitor

Circuit Breaker
Diode

Device, Signaling (Lamp)
Fuse

Fuse Holder
Integrated Circuit
Jack

Relay

#ooH il

TgoooEe
[N

I

QHES;

=
it

BY Description Abbreviations

A = Ampere

AC = Alternating Current
AMP = Amplifier

AX = Axial

CAP. = Capacitor

CER = Ceramic

CT = Center-Tap

°C = Degree Centigrade
FAD = Fixed

Ge = Germanium

4 = Henry

Hz = Hertz

19 = Integrated Circuit
K = Kilo {10%

m = Mt (10™)

%] = Mega

MFR = Manufacturer
MET. = Matal

n = Mano (1079

NG = Normally Closed
NG = Normaily Open

P = Pleo (1071

PC = Printed Circuit
BOT = Potentiometer
PV = Peak inverse Voltage
n-p = Peak to Peak

ppm = Parts Per Million

PWHR Power

o o | o 2
i K] go

P e
m

pe

DPOT
DPST
ELECT

FiLM
FLAM

RAD
RECT
REG
RECY
RES
RMS
Si
S-End
SPDT
SPST
TAN
TSTR

u
VAR

W,

i

O T | N L B O L I

U T O V1 O - T O T O I T 2 I O T AT O

Inductor
Light-Coupied Device
fdeter

Plug
Transistor
Hesistor
Swiich
Transformer
Terrinal Block
Yacuum Tube
Socket

trect Current

Double Pole, Double Throw
Double Pole, Single Throw
Etectrolytic

Farad

Polyester Fitm
Fiammakle

Degres Farenheit

Radial

Hectifier

Regulated

Recovery

Resistor

Root Mean Sqguare
Silicone

Single Ended

Single Pole, Double Throw
Single Pole, Single Throw
Tantalum

Transistor

Micro (u} {109

Variabie

Yoit

Watt

Wire Wound
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aj; REPLACEMENT PARTS

Kepco LIST
AMPLIFIER BOARD ASSEMBLY (A1), MODEL JQE 55--20{M)} (T) (E} Code 4-2870
SCHEMATIC aTy. DESCRIPTION MFRS. NAME & PART NO. KEPCO
NO. {SEE NOTE} PART NO.
Ay 1 Plug-in Amplifier Kepco 2560013
250-0013
C1 1 Capacitor,Electrolytic,Pigtail Sangamo 117-0716
290 pF, 20V 052FE
Cz 1 Capacitor,Electrolytic,Pigtail Sprague 117-0646
75 uF, BOV 30D756G0050DF2
C34 2 Capacitor,Electrolytic,Pigtail General Electric 117-0512
180 uF, 3V 7802BF 151
Ch 1 Capacitor Mylar Pigtail TRW 117-0316
0.1 uF, 600V XBB3F
C6,10 2 Capacitor Mylar Pigtail Wesco 117-0395
1 uF, 200V 33MM
C7 1 Capacitor,Electrolytic,Pigtail Sprague 117-0647
290 uF, 12V 30D287G012DF2
c8 1 Capacitor, Mylar Pigtail Sprague 117-0353
0.01 uF, 200V 192P10302
Co 1 Capacitor Mylar Pigtail Sprague 1170315
0.05 pF, 200V 192P10302
CR1,6,8 3 Rectifier Silicon, Bridge Pigtait TRW 124-0346
XBB3F
CR29, 5 Zener Diode Transitron 1210028
10,12,13 TN763-1
CR3%,11 2 Zener Diode fnternational Resistance 1210041
TNG21
**CR3 1 Zener Diode international Resistance 121.0062
TNB27
CR4,5 2 Rectifier Silicon Pigtall EDI 1240178
CEC 1000
CR7,14,15 3 Rectifier Silicon Pigtail Semtech 1240133
SE-1
CR16 1 Rectifier Siticon,Pigtail Semtech 124-0028
. S5E-4
#EECRY7 1 Zener Diode International Resistance 121-0041
TN821
Q1 1 Transistor NPN RCA 119-0071
2N3441
Q2.3 2 Transistor NPN M.S. Transistor 1180094
119-0094

*Delsted on modeis with suffix 'T."
**Models with suffix "“T" only.
***Models with suffix “E" only.

NOTE:

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SQURCE FOR THAT ITEM AND 1S LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SQURCES.

KEPCO, INC,
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{kepco) REPLACEMENT PARTS LIST

= b

*Dealeted on models with suffix "
**hiadels with suffix "E” only.

NOTE:

AMPLIFIER BOARD ASSEMBLY (A1), MODEL JOE 55-20{M) {T) {E) Code 4-2870
| MFRS, NAME & PART NO. KEP
SCHENM(QT ¢ ary. DESCRIPTION (SEE NOTE) PARTC;\?O.
04,5 2 Transistor NPN Fairchiid 119-0083
2NB133 B
R1 1 Resistor,Fixed Molded Allen Bradiey 1152402
88 ohm, TW, b% GBB680L
/2 1 Resistor,Fixed, Moldad Allen Bradley T 11604472
1.5 K ohm, 1/2 W, 5% EB1525
R3 1 Resistor Fixed Molded Allen Bradlay 115-0888
560 ohwn, 1/2 W, 5% ERBG1G _
R4 1 Resistor, Variable WW Amphenot Controls Division 1152264
1 K ohm, 1/2W, 10% 2600P-102
15) 1 Resistor,Fixed, Molded IRC 115-2210
560 ohm, 1/4 W, 5% GRYT 1/4
R6 ] Resistor,Fixed,Pracision, M. F. iRC 1152174
10 K chm, 1/4W, 1% CEA
R7 1 Resistor,Fixed,Precision,M. [ IRC 115-2259
750 ohm, 1/4 W, 1% CEA
R8 1 Resistor,Fixed,Precision M.F, Tepro 115-1301
5.7 Kohm, TW, 1% TS-1W
RS9 1 Resistor,Fixed,Precision M.F. Tepro 115-1936
21G ohm, TW, 1% TS-TW
R10 1 Resistor, Fixed M.G. IRC 1152012
82 K ohm, 1/4W, 5% RG 1/4
R11 1 Resistor,Fixed, Molded Allen Bradley 11560808
3.9 K ohm, 1/2W, 5% EB3825
R12,26 2 Fesistor,Fixed,Molded Allen Bradley 1150340
1 K ohm, 1/2W, 5% £B1025
*R13 1 Resistor, Fixed M.G. IRC 115-2379
1.3 K chm, 1/4'W, 5% RG 1/4
**R14 1 Resistor, Variabie, Trimpot,Cermet Bourns 116-2399
100 K ohm, 3/4 W 3000P-1-104
*R1b ] Resistor,Fixed, Precision M. F, IRC 115-2301
40,2 K ohm, /AW, 1% CEA
**R15 H Resistor,Fixed,Precision, M.F, IRC 1152174
10 K ohm, 1/4 W, 1% CEA
R16 1 Resistor, Variable, Cermet Bourns 115-2388
500 ohm, 3/4 W, 10% 3008P-1-501
R17 1 Resistor,Fixed, Molded 1RC 1165-2273
47 ohm, 1/4 W, 10% GBT 1/4

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUGE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING

REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES.

KEPCQ, INC,
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kepco: REPLACEMENT PARTS LIST
AMPLIFIER BOARD ASSEMBLY {A1), MODEL JOE 55-20(8M} {T} (E) Code 4-2870 )
MFRS. NAME & PART NO. KEPCO
SCHE&OA;TEC ary. DESCRIPTION s ISEEENO?E) PART NO.
R18 1 Resistor, Fixed Molded 1RC 116-2237
47 K ohm, 1/4 W, 10% GBT 1/4
R19 1 Resistor, Variable,Cormet Bourns 115-2393
20 K ohm, 3/4 W, 10% 3009P-203
R20 1 Resistor,Fixed M.G. IRC 115-2268
_ 6.2 K ohm, 1/4W, 5% RG 1/4
Rz1 1 Resistor, Fixed Moided IRC 115-2276
12 K ohm, 1/4 W, 10% GBT 1/4
K23 1 Resistor, Fixed Molded IRC 116-2317
27 ohm, 1/4 W, 10% GBT 1/4
R24 1 Resistor,Fixed, Molded Alien Bradley 115-0020
12 K ohm, TW, 10% GB1231
R25,27 2 Resistor,Fixed,Molded IRC 1152230
10 chm, 1/4 W, 10% GBT 1/4 '
128 1 Resistor,Fixed Molded Alien Bradlay 11b-1167
1.2 K ohm, 1/2 W, 5% EB1225
*R29 1 Resistor,Fixed,Precision, M. F. IRC 116-2259
750 chm, 1/4 W, 1% CEA
*R30,31 2 Resistor,Fixed,Precision M.F, IRC 115-2380
43.2 K ohm, 1/4 W, 1% CEA
R34 1 Resistor,Fixed Pracision M. F, Tepro 11562177
210 ohm, 1/4 W, 1% TS-1W
R38 1 Resistor,Variable,Cermet Bourns 115-2397
10 ohm, 3/4 W, 10% 3009P-1-100

*Maodels with suffix “E’ only.

NOTE:

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SOURCE FOR THAT ITEM AND 1§ LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REFLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES.

KEPCO, INC,

6-7/6-8
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(k_epcg- REPLACEMENT PARTS LIST
MAIN CHASSIS AND FRONT PANEL ASSEMBLY {A2), MODEL JQE 55-20(M} (T} (E} Code 4-2870
SCHEMATIC arty. DESCRIPTION MFRS. NAME & PART NO. KEPCO
NO. (SEE NOTE) PART NO.
FRONT PANEL ASSEMBLY CONTAINS:
CB101 1 Circuit Breaker Heinemann 1270273
JAZABAS
*DSI1o 1 Pilot Light Assembly industrial Devices 152-0087
Glo-Dot 2100
*M101% 1 Meter Honeywell 135-0452
0—-20A d-¢ Model 504
*M102 1 Meter Honeywell 135-0408
060V d-¢ Model B04
R101 1 Resistor, Variable, Composition C.T.5. 115-2268
2 K oohm, 12 W, 30% VA-AL
R102 i Rusistor, Variable W Bourns 1152181
60 K ohm, 2 W, 5% 360751603
*$102,103 2 Switch Stackpole 1270254
88-72-1
*Metered models only.
B201,202 2 Motor Howard [ndustries 148-0027
23112
C201,202,203, & Capacitor Electrolytic,Can General Electric 117-0730
204,200,206 5.2 K uF, 100V B6GF 100M|
C207,208 2 Capacitor Mylar Pigtail Sprague 117-0353
.01 uF, 200V 192P 10302
C209 1 Capacitor Electrolytic,Can General Electric 117-0774
7.3 K uF,75Y 86F 500 Series
CR201,202 2 Rectifier Sthicon Stud international Rectifier 124-0354
A0HF20
*CR203 1 Rectifier, Siticon,Controlied International Rectifier 124-0358
40RCS10
CR204 H Rectifier Siticon Pigtail Semicon 124-0348
. 5-bA4
L201 1 Choke Kepco 100-1878
100-1876
R201 H Resistor,Fixed Power,Axial Tepro 1156-0082
7.5 ohm, BW, B% TS-BW
R202 1 Resistor, Fixed Power Strip Tepro 115-0304
1 K.ohm, 1T0W, % TS-10W
R203 1 Resistor,Fixed, Power, Shunt Tepro 115-2333
0.02% ohm, BO W, 1% TMEK-50W
RB204,206 2 Resistor,Fixed, Power, Ribbon Kepco Magnetics 115-2474
8.5 ohm, 750 W, b% 115-2474
T201 1 Transformer Kepco Magnetics 100-1828
100-1828
1202 i Transformer Kepco Magnetics 100-1865

*Maodels with sutfix “VP" only,

NOTE:

100-1865

REPLACEMENT PARTS MAY BE OADERED FROM KEPCC, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND GESCRIFTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH 1TEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SCURCE FOR THAT ITEM AND IS LISTED SQOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SCURCES.

KEPCO, INC,

FAOMRIN
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-:jkepcqjg REPLACEMENT PARTS LIST

------------

PASS ELEMENT ASSEMBLY (A3}, MODEL JQE 55—-20(M} (T} (E)_ Code 4-2870
MFRS. NAME & PART NO. KEPCO
SCHEQA(;TIC ary. DESCRIPTION " (SEE NOTE} PART NO.
C301 1 Capacitor Mylar Pigtail Sprague 11746363
0.1 uF, 200v 192P104492
CR301 ] Rectifier Silicon Pigtail Semtech 124-0133
SE-1
Q301,302 ,303, g Transistor NPN RCA 110-0070
304,305,306, 2ZN3442
307,308,309
0310 1 Transistor NPN RLA 119-0071
2N3441
R301,302, 8 Resistor Fixed,Power Axial Tepro 115-0450
303,304,308, 0.2 ohm, 3W, 3% T5-3C
307,308,309
R306 H Resistor, Fixed, Molded Allen Bradley 115-0980
47 ohm, 1/2 W, B% EB4T05
R310 1 Resistor,Fixed Molded Alten Bradley 1150019
470 chm, 1/2 W, b% EB4715
R311 1 Resistor, Fixed Molded Allen Bradley 115.0647
1 K ohm, 1/2W, 10% EB 1021
R312 1 Resistor, Fixed Molded IRC 1156-2230
10 ohrn, 1/4 W, 10% GBY 1/4
5301 1 Thermostat Stemco 127-0248
110486
NOTE:

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION,

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING

KEPCO, INC.

AEPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SQURCES.

A e
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(kepcoO: REPLACEMENT PARTS LIST

-
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*VOLTAGE PROTECTOR ASSEMBLY (A4), MODEL JQE 55-20(M} {T} (F) (VD) Code 4-2870
SCHEMATIC | qry, DESCRIPTION MFRS. NAME & PART NO. KEPCO
NO. {SEE NOTE) PART NO.
C401 1 Capacitor Electrolytic, Pigtail Sangamo 1170706
10 pf, 40V 062FE141W0408
C402 1 Capacitor Mylar Pigtail TRW 117-0315
8,05 uF, 200V XB6B3F
€403 } Capacitor, Variable Arco 117-0637
80-480 pF, 176V PC46
C404 i Capacitor Mylar Pigtail TRW 117-0552
0.0068 pF, 200v XBB3F
CR4AOT 1 Rectitier, Silicon Bridge Pigtail Varo 126-0346
VE-28
CRA02 1 Rectifier Controlled Silicon (SCR) Motorola 124-0349
2N44A41
CR403 i Zener Diode Transitron 121.0060
TNT746A
CR404,406 2 Zener Diode Transitron 121-0028
1NT7631
CH405 1 cener Diode Maotoroia 121-00567
IN30G248
Q401,402,403 3 Transistor NPN General Electric 118-0056
2NB36A
R4G1 ] Resistor, Fixed Power Axial Hardwick Hindle 1156-0604
0.5 ohun, 3W, 5% 9/166A-46-0.5
R402 1 Resistor,Fixed, Molded iKC 115-2230
18 ohm, /4w, 10% GBT 1/4
R403 i Rasistor, Fixed Molded Allers Bradley 115-0882
336 ohim, 2 W, 5% HB3305
R404 1 Resistor, Fixed, Molded IRC 115-2231
100 otun, /24 W, 10% GBT 1/4
R405,408,413 3 Reasistor, Fixed Molded IRC 1152238
1 Kohm, 1/4W, 10% GBT 1/4
R406 1 Resistor, Fixed Precision M.F, IRC 1152178
1.1 Kohm, 1/4 W, 1% CEA
R407 1 Resistor, Fixed,Precision M_F, iRC 116-2175
6.04 K ohm, 1/4W, 1% CEA
R409 - 1 Resistor, Fixed,Procision M_F, IRC 1152179
' 3.92 K ohm, 1/4 W, 1% CEA
R410 1 Resistor, Fixed, Precision M.F. IRC 115.2178
1.5 K ohm, 1/4W, 1% CEA
R4t i Resistor, Fixed Precision M.F, iRC 116-2177
' 210 ohm, 1/4 W, 1% CEA
R412 1 Resistor,Fixed,Precision,M.F. IRC 115-2174
10 K ohn, 1/4 W, 1% CEA
R414 1 Resistor, Variable, Trimpot WW Amphenot Controils Division 1152267
20 K ohm, 1/2 W 2600P-203
R41% 1 Resistor, Variable,Cermaot Bourns 116-2404

1 megobn, 1/2 W, 10%

*Not used in models with suffix "HS" {High Speed),

NOTE:

3009P-1-202

AREPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBEA AND DESCRIPTION,

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR £ACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SOURCE FOR THAT ITEM AND S LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIFMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES.

KEPCO, INC,

Doyl
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NOTES:
L COMPONENTS SHOWN IN DASHED LINES
ARE FOR MODELS WITH SURFIX "E" ONLY,
AND RIZ 1S NOT USED IN THESE MODELS
2. LAG ADJ LIR36,Ci0) AND LAG IL(RI6,C2,013}
NOT ON ALL MODELS, SEE MAIN SCHEMATIC.
3.CRI9 NOT USED ON ALL MODEL,
SEE MAIN SCHEMATIC.

a} AMPLIFIER {Al) ASS'Y

CRaCz

b} VOLTAGE PROTECTOR {A4] ASS'Y

FiG, 6-2 COMPONENT LOCATION, AMPLIFIER AND VP ASSEMBLY

6-18 JQE-Full/22-70





