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a) MODELS WITH LESE
THAN 15A DC OUTPUT CURRENT

) MODELS WiITH MORE
THAN 15A RC QUTPUT CURRENT

FIG. 1-1 JOE HALF—RACK POWER SUPPLY, TYPICAL FRONT VIEWS
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a) MODELS WITH LESS
THAN 26/ DC OQUTPUT CURRENT

B} MODELS WITH 25A DC
AND 45A DC QUTPUT CURRENT

FIG 1-2 HALF-RACK POWER SUPPLY, TYPICAL REAR VIEWS
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SECTION | — INTRODUCTION

1-1  SCOPE OF MANUAL

12 This manual contains instructions for the installation, operation and maintenance of the Kepco JOE
“HALF-BACK" Series of Power Supplies.

13 GENERAL DESCRIPTION

1-4  Kepco Series JOE Power Supplies are general purpose, precision regulated voltage sources in the "half rack”
configuration. JOE Power Supplies featurs full range voltage control and current limit adjustment by means of
multi-turn front panel controls. JOE power supplies have linear, full-dissipation series-regulators (NPN) driven
by an integrated circuit operationat amptifier. A sharp current-limit circuit renders the power supply
completely short-circuit proof. JOE power supplies may be readily converted to provide constant current by
the addition of an external sensing resistor and a “current control.” The output of the JGE powsr supply is
completely programmalzle. All necessary connections are available on terminals at the rear barrier-strip,

1-5  The compact design of the Kepco JOE "HALF-RACK' Series was made possible by a unique heat sink design
of exceptional efficiency in combination with highly reliable low-noise fans. JOE power supplies feature
all-silicon design with conservatively rated components for added retiability.

-6 JOF power supplies are identical in their mechanical dimensions (Refer to FIG. 1-3) and in their eiectrical
specifications, except as noted in TABLE 1-1.

1.7 OPTIONS. Optional features of Kepco Power Supplies are indicated by a letter foliowing the modei
designatior: _
al JOE Power Suppliss with suffix ""E™ are equipped with an "Ejgp Null”” adiustment, which allows exact

zero calibration for precision programming applications. :

b} JOE Power Supplies with suffix “M" are equipped with two dual range panel meters which permit
simultansous monitoring of the output voltage and output current. Meter range-switches allow for full
scale reading of either 10% or 100% of the voltage and current outputs,

o JOE Power Suppties with suffix " T have special references which improve the temperature coefficient
of the supply (see paragraph 1-11 for specifications).

d} JOE Power Supplies with suffix VP are equipped with an overvoltage protector. This electrical
“crowbar” shorts the outpul through a siticon controlied rectifier (SCR} if the output voltage exceeds a
preadjustable limit on the protector {see paragraph 1-12 for specifications).

e} JOE Power Supplies with suffix "Y' are equipped with a separate control-amplifier and additional
programming terminals for ramote control of the output current. Option "E™ is included with the "'Y"
option models,

1-8  The main chassis frame of the power supply is constructed from cold-rolled steel, as is the perforated
wrap-around cover. Front panel material is aluminum (Refer to FIG. 1-3 for finish).

19 ACCESSORIES
al RACK ADAPTOR (FOR TWO UNITS: KEPCO MODEL RA 24, Fits standard EIA rack dimensions,
o} FILLER PANEL, to cover empty slot if RA-24 is used for one unit only: KEPCO MODEL RFP 24--2.
c} RACK ADAPTOR PANEL: KEPCO MODEL RAP 24-2J for installing meterless modeals into RA 24,
di RACK ADAPTOR (FOR ONE 1/2-RACK UNIT AND THREE 1/6 RACK PLUG-in MODELS}, KEPCO

MODEL RA—32.

1-10 SPECIFICATIONS, GENERAL

al AC INPUT: 105 to 125V AC or 210 to 250V AC (selectable, refer 1o SECTION 1}, 50 to 65 Hz,*
single phase. Refer to the table of general specifications (TABLE 1-1) for the AC input current for each
model. Approximate power factor: 0.9,

b} OPERATING TEMPERATURE RANGE: (-}20°C w0 (+)71°C {without derating of the autput
*Consult factory for operation on power line freguencies above 65 Hz.

JQE ¥2/3-75 1-1
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¢l  STORAGE TEMPERATURE: —40°C to (+)85°C.

di COOLING: High efficiency, singie bearing fan, {permanently lubricated) with spscial low noise
non-metal blade.

e} ISCLATION: A maximum of 500 volts {DC or p-p) can be connected between chassis and either output

terminal. The common mode current from cutput to ground is tess than 5 micro amps rms, or 50 micro
amps peak to peak at 1156V AC, 60 Hz.
1-11 SPECIFICATIONS, ELECTRICAL
a). Refer o TABLE 1-1and 1-2.

T MAX
INPUT

de QUTPUT OUTPUT IMPEDANCE AMPS

MODEL RANGE VOLTAGE MODE CURRENT MODE 3} [at 125
VOLTS | AMPS de OHMS + SERIES L| dc OHMS + SHUNT C | V ac

JOE 622 0—6 022 14 k) + 05 uH 23kfl + BBkUF | 42
JCE 645 06 G—45 7@kl + 05 pH 1tkil + BkuF! 90
JOE 1512 015 & 012 63 sl + 0.5 M 42k} + 300 pr 40
JOE 1525 015 | 0-25 30 usl + 0.5 UH 20k$) + 48 kufF| 84
JOE 7510 025 | 0-10 125 ufd + 0.6 uH 50 kSl + 24kuF| 63
JOE 25--20 0-25 | 0-20 63 us2 + 05 uH 25k§2 + 43 kuF | 105
JOE 36-8 0-36 | 0-8 225 uf) + 65 uH [ 625ki2 + 14xuF| 60
JQE 36—15 0—36 ; 0-15 120 uf) + 0.5 uH 33kl + 3BKuF] 95
JOE 56—5 0-55 @ 0-5 550 u{ + 1 pud | 100kE) + 850 uFi 50
JOE 55—10 0-55 [ 010 2765 ufl + 1 uH 50K+ 2.1kuF . 90
JOE 75-3 0-75 | 0~3 1.25mil + 1 un | 166kE2 + 850 uF | 4.0
JOE 758 0-75 | 0-8 4608 + 1 pH 1 626kI + 12kufF | 100
JQE 100~2.5 0—100 | 0-25 2mfl+ 1 pH | 200kf + 600 WF| 45
JOQE 100-5 0—100 | 0-5 125m&2 + 1 ud | 100kl + 800 urF| B84
JOE 150-1.5 0-150 | 0-15 Emil+ 2 pH | 330k + 440 uF | 486
JOE 150-3.5 | 0-150 | 0-3.5 22m8l + 2 uH | 140kE} + 440 pF| 87

NOTE: Specifications for metered modets (suffix "'M') are identical.

TABLE 1-1 JQE (% RACK) GROUP, SPECIFICATIONS

NOTE: Kepeo has sdopted new technical terms recommended by the International Etectrotechnical Commission {IEC). These terms
replace of supplement previously used expressions to avoid difficulties in transtation and prevent erroneous interpretations at
home and abroad,

In this instruction manual, Kepeo discontinued the use of the specifications entitted 'line regulation” and "toad reguiation.”
instead, Kepeo wilt follow the recormmendation of the 1EC and spesk of the "Qutput Effects, caused by changes in the
infiuence Quantities.” The "Output Sffects” are specified either as e percentage change referred to the maximarn specified
output votage {Eql or current {ig) or as an absohute change {&EO, Aio} directly in mitlivolts or milliamperes or both. The
“Influence Quantities” are the “Source Variations” (formerly ac line variations), the "Load Variations” {formerly load
regulation}, the “Temperature Variations” {no change, still specified as a coefficient) and the “Time Variations” (formerty
stability). The ittustration below will clarify the use of the new terminology.

INFLUENCE QUANTITIES

1) SCURCE VARIATIONS

2y LOAD VARIATIONS

3} TEMPERATURE VARIATIONS
4y TIME VARIATIONS

AC INPUT SOURCE (FORMERLY "AC LINE"

POWER SUPPLY
UNDER Eoor Io LOAD
TEST @ 3

P

ouTrPUT EFFECTS (A, Alg)

1} DUE TO SOURCE VARIATIONS = SOURCE EFFECT . . . .. ... (formersy LINE REGULATION}
2} DUE TO LOAD VARIATIONS = LOAD EFFECT ... « -« - . . . {formeriy L.OAD REGULATION)

3) DUE TO TEMPERATURE = TEMPERATURE COEFFICIENT, (COEFFICIENT, NO CHANGE)

4y DUE TO TIME = DRIFT oo i o e o .. (formerly STABILITY)

1-7 JQE /375
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1} VOLTAGE BEUUVERY {IVIED {Tor step load current, <.buU psec.

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

OUTPUT EFFECTS AMPLIFIER OFrseTst
INFLUENCE QUANTITY VOLTAGE MODE CURRENT MODE VOLTAGE CURRENT REFERENCE
AE, Aty AE, M, 8.2V £5%

SOURCE: 105-125/210—250V a-¢ <0.0005% <0.005% <10V | <ZnA 0.0001%
LOAD: No load — full load <0.008% or 0,2 mv Y <0.01% <200V | <5 nA —-
TIME: 8-hours [drift] <0.01% or 1V Y <0.02% <20 W <2 nA 0.005%
TEMPERATURE: Per°C <p01% @ <0,02% 4 <20 uV <6 nA (.005%
R o 5 | <02mV <0.02% of |, max - - -

{Ripple and noise) <10 mV <0.1% of 1, max - - -

(1 Whichever is greater.
(2} Models with suffix T have 0.005% and 0.01% per °C Temperature Coefficients in the Voltage and Current Mode respectively.

3) current Mode Qutput Effects (Alo) are measured across the external sensing resistor, This resistor must be a high quaiity,
wirewound unit, with a wattage at least 10 times the actual power dissipated, have a Temperature Coefficient of 20 parts per
rillion or better and drop a sample voltage of 1.0 volt at the measuring current, A resistor buit as 8 4-terminal network is
recommended. Current control is exercised with an external 20 PPM feedback resistor,

) O#fsets and the reference contribute to output effect AE , by the equation AE, = ZAE or (RF/R;} 2AE jp 11+ RFR) £l (Ry)
where Ry is the feedback resistor and R; is the input resistor from the signal reference. Use the offsets to calculate output effects
when external input/feedback elements are substituted for the internal reference and voltage control in special applications.

{5 Valid with one output terminai grounded or connected so that the common made current {see par. 1-10e) does not flow through
the load or {in the current mode} through a sensing resistor).

8) 50 Hz 10 10 MH2.
TABLE 1-2 JQE {4-RACK) ELECTRICAL SPECIFICATIONS
1-12 SPECIFICATIONS, PERFORMANCE

al VOLTAGE CONTROL CHANNEL.

1 LOCAL QUTPUT VOLTAGE CONTROL™ 10-turn precision rheostat at the front panel,
resolution: 0.08% of the maximurm ratad output voitage (Eq max ). Controls output voltage from
zero to B max.

21 REMOTE QUTPUT VOLTAGE CONTROL. Externat control can be exercised by resistance
{1000 ohms per volt of output), or by a contro! voitage {refer 1o Section 111 for details}. Controi
is “operaticnal,” with the JOE functioning as a unipolar power amplifier {plus output terminal
commond.

3 OFFSETS: JOE models with suffix "B and with suffog 7Y have provisions to zero the initial
Istatic) offset voltage. The output effects resulting from the offset variations sre specified in
TABLE 1-2. The total output effects {worst case} may be caltculated from the refatonship:

AEy = £AE, (RE/R;) & A (1 + Re/Ri) £ Aljg Ry

where: ALy = total cutput voltage variation
AE, = Change in reference or input voliage

Ry = Internal voltage control or external feadback resistor

R, = Input or reference resistor

AEjq, Ao = Tabulated offset variations
4) GAIN: The open toop gain of the voitage control channe! is greater than 05 X 10% valts per volt,
5j REFERENCE: 8.2 volis nominal, positive with regpect to common {+ QUTPUTY, 1 mittiampere

maximum,

6) REMOTE ERROR SENSING: Rear terminats orovide for connection of arror sensing leads
directly at the load. The four-terminal toad connection compensates tor the voltage drop along
the ioad wires. Up 10 0.5 volt per foad wire can be compensated using remote sensing. The supply
output voltage is one volt greater than normally specitied for this purpose,

b} CURRENT STABILIZATION,
i LOCAL QUTPUT CURRENT CONTROL*: 10-turn precision rheostat at the front panel,
controls the current limit Trom 10% to 105% of the rated cutput current {ly).

*Knob controtled on all metered maodels (suffix "M} Locking type screwdriver
cantrols an unmetered models,

JOE 12/3-75 1-3
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2} REMOTE QUTPUT CURRENT CONTROL: Swmndard JOE models do not have provisions for
external control of the current Hirmit JOE models with suffix Y " have an additional current
control channel. Separate rear terminals are provided, permitting externat control (by means of
an external control potentiometar or a control voltage) over the current limit function. The
control voltage may be derived across the built-in reference voltage by means of a voliage divider
circult, or an independent control voltage from a separate programming source gan be used
{Kepeo SN Programmer, for examplel. JOE models with suffix "Y' have a special addendum
section at the rear of the instruction marnual. 1t containg directions for the operation of the
current programming function,

3 REMOTE CURRENT CONTROL USING THE YOLTAGE CONTROL CHANNEL: The voliage
control channal of the JOE power supply may be used for the precision control of the output
current, Using an external current sensing resistor and current control rheostat, the voltage
channet is reconnected (by means of the rear barrier terminals), to sense the drop across the
external resistor in the positive cutput lead. The current range achievable is approximately from
1 milliampere 10 100% | for standard models and from 1 microampere to 100% 15 for models
with suffix "B {see Saction Hi for turther detalls)

DYNAMICS,

1 VOLTAGE RECOVERY FOR STEP-LOAD CURBENT: The time required for the stabilized
autput voltage 1o recover within the load effect band {or 2 mV, whichever is greater) is less than
50 microseconds,

2} CURRENT RECOVERY FOR STEP-LOAD VGOLTAGE: The time required for the stabilized
output current to recover within the load-effect band is governed by an (exponential) RC time
constant, where "R’ represenis the {oad resistance and "E” s the tabulated {TABLE 1-1} shunt
capacitance.

o

3 PROGRAMMING SPEED: The rate at which the JOE power supply responds to a step-program is
determined by the setting of the current limit control, the value of the load resistance and the
tabulated {(TABLE 1-1) shunt capacity.

4) QUTPUT IMPEDANCE (See Table 1-1) The DC and low frequency value is given by the
tabulated (Table 1.2} load effects. With increasing frequency, the output impedance becomes
asymptotic 1o the sbulated (Table 1-1) series inductance (Voltage Mode} or shunt capacitance
{Current Mode].

d) GENERAL.

1} SERIES/PARALLEL OPERATION: JOE models may be operated in serigs or paraliet modes of
operation and can be interconnected for “Master—Siave” tracking. NOTE: JOE MODELS WITH
OPTION VP (BIHLT-IN CROWBAR)} CANNOT BE PARALLELED SEE SECTION 111 FOR
FURTHER INFORMATION,

2} CROWBAR SPECIFICATIONS (MODELS WITH SUFFIX “VP"): The electronic “crowbar’
circuit consists of a sificon controlled rectitier (SCR) and & sensing amplifier. The power supply
output Is shorted by the SCR if the ourput voltage exceeds a pre-adjustabie Himit,

Adjustable Limit Range: 3 volts o B4 max.
Triggering Time: 510 microseconds, with adjustable delay 1o minimize false triggering.

Threshold: Limit paint may be set to within 5% of E5 or 0.25 volt, whichever is greater. The
initial setting should account for a 2% of Eg warmeup settling effect.

Crowbar Temperature Coefficient: 0.05% of Eg per °C.
1-13 SPECIFICATIONS, MECHANICAL

al DIMENSIONS AND FINISH: Please refer 10 the "Mechanical Quttine Drawing,” FI1G. 1-3.

) METERS (MODELS WITH SUFFIX "M} Two dual-range {100% and 10% of Lg max. and g max),
) 2-inch recessed panel meters, 3% of full scale accuracy. For output voltage and current monitoring,

c) BAIL. A retractable "bail” is provided for convenient bench operation of the JOE power supply.

1-4 JQE 12/3-75
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o

HESES ARE N MILLIMETERS,
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C) ALL OTHER DIMENSIONS:

FIG. 1-3 MECHANICAL QUTLINE DRAWING

JQEaM-H 6-75
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SECTION Il — INSTALLATION

21 UNPACKING AND INSPECTION

2-72  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 outtined in paragraph 2-8 below. If any indication of damage is found, file an immediate
claim with the responsibie transport service,

2-3  TERMINATIONS

al FRONT PANEL: Refer to FIG. 2-3 and TABLE 2-2.
b} REAR: Refer to FIG. 2-4 and TABLE 2-3.
c} INTERNAL ADJUSTMENTS AND CALIBRATIONS: Refer to FIG, 2-1 and TABLE 2-1.

REFERENCE ADJUSTMENT
DESIGNATION CONTROL PURPOSE PROCEDURE
C403* Delay Adjust Adiusts Delay Time of VP par, 3-8
R4 tp Adjust Controi Current Calibration par, 3-12
R14* Eje Null Adjust Output Voltage Precision Zerc par, 3-12
R16 k38 t.ag Adjust AC Stability Adjustment par, 5-4
A1 lo rmax. Adjust Current Limit Control Cal, par, 5-4
R414* V Limit Adjust (Fine} Adiusts Output Veltage Limiting par, 2-8
R416* VoLimit Adjust {coarse) Adjusts Qutput Voltage Limis par, 2-8
Lo it

*NOTE: Optional controls, see paragraph 1-7.
TABLE 2.1 INTERNAL ADJUSTMENTS

Ri4, Ejo NULL {OPTION}
R4, T ADJ

RIS, LAG IL

R36, LAG L

R414 | LEVEL
R4i5) ADJ.

€403 RIS, Io MAX.
DELAY ADJ.
VOLTAGE PCB.
PROTECTOR
(CPTION)

FIG. 2-1 LOCATION OF INTERNAL ADJUSTMENTS (NOT APPLICABLE TO "~HE"” MODELS}

JQEY:/26-69 2-1
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24 AC INPUT REQUIREMENTS

25 This power supply is normally supplied for operation on a single phase, nominal 115V AC line. For conversion
to 230V AC line operation, refer to FIG, 2.2, Remove the two wire jurmpers between transformer terminals
indicated. Re-connect one (1} jumper between terminals indicated, Do not change any other wiring on the
transtormer. Change main fuse value (F201} to 1/2 its former rating.

E! . FOR MODELS:
2 _x—,:,J JQE 6-45(M}

@ JGE 15-25(M)
3 ONE JUMPER (3-4)

TWO JUMPERS (2-3) (5-6) <] v la FOR 230 VAC
FOR 116 VAC \
5| (REMOVE 115 VAC
5 JUMPERS})
(REMOVE 230 VAC JUMPE RS)
0~ -
L ‘ JQE HALF- RACK PARTIAL SIDE VIEW l_
1 1. FOR ALL OTHER
/ 2 ==| 1/2RACK
TWO JFUOi\gPEB__S (1-2) (3-4)<]] = ONE JUMPER (2-3) $QE MODELS
115 VAC \ 3| FOR 230 VAC

4

D5 {REMOVE 115 VAC

D JUMPERS)
&

{REMOVE 230 VAC JUMPERS) Lo
O
1 . JQE HALF- RACK PARTIAL SIDE VIEW 34.

FIG. 2.2 CONVERSION TO 230V AC LINE OPERATION

26 COOLING

2-7  The power transistors and rectifiers in this power supply are maintained within their operating temperature
range by means of a high efficiency heat-sink assembly, cooled by an internal fan. SIDE PANEL OPENINGS
AND THE TOP OF THE CASE MUST BE KEPT CLEAR FROM OBSTRUCTIONS TO INSURE PROPER
AR CIRCULATION, Periodic cleaning of the interior of the power supply is recommended. 1 the power
supply is rack mounted, or installed into confined spaces, care must be taken that the ambient temperature
does not rise above the limit specified (Refer 1o Section 1},

2-8 PRELIMINARY CHECK-OUT

2-8 A simple operating check after unpacking and before permanent installation is advisable, to ascertain whether
the power supply has suffered damage resuiting from shipment, Please refer to FIGS. 2-3, 2-4 for the location
of the operating controls and output terminals.

a} Connect power supply to 118V AC line or refer to paragraph 2-4 for 230V AC operation if reguired.

b} Turn CURRENT LIMIT CONTROL full clockwise. Turn VOLTAGE CONTROL fully counter
clockwise. Both, VOLTMETER RANGE™ and AMMETER RANGE® switch shouid be in the "x1”
position.. :

cl Turn AC POWER SWITCH “on”. The AC PILOT LIGHT* should be energized. Slowly turn VOLTAGE
CONTROL clockwise and observe the gradual increase of the output voitage. Turn counter clockwise
again until about one tenth of the maximum output voltage is reached. Set VOLTMETER RANGE
switch® 1o the "x0.1" positions.** The VOLTMETER®* should now read full scale again. Turmn AC
POWER SWITCH "off",

*ACmpi!ot tight, range switches and metering provided on models with suffix “M'" only. Connect appropriate
extarnal metering to meteriess models.
** See note following paragraph 2-e,

22 JQE Y2/26-69
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i
/
{
ON VOLTAGE | lumiT ) @
OFF ']"——F O Q GRD
()

FIG. 2-3 FRONT PANEL CONTROLS AND TERMINATIONS, HALF—-RACK JQE MODELS

CONTROL OR
NO. TERMINATION FUNCTION

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

2 AC PILOT LIGHT ENERGIZES WHEN AC POWER IS “ON”

3 VOLTMETER MONITORS GUTPUT VOLTAGE, O-Eo max.

4 AMMETER MONITORS QUTPUT CURRENT O-Ig, max.

5 CURRENT LiMIT CONTROL ADJUSTS CURRENT LIMIT EROM O-105% I, max.

6 VOLTAGE CONTROL ADJUSTS OUTPUT VOLTAGE FROM ZERO TO Eg max.

7 METER RANGE SWITCH, MAY BE SET TC FULL SCALE READING OF MAXIMUM OR
AMPERE 110 QUTPUT

8 METER BANGE SWiTCH, MAY BE SET TO FULL SCALE READING OF MAXIMUM OR
VOLTS 1/10 OUTPUT

9 FRONT OUTPUT TERMINALS | FOR LOAD CONNECTION (ON MODELS WITH 15A DC OUTPUT

AND LOWER ONLY}

TABLE 2-2 CONTROLS AND TERMINATIONS,HALF~RACK JOE MODELS,FRONT

JQERM/26-69

www.valuetronics.com



C—+—o0

KEEF CI
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|
!
3

G
e

—

ol

a} MODELS WITH LESS THAN 25A DC QUYPUT CURRENT

FIG. 2-4 REAR TEAMINATIONS, HALF-RACK METERED MODELS

NO. TERMINATION FUNCTION

1 {—j ouTeUT FNEGATIVE LOAD TERMINAL WITH GROUNDING POST

Z +) CUTPUT *POSITIVE £OAD TERMINAL WiTH GROUNDING POST

3 REAR BARRIER STRIP PROGRAMMING AND MONITOR TERMINALS:
(1 (+} QUTPUT MONITOR
(2} (+) ERROR SENSING
{31 (—) OUTPUT MONITOR
{4} (—} ERAOR SENSING
5} INTERNAL VOLTAGE CONTROL
()  NULL JUNCTION {AMPLIFIER INPUT}
{7} REFERENCE RESISTOR
8} REFERENCE VOLTAGE
(%) REFERENCE RESISTOR

4 CHASSIS CONNECTION | *FLOATING GROUND LEAD TO GROUND
EITHER {+} OR{--} OUTPUT VIA GROUND POST

5 AC INPUT IWIRE SAFETY LINE CORD

TABLE 2-3 REAR TEAMINATIONS, HALF-RACK METERED MODELS

*MODELS WITH LESS THAN 25A DC OUTPUT CURRENT {F1G. 2-4a) DO NOT HAVE
GROUNDING POSTS. THE CHASSIS CONNECTION ON THESE MODELS IS A
TERMINAL INSTEAD OF A FLOATING GROUND LEAD,

www.valuetronics.com

b} MODELS WI'TH 25A DC AND 45A DC OUTPUT CURRENT
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) {Models suffixed "-VP" only} Check the "crowbar” action of the overvoltage protector by first
adjusting the VOLTAGE CONTROL to sbout one guarter of the rated output voltage. Locate the
“Mimit adiustments {R414,415 refer to FIG. 2-1} and turn the “Coarse”™ adjustment {R415] slowly
counter clockwise until the output voltage gosas suddenly 1o zero as ovserved on the panel meter. Turn
AC POWER SWITCH "off”. Turn the coarse “Viimit' control (R415) fully clockwise again.

el Place a short circuit across the output.® Turn CURRENT LIMIT CONTROL counter clockwise. Turn
AL POWER SWITCH “on’. Slowly turn CURRENT LIMIT CONTROL clockwise and observe the
gradual increase in output current, Turn counter clockwise until sbout one tenth of the maximum
output current is reached, Set AMMETER RANGE switch to the "x0.17 position. The AMMETER
should now read full scale again,

1) DO NOT SWiTCH 70 THE “X0.1" RANGES BEFORE THE OUTPUT OF THE POWER
SUPPLY (VOLTAGE OR CURRENT) IS BELOW 10% OF THE MAXIMUM RATED VALUES,

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

2-10 INSTALLATION (Hefer to FIG. 1-3 “Mechanical Qutiine Drawing”}

2-11 The metered JQE Power Supply {Models with suffix "M") may be used s a bench-operated instrument. For
these units, a retractable ""bail” is provided to lift the power supply frent to a convenient viewing and
operating angle. 1T the metered JOE supply is to be rack-mounted, the bail, the two rear feet and the side
handles must be removed.

2.12 The unmetered JOF Power Supply can be directly chassiss-mounted into any system. Four nylon mounting
stand-offs are provided at the bottom of the unit. |f no additional mechanical support is provided, the unit
must always be mounted so that its weight rests on the four mounting stand-offs.

2.13 For all instaliations into confined spaces, care must be taken that the temperature immediately surrounding
the unit does not exceed the maximum specified ambient temperature (71°C).

2-14 GROUNDING

a) AC GROUND (Models with suffix "M only]. The power supply is equippad with a 3 wire safety line
cord and polarized plug. The third (green) wire in the line cord is connected to the chassis and the case
of the unit. 1f a two terminal receptacie 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) AC GROUND {Unmetered Models). The power supply is equipped with a three terminal barrier strip
for AC input. The terminal marked “GRD" is directly connected 1o the power supply chassis and must
be returned to AC ground.

c) DC GROUND. The DC output is isolated from the AC power line and from any direct connection 10
chassis or ground.® The maximum voltage that can be supported between either output terminal and
ground oF chassis is BO0V DC plus the maximum cutput voltage of the power supply, Either side of the
output may bae grounded, Convenient grounding terminals are provided at the front panel binding post
and the rear barrier strip,

*A capacitor-resistor network (CB, R26) is connected from the negative () output terminal to chassis, If the cutput
is to be grounded externalty, this internal ground can be opened by removing C5 from the amptlifier board {A1, see
FlG, 6-2).

JQE 4:/26-69 2-6/2-6
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31
32

33

34
35

SECTION 1l — OPERATION

STANDARD POWER SUPPLY OPERATION, LOCAL CONTROL

GENERAL. The Power Supply is shipped from the factory with five {5} removable jumper finks in place at
the rear barrier strip (TB501} as shown in FIG. 3-1, THESE LINKS MUST ZE IN PLACE AND SECURED
TIGHTLY for standard local operation, Loose terminat links or wires at the barrier strip will cause
malfunction of the power sinply

LOAD CONNECTION. The toad may be connected in any of the two ways iHlustrated (FIG. 3-1,3-2}. Load
connecting wires should be as heavy as practicable, since load wire voltage drops will degrade regulation
performance, Twisting of load wires will help to preserve the low cutput impedance of the power supply. To
keep the DC voltage drop in ithe 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 minimurm ripple and noise pick-up, the error sensing leads must be shielded. The shield, as
well as one side of the output (preferably the positive}, should be returned to the commeoen ground point

{Refer 1o FIG. 3-2)
g CAUTION 3

THE LOAD MUST BE CONNECTED TO THE HEAVY DUTY OUTPUT TERMINALS AT THE
REAR, NOT 70 THE BARRIER STRIP. BARRIER STRiP TERMINALS ARE FOR
MONITORING AND PROGRAMMING PURPOSES ONLY.

REMOTE ERROR SENSING

Specified regulation performance DIRECTLY AT THE LOAD requires the use of remote error sensing. A
twisted, shielded pair of wires from the sensing ferminals directly o the load will compensate for load wire
voltage drops up to 0.5 volt per wire (Refer to FIG. 3-2). Observe polarities: The positive sensing wire {from
terminat (2)] goes to the positive load wire.

REMOVE LINKS

TBEO!
HEAVY-DUTY REAR GUTPUT () HEAVY - DUTY REAR o1 lauteetin
OUTPUT TERMINALS NONITOR OUTPUT TERMINALS A 1 [uonron
(+) SENSING » |(HSENSING
}k {COMMON} [COMMON}
\3 (."H GUTPUT (—) . QUTPUT {~]
Jprr—— _:l_ MONITOR T @ 3 MONITOR
\-\ {(~1SENSING i| & |-13ENnsING
1 S
L \ L
! : e
) i B
NULL NULL
JINCTION JUNETION
ar e ",
-
Ly 8 |Er
FIG.3-1 LOAD CONNECTION A 3 1a,
AND STANDARD JUMPER LINK | S5EN FIG.3-2 LOAD CONNECTION
CONNECTIONS WITHOUT USING REMOTE ERROR
ERROR SENSING SENSING
CI—H—F/20-69 3-1
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36 OUTPUT ADJUSTMENT {Refer to FiG."s 2-1 and 2-3 for the location of all controls)

37

a)

b)

Once the load is connected to the output terminals of the power supply as described in the previous
paragrapns, the operating voltage may be adjusted to the desired value by turning 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 also be set (o intermediate values, as desired,
by first turning the AC POWER SWITCH to the "off” position and then placing a short circuit across
the output, Turmn AC line “on”. Now the required operating current is adiusted by turning the
CURRENT LIMIT CONTROL to the value needed plus~ 2%. The output current will now limit
sharply at this value. After the short is removed from the ocutput, the voltags protector can be set,

{For Models equipped with Voltage Protector only.) With the "'V Limit” control set fully clockwise, set
the output voltage as described above. Turn the coarse "V Limit"” controt** (R415) stowly counter
ctockwise, until the power supply output “crowbars’”, indicated by the output voltags going to zero and
the circuit breaker shutting off. Turn the fine "V Limit"” control {(R414} slightly clockwise. The amount
of “threshold” or difference voltage between operating voltage and the limiting point, is determined by
this last adjustment, which shouid therefore be made with the “fine’" control, R414. A too close
adjustment towards the operating voltage may lead to spurious triggering, especially if the “'delay”
adjustment is set for maximum sensitivity. The minimum “thresheld™ voltage adjustable is 0.5 volt.)
Adjust the “delay” capacitor {C413) if required. This controt is factory adjusted for maximum
sensitivity, consistent with retiable operation without spurious triggering. 11 needs re-adjustment only if
extremely sensitive loads must be triggered in the st ortest time possible and if some spurious triggering
can be tolerated. Now the load can be connected 1o the power supply and operation can commence,

*se external metering for meterless models.
**tf model has only a “fine” control (R414}, all VP Adjustments are made with this contro!,

38
39

INTRODUCTION TO REMOTE PROGRAMMING

GENERAL. A few general remarks may be in order (o familiarize the user of this equipment with the
terminology and basic equations pertaining to remote programming of Kepco Power Suppliss, Electricaily, the
power supply, consists of the unreguiated DC source (E}, the pass slement (Ep)_. the DC error amplifier {A)
and a compariscn circuit which resembles a four-arm electricat bridge. (Refer 1o FIG. 3-3}. The elements of
the bridge are arranged to produce a virtual zero at the amplifier input when the bridge circuit is at balance
{(Vaar =0 Any tendency for the output voltage 1o change in relation to the reference voltage (E,) creates an
error signal (e} which, by means of negative feedback and the amplifier, tends to correct the sutput voltage
towards restoration of bridge balance.

T, = BRIDGE CURRENT

A

< NULL JUNCTION

REFERENCE

RESISTOR Rr Rye VOLTAGE CONTROL

COMPARISCN

AMPLIFIER A /
S UNREGULATED
Y SOURCE QUTPUT
REFERENCE VOLTAGE % ™, voLTAGE E°
(EXTERNALLY ENER-  E, Pl ol
IODE -
GIZED ZENER DIODE) (’\/’Ep PASS-ELEMENT l
A COMMON POINT ?

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

ClrbbF /2069
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310 EQUATIONS SHOWING THE OPERATION-OF THE KEPCO BRIDGE

3-11 The following refationships govern the operation of the Kepco Bridge at balance, e, with Vas =0

o) E& = Py {1} Where: E, = Output Voltage
E, R, E, = Reference Voltage
EI. _ (2} R, = Reference Resistance
B, Ry, = Control Resistance
E, = LR, (3) I, = Bridge or Control Current

bt The ratio of the number of ochms controloresistance needed per volt cutput is termed the "CONTROL
RATIOY. It is normally 1000 chm/volt in KEPCO Powsr Supplies.

¢} As can be seen from sguation (1), the outpul voltage £, can be controlled by varying any one of the
three quantities. Rewriting sguation {1} we have:

E, == x R
ﬁ Ve
£
The ratioc  — constifutes the bridge or control current by (EQ. 20
.
di  Therefore, we can write: E, =1 R, (Eq. 3}
Making |, & oprecision quantity {precision bridge current adjustment is described in par, 3-16),
establishes a precise programming ratio, so that the accuracy of £ is solely dependent upon R,.. This

Ve
mode of operation is referred to as "RESISTANCE PROGRAMMING' and is covered in detail in
Par. 3-19.

Co . HVC
e} Rewriting equation {1}, B ® E —e—  we can make E, the variable which cantrols .
R

r

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

f}  Many other modes of control are of course possible, some of them are described in the following
paragraphs. For a more extensive treatment and a detailed theorectical view of power supply
applications see the current KEPCO Application Literature, available from your Kepeo Representative
or directly from Kepco Applications BEngineering Department.

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

3-12 ADJUSTMENTS FOR EXACT PROGRAMMING RATICH

3-13 Referring 1o equation (3): E, = I, B, itisseen that if I, = 1 mA, 1000 ohms of control resistance {R

neaded for each volt of output. Making i, therefore a precision quantity the accuracy and linearity of the
output voitage witl then solely depend upon R,

..
ve 118

3-14 Again refering to equation (3}, we sse that it B, = 0 { shorted out }, the output voltage shoulid be zero. A small
negative offset voltage lin the millivolt range) exists howsver under this condition at the output.

3-15 Both inaccuracies, the slightly farger bridge current “b) and the small negative offset voltage (£, ) may be
adjusted to provide a tinear and precise programming ratio, Refer to FIG. 2-1 for the logation of the
calibration controls.

3-16 PROCEDURE. PRECISION PROGRAMMING RATIC ADJUSTMENT (Refer 10 FIG. 3-4)

|

) EFouipment Reauired:

1 Precision digital or differential volmeter (M1},

2] Precision resistor, accuracy comparable to M1, The values is not important, but must be known,
for every 1000 ohms, 1 volt will appear across M1, (R, ).

31 Single pole, single throw switch {81},

* Applicable for models with sufiix "E' only.

Cdombm f20-60 33
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oD HEAVY DUTY REAR

AN CUTPUT TERMINALS i ﬁgﬁgm
Rye {EXTERNAL) *
_ _ i - (+] T
. M (+) SENSING
- Mi
VOLTAGE CONTROL P | ! e OUTPUT(~}
{Ryel _M —— 4 3 | monitor
UNREG. \
A SCURCE

i Pg\ UL | \\ 4 [{~}SENSING

Rye

5
pASS- .
E ELEMENT | * 5 |MuLL
: JUNCTION
! ]
Ri4 o 7 (Re

£ jp NULL {OPTION)

Er

COMMON

L — R
NOTE: REMOVE JUMPER LINK {5)-(6) FROM TB-50 '

t:E"'/
T
0 ! @

BIG. 3-4 CONNECTIONS FOR PRECISION PROGRAMMING RATIO ADJUSTMENT

b} Connect calibration set-up as shown i FIG, 34 and connect the power supply to the AL power line.

c} with §1 “open”, and Rye =5 K ohms, approximately 5volts will be read-out on Mi. Adjust R4 {Ib
adiustment) until exacily B volts are read-out on M1,

o} Close S1 and note deviation from zero on M1 (approx. 2 to 8 mV negative). Adjust R14 (zero
adjustment) until exactly zerc volts read-out on M.

g} Open S1 and check the B volt reading. Repeat "c” and "d" as necessary 1o achieve the desired accuracy.
EIG. 35 below shows graphically how the programming ratio can be precision adjusted,

27N T, (BRIDGE CURRENT}
ol ADJUSTMENT RANGE WITH R4

ZERD VOLTS
ADJ. RANGE WITH Sy
E o NULL (R14)

FIG. 3-6 ESTABLISHING PROGRAMMING LINEARITY

34 Cl—H-—F/20-69
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317 GENERAL RULES FOR REMOTE PROGRAMMING

318  All remote programming applications recuire the observance of a few basic rules to insure proper functioning
of the power supply in the particular mode of operation selected. These rules should be remembered before
each application and especially if malfunctioning of the prograrnming set-up is experienced.

1) GROUNDING. Ground loops due to multipie and indiscriminant qroun( ing of various equxpment are
the cause of the majority of complaints about “high ripple or noise”. They can be easity avoided by
grounding the power supply &t one point only to which all shielded cablas and equipment cases are
connecied. 1T possible, one side {preferable the positive one} of the power supoly sutput should also be
grounded. Frequently, high ripple is introduced by programming sources or instruments used at the
input (nulf junction} although all grounding rules have been observed. This may be due to the external
instruments or source's close coupling 1o the AC line. In these cases only isolation {iLe. battery operated
devices) is the answer. It must also be remembered that input and output of the power supply are
“common’, so that if the output is not groundsd, the input source must be isolated for the maximum
output voltage to be programmed, pius the amount of voltage the common is "off ground"’.

2} CONNECTIONS. All external connectlions, especially the rear barrier strip terminal screws, must be
tight. Series maifunctions may be caused by open feedback loops or programming connections.
31 INPUT SCURCES. If specified performance is expected when remote programming, external input or

reference sources must have specifications equatl to or better than that of the power supply.

4} PROGRAMMING RESISTORS Programming resistors shouid be high quatity wirewound units with
ternperaturs coefficients of 20 parts per mitlion or better, Their wattage rating must be at least 10 times
the actual power dissipated. Although the control current through these resistors is only 1 mA, an error
current exists when programming large voltage excursions. The magnitude of this error current equals
the change in output voltage, divided by the final rasistance of the programming resistor. (if, for
example, the voltage step is from BOvolts to zero, {AEg =BO V) and the final resistance of the
programming resistor is ARy = 2 ohms, Tpgak = 25 A, The duration of the peak error cusrent depends
upon the size of the output capacitor Ineak decays exponentially as the output voitage assumes the
final vaiue.

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

3-19 OUTPUT VOLTAGE PROGRAMMING WiITH EXTERNAL RESISTANCE
The output voltage of the Power Supply may be controlled remotely by an external rasistance, replacing the
buil1-in voltage control resistance which is disconnected at the rear barrier strip. The value of the programming
rasistance may be calculated by referring to the transfer function derived earlier (Eq.1}:

Ec = R i
© ve X Ry
.. Ey . :
Since = - Iy {2), it follows that By = 1 Rye 13)

'r

Referring to Equation {3}, we see that since Ip s T mA in KEPCO Power Supplies {and can be precisely
adiusted as shown in Par. 3-12}, for every volt of output, 1000 ohms control resistance must be provided. This
corrgsponds to a "Programming Ratio” of 1000 ochms per volt,

3-20 PROCEDURE (Refer to FIG. 3-6)

al Determine value of programmin resistor{s} for output vottage desired.
b} Using two-wire, shiglded cable, connect the chosen resistors 1o tarminals {4} and {8). Connect the shield
to the “"ground” terminal.
cl The output voitage will vary from zero 1o {1 mA) x (Rygl, as Ryc is adjusted from zero to its maximum
value,
Ch—h-F/20-69 35
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Rye (EXT) .
3% w== HEAVY DUTY REAR r
LOUTPUT TERMINALS 2g:§gn &
:m {(HI SENSING
{COMMGH)
i \L
: VOLTAGE CONTROL =& _ QUTPUT (=}
Rye o exTERNAL] B MONITOR
! UNREG ! VOLTAGE il
[ SCURCE I CONTROL}E
: i — (-)SENSING
: sl L
| A 5 iRy
C
: ! éRL b
PASS~ _ -
! ELEMENT & §NULL
{ ! JUNCTION
' | —
f ! 7 {Rr
P () ;
| Er T 8 {Er
| T COMMON 5 N
! ey -
e e e e e e - J4 ¢ 1Ay

NOTE: REMOVE JUMPER-LINK (5)-(8}) FROM TB-50

FIG. 3-6 REMOTE RESISTANCE PROGRAMMING

3-27 PROGRAMMING BY CONDUCTANCE:

3-22  Feor special applications, the outputr voltage ED can be adjusted Dy varying the bridge current, The
relationship govarning this type of programming is:

1 .
= & - 5 i - = = programming conduciance
EG Er (RVCB (G}, [Eq. 4) Where: G —— prog 9
r X
or
E = output vollage
£ x (R =
E o= ! ve £, = reference volrage
o R +R f N
. x va = control resistance
F%r = reference resistance
B 7 programming resistor

SINCE  cmmm = Iand £ = leVC, the output voltage varies directly as I changes. Changing 1, with the help of
r
an additionat resistor in séries with Rr resutlts in an inversely proportional change of Eb’ since now:

This method of output voitage adjustment is therefore referred 1o as conductance programming.

3-23  Conductance programming is a reciprocal function when anaiyzed in terms of resistance, but perfectly
proportional

IT can be very useful, especially over a limited rangs and for small changes in output voltage. Ancther
distinetive advaniage of this type of programming is the “built-in® safery feature. Should the programming
circtit open accidently, the programming resistance becomes infinite, the conductance is zero, and
consequently, the output voitage begcomes zera,

3-6 Cd—H-—~F/20-69
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HEAVY DUTY REAR
QUTPUT TERMINALS QUTPUT (+)
MONITOR
o — — +
{+] SENSING
3
VOLTAGE CONTROL (Rvc) UT (=
(SET 70 5K OMMS)} ,..,M - '—£-=' gg;fgg( !
UNREG.
SOURCE
{—) SENSING
Rx L
o
-p I @ Rve
e onss § . VOLTAGE
ELEMENT L CONTROL NULL
Ry JUNCTION
Ry
46
L ) Er
COMMON b
2 i
—_ —_ e Ry
NOTE: REMOVE JUMPER ~LINK (8)~(7) FROM TR-50
FiG. 3-7 REMOTE CONDUCTANCE PROGRAMMING
3-24  PROCEDURE (Refar 1o FIG. 3-7)
EXAMPLE: %O desired = 310 b vols,
al . Select va for maximurm desired output voltage EO.
Q - -E'o R = .5\/ = HK chms.
Ve " o e
e A
Set built in va o 5K ohms, or disconnect and use external resistor.
b} A change of E0 10 3 volts requires a bridge current change of:
AE 2 volts
A\Fb = L= = 0.4mA
: ib 5K ohms
¢  Sincel = = 1mA, the additional resisiance needed Is:
R
;
Er & volts 8K 4K oh
- = - - - = ohms.
lb(F?r + F%x) Fr, ﬁx . Rr or RX 5
Ib 0.6 mA
A 4K ohm, WW, fow T.C. potentiometer, connected as shown in FIG. 3-7 will change the output
voltage from 3 10 b volis when varied from zero 1o 4K ohms.

NOTE: A word of caution may be In order in regard 1o the changing of the bridge current, The TmA value
has been selected for maximum stability in the zener reference cirouit. A large departure from this
value is not advisable. 1T a £ 50% change in Ib is not sufficient 1o achieve the desired voltage swing.
an external reference supply can be used.

Cl—H—F/20-69 3-7
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3-25 REMOTE PROGRAMMING WiTH EXTERNAL CONTROL VOLTAGE

326  The output voltage of KEPCO power supplies may be controlled by an external, variable voltage source,
which suppties the necessary control current, formerly delivered by the (now disconnected) internal, fixed
reference source. This mode of operation is termed "Voltage Programming”. It can be mathematically
expressed by referring to basic equation (1):

Eg - Rve (Eq. 1) Solving for Eg, and designating the external programming components "Ej, Ry”
Er Ry
. . e Ryc
the result is: Eqg = —Ej x e {Eq. B}
|

3-27  As seen from the expression {Eq.B}, if the ratio Ryc/Ri {which represents the ciosed loop gain of the
system) is held constant, Eg will vary linsarly with Ej, the external programming voltage. The above
expression {Eq.B) is seen to be similar to the operational amplifier transfer function in the inverting
configuration. The voltage programmed power supply dees in fact become a unipolar power amptifier with
potentially very high power gain but with limited frequancy response. {Refer to FIG. 3-8). The limited
frequency response is largely due to the effect of the output capacitor {Cp) acting as a low-pass filter and
preventing the cutput 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 to illustrate component
setection will be given below.

HEAVY DUTY REAR
QUTPUT TERMINALS

e ——=g R

VOLTAGE CONTROL
{Rye, SET TO 5K OKMS ) ....H .

OUTPUT4)
MONITOR

-+ SENSING
{COMMEN)

(-~}

QUTPUT(-)
MONITOR

I
|
B

P: {-)SENSING
B
|
B

UNRES.
SOURCE |
- L
o
-f é Ryg
PASS~ Ry
. NULL
MENT 1
Co ELE B JUNCTION
=k bl
’ 7X
R
| el r
. 8 |Er
N
COMMON 3
b —_— S | Ry

NOTE: REMOVE JUMPER LINK

Ri (£12V-— o\ E;
A @ ’ {6)-{7) FROM T850!
oV =N- -V

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

328 Example: A power supply with a rated maximum output voltage of 15 volts is to be voltage programmed
over its fult range {0 to 16V) by a triangular, positive increasing source with a peak output voltage {E;) of
2valts, and able to deliver at ifesst T mA control current. Since the required voltage gain is:
En/Ej= 16/2 = 7.5, the ratio Ryc/Rj must aiso equal 7.5, If the internal voliage control is retained, in this
case, since Ry = 15 K ohms, R must equal 16 K/7.5 =2 K ohms. FIG. 3-8 shows the Power Supply as an
operational amplitier and the necessary rear barrier connections for this mode of operation.

38 Cl—H-—F/20-69
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3-29 CONSTANT CURRENT OPERATION

330 A KEPCO power supply can De set up to debiver constant current by the addition of an external sensing
resistor and a current control. In the constant current operating mode, the voltage comparison bridge is
interconnectad with an exiarnal current sensing resistor, B, and a current control, RCC { as shown in
FIG. 39} 10 maintain a constant voltage drop across RS. in this way, and adjustable constant lead current is
obtained. Characteristic of the constant current supply is ability 1o change its outpul voltage automatically
in order 1o maintain a constant current through a range of possible load resistances. The range of output
voltage that the supply can deliver and simultaneously maintain constant current, is referred 10 as the
“"COMPLIANCE VOLTAGE".

3-31  The current sensing resistor F{S is chosen to develop a 0.5 voit drop at the maximum desired current.” It is
calowlated by dividing this current into 0.5 velt. The value of RS is not critical and can be the nearest
standard resistance available. Several facts should be kept in mind however, when choosing RS. A
compromise must be made betwsen a large and a small value. While a large value is desirable for good
current reguiation, it is less so in velw of the power dissipated across it. 1 must be rememberad that all the
foad current is flowing through RS and the input to the reguiator is connected across it 11 is therefore vital
that all extranecus changes across RS, i.e. resistance change due 10 temperature, are kept 1o a minimum. A
high quality, low T.C. {20 PPM) resistor, at least ten times the actual wattage needed, 15 therefore strongly
recommended. In practice, Rq, is usually selected for g 0.5 volr sample at maximum output current desired.
*1f more than a 10-1 ratio of output current is heeded, several values of RS should be selected and switched in
or out as required,

* For KEPCO Power Supply with maximum rated cutput currents of BA DC or less, a 1 volt sample at the maximum
desired current shouid be used.

MEASUREMENT OF
REGULATION & RIPPLE

EXTERNAL CURRENT (-4 A
CONTROL (Rgg !

=
S .@} OUTPUT (+}
HWEAVY DUTY REAR ! i1 WMONITOR
QUTPUT TERMINALS Pt
! - - - o et |4 SENsinG
hY
Yy ‘L@: 2 Jicommon
| YOLTAGE CONTROL 3 QUTPUT {—)
s
(Rye! L SENSIE MONITOR
;-‘;“UZ%% RESISTOR
{~) SENSING
- - A wder r ﬂVC
¥ 2
Pass- | S0
ELEMENT NULL
JUNCTION
b Ry
SEE NOTE
Er
COMMON
b — - g iRy
NOTET REMOVE JUMPER LINKS (1} —{2)
& (5)-{6) FROM TB-50I
FIG, 3-9 CONSTANT CURRENT OPERATING MODE
NOTE: Hs should be physicaliy located as close to the
{+) output terminal of the power supply as possible. If,
however, ilong output and sensing leads cannot be
avoided, the {+} terminal of the output capacitor {CO)
must be internglly reconnected from the {+) sensing to
the {+) output terminal.
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3-:32  The current control resistor, HCC is chosen on the basis of the control rgtic of the Kepco comparison bridge,
and \/S the maximum voltage across RSA i Fis was selected for 0.5 volt drop, then Vq = (.b volt and
P(CC = VS times {control ratio}, or

1000 ohm
HCC = 05 volt x e = BO0 ohims, A high quality, low T.C. (20 PPM) resistor is recommended
voit -

for Rcc'

333 PROCEDURE {Refer to FiG. 3-9)

The actual component caloulation for current reguigtion is perhaps best shown by a practical example. A
KEPCO Power Supply with a rated maximum output current of 50 A DC is to be set up for current
regulated output from BA 1o BOA {1:1C ratio).

. 0.5 volt E
aj R_ischosen by: R = ——————— = (.07 chm.
s 3 50 A
Puss = Vo x 1 = 05volt x (B0 A) = Zbwatts. {use 250 watt)

NOTE: A heavy duty, 4 terminal meter shunt or a power resistor in the TEPRO "TMK" series is
required. ingquire at KEPCO if special values are needed.

b} The control resistance RCC is found by caleutating its Himits:

1000 ohms
B (max) = V (max) x controlratioc = 0BV x =——e————— = 500 chms,
cC s V

1000 ohms -
e {min.) = \/S(min.) x control ratio = 0.05V x "-—-\-/—_—— = 50 chms.

Asg RCC is therefore varied from 50 ohms to 500 ohms, the regulated current will vary from b to
50 mA. The compliance voltage will change in the same ratio {10:1], its absolute value depending on
the toad resistance used,

c} A large output current range {1 mA 10 50 A} could be govered if three separate sensing resistors were
to be calculated on the basis of a 0.5 volt sample at maximum current:

a) F%ls (For Bto 50 A) = D.5V/50 A = 0,01 £ (250 watt)
b st {For 0.5 10 BA) = 0.6V/5A = 0.1 £ {25 watt)

c) 935 {(For 0.05 mAto 0B A) = 0.5V/0.5 A=18 (2.6 watt)

3-10 Cl—H--F f20-69
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334
3-35

336

3-37

3-38

SERIES OPERATION OF KEPCO POWER SUPPLIES

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

Two basic series connection methods are generally used, the “Automatic Series Connection’, as illustrated in
FIG. 3-10, and the "Master-Slave’ connection, 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” coanection the cutputs
of poth supplies may be controlied individually, in the “Master-Stave'’ connection, control is exercised from
the "Master”” supply alone, while the “Stave’ supply follows 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

aj Connect foad as shown in FIG. 3-10. Keep voltage drop in load wires as low as practical by using heavy
gauge wire,

b} Connect protective dicdes across respective cutput terminals.

¢} Remove jumpers as shown and connect error sensing leads. These leads should also be as heavy as
practicable, and should be twisted and shielded.

d} Turn supplies on and adjust voitage on either control as required.

The "Master-Slave’ series connection method is iflustrated in F1G. 3-11. As seen from the figure, the reference
voltage {Ey) of the “Slave” supply is disconnected and its input or null junction is connected to the output of
the "Master” suppiy via the tracking rasistor (Ry). The "Slave” supply output is thus completely dependent
on the "Master"” output voltage:

Eos = Eom R;CS where:  Egm = Qutput Voltage, Master
! Eos =  Qutput Voitage, Slave
Ry =  Tracking Resistor
RByes =  Voltage Control Resistance, Slave

As evident from the equation above, if the tracking resistor {Ry} value is equal to that of the voltage control
resistor of the "Slave’ supply {Ryeg), 2 “tracking ratio of 1:1 is achieved and the output of the “Slave' will
egual that of the "Master”. If a single load is connected 10 the series "Master-Slave” combination, twice the
“"Master” output voltage is applied to it. If separate {oads are connected, identical voltages are applied to the
individual loads.

The ratio Eps/Eam can be readily changed if the application so requires by simply altering the value of either
Rves of Re. In practice, since Rygg is the ten-turn voltage control rheostat of the “'Stave” supply, the tracking
resistor (R} is selected for the desired tracking ratio. The value of Ryeg is determined from the parts list and
Ry is selected accordingly to the selected ratio. For a 117 ratio Ry = Ryes, for a 1:2 ratio, Ry = 1/2 Rygg etc.

340 PROCEDURE FOR MASTER-SLAVE SERIES CONNECTION
a) Connect {oad as shown in FIG. 311, Keep voltage drop in the load wires as low as possible by using
heavy gage wire.
b} Connect protective diodes across the respective output terminais.
¢l Remove jumper links as shown (FIG. 311) and connect error sensing leads i remote sensing is desired.
Sensing leads should be twisted and shietded.
) Select value of the tracking resistor {Ry) and connect with shielded wire as shown (FIG. 3-11).
e} Turn supplies "on’, and adjust output voltage on the "Master” Voltage Control as desired.
CI—H—F/20-69 211
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PARALLEL OPERATION

GENERAL. Kepco power supplies equipped with an overvaltage crowbar (all CPS models and JOE models with
suffix “VP"”} cannot be operated in parallel for increased output current. A triggered crowbar in a power supply
working in a paraflel configuration would have to absorb the total cutput current of the other power supplies.

EMERGENCY SITUATIONS. Semetimes a situation arises where additional cutput current is required and only
power supplies with lower than required current ratings are available. In these cases, the power supplies can be
paraileled if the crowbar circuit in each unit is disabied. Refer to the component location drawing for assembly A4
{Section Vi of this manual) and remove R40Z from the overvoltage protector assembly (A4}, If overvoltage
protection is considered essential in the application at hand, a separate crowbar circuit, rated for the tota/ output
curient in the parallel connected power supplies must he used. (Refer to Kepeo VIP modsis.) Two basic methods of
paralieling power supplies are described in pars. 3-41 to 3-46. USE PARALLELING IN EMERGENCIES ONLY.
CROWBAR CIRCUITS MUST BE DISABLED.

3-41 PARALLEL OPERATION (AFTER DISABLING THE CROWBAR CIRCUIT ONLY)

3-47 GENERAL. As in the previcuslty described “series” connections, an “Automatic” or a “"Master/Slave’”
connection method can ba chosen. The choice between the two methods will depend on the application at
hand. For constant loads or small toad variations load changes srmaffer than the maximum cutput range of a
single power supplyl, the "Automatic” parailel connection can be used. For load changes exceeding the
maxirmum rating of a single power supply, the “Master/Slave” method is suitable. For either method, some
general rules shoukd be observed:

13 Parallet onfy supplies which can be adjusted to the same compliance {output) voltage.

2} Error sensing, as shown In the following diagrams, can be used to compensate for load wire voltage
drops.

34 Load wires should be as short as practicable. Select wire gauge as heavy as possible and twist wires
ughtly. Approximately egual lengths of wire should be used,

43 Common a-c power source turn-off” for all supplies is recommendead.

3-43 AUTOMATIC PARALLEL CONNECTION

3-44 PROCEDURE FOR AUTOMATIC PARALLEL CONNECITON (See FIG, 3-13)

b Connect the power supplies to be paralieted to a common a-c source (preferably with a common
“on-off” power switch).

2 Without connecting the power supplies to the load or to each other, turn a-c power “‘on,” and adjust
the ouput voltage on each supply to the reguired compliance voitage.

512

Adjust both "current” controls to their maximum {extreme clockwise) position. Turn a-c power “off "’
4y Make alt load interconnections as shown in the connection diagram {refer 1o FIG. 3-13) except the error
sensing connections {these connections may be added tater if needed).

5) With the individual a-c power switches of the two power suppiies in the “on' position, turn commaon
a-¢ power switch “on.” Observe output current meters on both units, Since the initial output voltage
adjustments were not identical, one of the power supphies (1o be designated SUPPLY #1) will be at a
slightly higher output voltage than the other (to be designaed SUPPLY #2). Consequently,
SUPPLY #1 will deliver its maximum load current and will operate in the current limit mode. The rest
of the load current is delivered by SUPPLY #2, which is operating in the voltage mode.

314 C J—+i—F/26-73
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B)  The “current” control of SUPPLY  # 1 can now be adjusted, as 10 equalize the total load current
berween SUPPLY # 1 and SUPPLY # 2, and operation can proceed. ERROR SENSING CAN
BE USED FROM SUPPLY # 2 ONLY.

NOTE: The disgram below {refer 1o FIG. 3-12) shows how the two power supplies operate in the paraliel
made. As seen from FIG. 3-12, load variations should be confined within the stabilization region
of SUPPLY # 2 since there is an initial adjustment error (AE ) between the two supplies.

> .o
Ly # A
w o w &
MAX. RATED 3 MAX, RATED z 2

OUTPUT CURRENT BAND ER QUTPUT CURRENT BAND z 5

i SUPPLY No. i ———j o & % pemeeme SUPPLY No.Z ol
Pty w @

R > w I

o x [+ 3

e -

____________ Y

DIFFERENCE VOLTAGE
BETWEEN SUPPLY Nel

AND SUPPLY No. 2
OUTPUT VOLTAGE SUPPLY No.l 8 o

QUTPUT VOLTAGE SUPPLY Ne.Z

CURRENT LIMIT SUPPLY No.2

CURRENT LiMIT SUPPLY. No. i

OUTPUT CURRENT Ig —ib

FIG. 3-12 “"AUTOMATIC"” PARALLEL OPERATION {TWO SUPPLIES).

345 MASTER/SLAVE PARALLEL CONNECTION. Two power supplies are shown in FIG. 3-14, although more
can be paralieled, each unit requiring its own sampling resistor. The sampling resistors {Rsl,?%sz in FI1G. 3-14)
are of equal value and are selected such that the voltage drop across them {due 1o the sutput current}, plus
the voltage drop in the load connectien leads does never exceed 0.5 volts, If the voltage drop across the foad
connecting ieads alone is at least 0.1 volt, the sensing resistors can be deleted since the leads provide the
necessary sample voltage. For egual current sharing, however, the lead length and diameter should be the
same for both power supplies. Output cantrol is exercised from the “"Master”™ supply.

346 PROCEDURE FOR "MASTER/SLAVE"” PARALLEL OPERATION (See FiGG. 3-14}

1} Connect the power supplies to be paralleled 1o a common a-c source {preferably with a common
“on-off” power switch).

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

3 With the /ndividual a-c power switches of rhe Two power supplies in the “on” position, tum the
commaon a-c power switch “on’. Observe output panel meters on both powers suppliss. Adjust output
controt on the “Master” supply, such that borh supplies share the load current equatly.
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41
4.2

4-3

4.4

SECTION IV — THEORY OF OPERATION

{Retferences in CAPITAL LETTERS refer 10 the nomenciature used in FIG. 4-1)

SIMPLIFIED DIAGRAM DISCUSSION (Refer to FIG. 4-1)

The MAIN POWER TRANSFORMER converts the line voitage to the required levels needed to producs the
DC operating voltages for the MAIN AND AUXILIARY SUFPPLIES, The MAIN POWER SUPPLY is in series
with the PASS £ELLEMENTS and the CURRENT SENSING RESISTOR and produces the output voltage. The
MAIN PASS ELEMENTS are changing their series resistance in & way tending to keep the OUTPUT
VOLTAGE constant. The necessary drive for this change is produced by the DRIVER CIRCUIT which in turm
recgives its command signals either from the CURRENT LIMIT AMPLIFIER or the ERROR SIGNAL
AMPLIFIER, )

The OUTPUT 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 amplified
by the associated amplifier and transfered to the GATE DIODES which feed directly into the DRIVER
CIRCUIT and produce the needed drive signal for the MAIN PASS ELEMENTS, thus either keeping the
QUTPUT VOLTAGE constant, or if the signal from the CURRENT LIMIT AMPLIFIER is dominant, fimiting
the output current to the pre-adjusted vaiue.

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 comparsd to an
internal reference. 1f an overvoltage occurrs, the S.C.R. “crowbar” will short-circuit the cutput immediately.
Recycling takes place automatically, since the AC input power is removed by the tripping of the circuit
breaker.
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E RN
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THAKSEORMER
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RECTIFIER AND FILTER
{UNREGULATEDR Math SUPPLY
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FI1G. 4-1 SIMPLIFIED DIAGRAM,JQE HALF—RACK POWER SUPPLY
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4-6  For the purpose of analysis, the circuitry of the JGE power supply may be divided into several sections which
are individually described below. The main schematic (FIG. 6-3) should be used to iliustrate the text of this
section,
al ACINPUT CIRCUIT. AC hine power is introdured through the AC inout barrier-strip or a heavy duty

three-wire line cord lremovabie) with safety phug.* The use of a grounded AC power outiet will
automatically ground the power supply, since the third wire of the line cord is directly connected 1o the
metal chassis and case. Once the AC POWER SWITCH/CIRCUIT BREAKER (CBIOTY is closed, the
prirmary of the main transformer {1201}, the fan (BZ01) and the AC pilot tight (DS101)F will be
energized. The two primary windings of the msin transformer are either connected in paraltel {for
118V AC nominal line voitage) or in series (for 230V AC nominal lire voltags). The AC POWER
SWITCH/CIRCUIT BREAKER {CE101), aside from switching the AC primary power, has the function
of disconnecting the power suppiy froem the AC line in case of overicads or short circuits, CB101 has
two sensing coils, one of which is always in series with one of the primary windings on T201 {1215},
whether the main transformer is wired for 115V or for 230V AC. The second sensing coif of CB101 is
in series with the secondary winding on T201 which generates the working potentiai for the overvoltage
protection circuit (T201-76,T7). i an overioad occurs, due 1o either internal componsant failure or
crowbar action of the voltage protector (Models with suffix “VP' only), the coil is energized
sufficiently to activate the trip-mechanism of CB101, thus disconnecting the power supply from the AC
tine, Since the primary coit of the AUXILIARY POWER TRANSFORMER {T202) is in parallel with
the secondary for the overvoltage protection circuit, any Tailure in the auxiliary circuits, reflecting back
10 the primary of the auxilisry power transformer {T202) wili also activate the sensing coit of CB101
and shut down the power supply, A thermal sensing element (S301) is mounted to the HEATSINK
ASSEMBLY (A3} to protect the series regulaior transistors from over-temperature. If the pre-set
temperature on 5307 s excesded, its contact close and energize the sensing coil of CB101, resulting
once more in the tripping of the AC POWER SWITCH/CIRCUIT BREAKER and subsequent removal of
the AC input power from the power sunply.

b MAIN DC SUPPLY. The main DC power is derved from a center-tapped secondary winding on t 201, A
full-wave rectifier circuit with silicon diodes {CR331 302 i# tocated on A3, CR201,202 if located on
main chassis A2} operates into a capacitor input filter (C201,202 on some models; 201,202,203 on
otherst which is paralieled by a bleeder resistor (R202). The main DC supply delivers the output current
via the series regulator or pass-elements,

¢l PASS-ELEMENT SECTION. The pass-element section in the JOF Power Supply varies in complexity
according to the output voltage and current rating of the particular model. The NPN sificone
pass-transistors of the JQE are located on high-efficiency heatsinks and are cocled by a fan {B201}).

Some JOE models have singie heatsink assemblies {A3) with pass-transistors Q301 to Q3. ..., the
number depending on the individual model, Other JOE models have dual heatsink assemblies (A2 and
AB) with pass-transistors 0301 to Q3. .. ,and 0601 to 06, .., the number of transistors again

depending on the individual model. While in the Jow voltage/high output current models €EO <36 volts)
all pass-transistors are arranged in a paraliel circuit, higher voltage models (B 236 volts) use a
series/paraliel configuration in the arrangement of their pase-transistors, In the latter, a “master/slave”
circyit is used, where the “stave’ section is sometimes paratleled by power resistors, which share in the
power dissipation if the power supply is operating in the current-limit mode or under short-circuit
conditions. However complex the pass-element section, for analytical purposes it can be reduced to 3
single pass-transistor, Electrically, this pass-transistor is part of a series circuit consisting of the
unreguleted main DC power supply, the external load and the pass-trensistor. The output voltage of the
power supply is kept constant, regardless of variations in the unrequlated supply, by changing the series
resistance of the control element (the pass-transistor} in the described saries 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 error-signal amplifier.

*Line cord and AC pilot light used on metered modeis {suffix “M"} only. Unmetered models have an AC input

barrier-strip. The terminal marked “G*" on this barrier-strip is connected directly to the chassis and must be
returned to AC ground,
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dl ERROR SIGNAL AMPLIFIER (Ay) The main funciion of this DC amplifier 18 1o amplity the error
signal, derived from the comparison bridoe, 1G a level suitable to pass the dicde gate circuit and drive
the pre-driver stage (Q2). The error signal amplifier in ihe JOE power supbly is e DO coupled, high gair
operational amplifier i a plugin package. The axnphlifier input may be disconnected from the
comparison bridge circuit, and orogrammed externaly. Although the plug-in amplifier is used in the
non-inverting configuration, 8 puositive input signal wiil produce 8 negative power supply output with
respect 1o the "common’ {plus {+] sensing terminall, since the pass-elements provide another sigrist
inversicn.

H COMPARISON BRIDGE. This four-arm electrical bridge circuit is the sensing and controtling elemer:t
in the JOE power supply. The reference-hall of the bridge consists of the reference resistors in seriss
with the zener reference voltage (Ry = R4, RE; £, = CR3). the other half is constituted by the voltags
control resistor {(Rye = R102) and the output voltage {Egl. The simplitied presentation shown in
Section HI of this manual will illustrate this discussion and show the actual bridge configuration. (Refer
to FiG. 3-3). The output voltage {in series with Ryel is continuously compared with the reference hatf
of the bridge circuit. At bridge balance (E a0 = 0, 8 constant bridge current {Ip) is flowing through the
bridge, keeping the error signal st the bridge terminals {AA') at approximately zero volts. Any
deviation in the output voltage (Eq), caused either by line/load variation or by a change in Ry will tend
to change the bridge current (i} in the sensing half of the bridge and thereby produce an error signal st
the bridge terminals (AA’). The error signal is presented to the amplifier input and will after
amplification, act as a drive for the pass transistars, changing the voltage drop EEQ) across therm in such
a way as to restore bridge balance and keep the ocutput voltage (Bl constant once more.

1) CURRENT LIMIT CIRCUIT, The differental input of the current limit amplifier (04,05} is connacted
10 the current sensing resistor {Rg = R203} and to a reference voltage, adjustable by the current limit
control {R101}). The voltage drop across the current sensing resistor is tnus continuously compared 1o
the reference voltage, set by the current Bmit control. As long as the voltage developed across Rg {dus
to load current flow) is less than the pre-set voliage reference level, the current limit amplifier will be
biased to its inactive state and will not effect the ocutput. 1 the output current increases however, the
voltage drop across Rg will overcome the reference level set by the current limit control. The current
limit amplifier will be thus activated and produce a drive signal at the diode gate, greater than A,
thareby taking control away from the error signal amplifier and transferring the power supply into the
current {imit mode. Since both, the current limit amplifier and the error signal amplifier {Ay) are
coupled through the diode gate circuit {CR14,15) 1o the pre-driver stage (Q2), the amplifier with ths
greater {negative} output will control the pass transistors and therefore the cutpuat,

ai OVERVOLTAGE PROTECTION CIRCUIT (A4, contained in Madels with suffix—"VP")

1} Input and output connections for the overvoltage protection circuit {VP) are made via a single
printed circuit board connecior (PA01) and its associated mating plug. The VP contains its own
auxilisry power supply with only the AC voltage dertved from a secondary of the main
transformer {T201) and introduced via P401/3207. The AC is rectified by a conventional bridgs
rectifier {CR401), capacitor filtered by the input filter capacitor {C401) and shunt regulated by a
rener diode (CR40B). A six volt source is derived from the pre-regulated DC voltage by means of
another zener diode [CRA40B) thus providing a stable reference source (Ergf).

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

3} in the event of an overvoltage, resulting either from external causes or from internal power
supoly failure, the circuit become 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 1o
an overvoitage) witl result in a change of state in Q402, producing an cutput pulse. The output
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pulse from the Schmitt Trigger stage, transferred via the emitter follower {Q401} is applied to the
first S.C.R. (CRA02). The charging time constant at the cutput of the Schmitt Trigger stage is
determined by the value of the {adjustable) delay capacitor (C403) . In effect, the setting of C403
determines the "sensitivity” 10 overvoltage of the protection circuit. Minimum capacity will yield
faster response but will also make the circuit more sensitive 10 spurious triggering. The control is
factory set for fastest response consistent with stable operation under ail conditions.

4) As the first S.C.R, (CR402) is conducting due 1o the pulse from the Schmiti-Trigger, it performs
two functions: It shorts cut the DC supply for the voltage protection circuit, thereby creating an
over cutrent in one of the circuit breaker colis. Simultaneousty, CR402 generates a firing puise
for the main S.C.R. (CRZ03}, 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 S.C.R. {CR402), disconnecting the power supply from the power fine. The protection circuit
is automatically re-activated with the “turn-on’ of the power supply via CB101.

h) 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 filtered by CZ. A current regulator stage (Q3), foliowed by a string of zener dicdes
(CR10-13), provides the operating voltage for the error signal amplitier {Ayl, the current limit
amplifier stage (04,05} and the reference circuit {R4,R8,CR3).

2) PRE-DRIVER COLLECTOR SUPPLY, A half wave rectified (CR3) and capacitor filtered (C2)
supply is derived from a secondary winding on T202. it delivers collector voitage to the pre-driver
stage {Q2}).

3] lcpo SUPPLY. This full-wave rectified auxiliary supply is derived from the winding of the
auxiliary 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
recessary turn-off bias for these stages under ali operating conditions, especially at sievated
temperatures.

i) METERING CIRCUIT { models with suffix “M" only). Both output voltage and output current are
monitored by dual range front panel meters {M101,102), The two meter ranges are O 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, S102 for current) located between the front panet meters, While the output voltage is
measured directly across the error sensing tarminals (TBB01-2, TB501—4), the output current is
measured indirectly as a voltage drop across the current sensing resistor {R203).
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SECTION V — MAINTENANCE

51 GENERAL

This section covers maintehance procedures, instaliation of optional components, caitbration and test
measurements of ithe Kepce Model JOE Power Supplies. Conservative rating of components and the
non-congested lay out should keep maintenance problems to a minimum. [f trouble does develop however, tre
easily removed wrap-around cover and the plugin feature of the circuit boards provide exceptional
accessibility to all components of the supply. '

ﬂ
Bl

53 DISASSEMBLY (Refer to FIG. 5-1)

a) COVER REMOVAL. The wrap-around cover may be taken off by loosening and removing its twelve
(12} hoiding screws, five {5) on each side and two {2) on the front panel.

b} CIRCUHT BOARD REMOVAL. The printed circuit board is mounted with two {2} screws, which are
removed from the side. After removal of the four printed circuit board connectors, the board may be
litted from its slide-guide. )

c) HEAT SINK REMOVAL, The heat sink assernbly is mounted with four {4} screws 1o the chassis
bottom. After the screws are taken out, the wires may be removed by means of the “quick disconnect”
terminais,

d} OVERVOLTAGE PROTECTOR (A4d) REMOVAL. {On Models with Suffix—"VP" cniy). Remove the
holding screw as indicated {Refer 1o FIG. 5-1) and lift assembly out.

e) RE-ASSEMBLY. Re-assernbly of all components takes place in raeverse order of the above described
procedures.
%)
(1) HOLDING SCREW {4} HOLDING SCREWS
FOR OVERVOLTAGE ON BOTTOM FOR HEAT
PROTECTCOR SINK REMOVAL
3

{2) SCREWS FOR
PCB REMOVAL

(12} HOLDING SCREWS FOR
WRAP-—ARROUND COVER
{6) ON EACH SIDE, (2) ON FRONT PANEL

F1G. 5-1 DISASSEMBLY, JOE HALF—RACK MODELS
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54 INTERNAL ADJUSTMENT PROCEDURES

55 GENERAL This paragraph describes sil internal adustmert procedures, which have not been previoush,
covered. Reter 1o Section {1, paragraph 2-3, for a listing and {ucation of alt adiustmen: procedures,

56  MAXIMUM CGUTPUT CURRBENT (Mg max. adl”) ADHISTMENT  This adjusiment serves as a calibration for
the range of the front panel Current Limit Control, The "L, max, adi ™" {R19) 15 located on the printed cirg u
board (Refer to FIG. Z2-1). 115 factory set so that the front panel control covers an output current range of
2-108% of the maximum rated output current. Re-adjustment of the "l max. ad).” controf is needed only
a component in the current Hmit circuitry must be replaced or, f the range of the front panel control is to be
restricted. A convenient way 1o make the adjustment is as foliows
a) Load the output of the supply 1o draw the maximum desired output current with the front panel
Current Limit Controt fully clockwise, Monitor the output voltage with an oscilioscope, having a
vertical sensitivity of at least 0.1 mV/cm.

bi Cbserve the oscilloscope. Current limiting is indicated by a sharp increase in output ripple. Locate the
"o max. ad].” controt and turn stowly until Himiting ocours at the paint required. Clockwise adjustment
will Increase the maximurm ouiput current range, while counter clockwise adjustment will decrease the
range. DO NOT ADIUST TC MORE THAN 102% Iy max. Although this might be possible due 10
component tolerances, maltunction of the power supply will be caused by exceeding the rated
maximum output current,

57  LAG NETWORK ADJUSTMENTS. Depending on the JOE mode! desingnation, sither one or two AC stabitity
controls in the form of iag networks have been provided in this power supply {R16-C9 and/or R36-C10, see
main schematic, FIG, 6-3). These networks have heen factory adjusted for maximum amplifier stability when
operating into s resistive ioad. Re-adjustment is indicated if components, affecting the AC characteristics of
the amplifier must be replaced or, if the load connected to the power supply contains excessive capacity or
inductance, causing AC instability. AC instability is usually indicated by high freguency oscillation as
observed with an oscilioscope across the power supply load. In such cases, the lag networks should be adjusted
so that stable operation is resumed. If in extreme cases adjustment of the lag networks should not prove
sufficient, twisted load and error sensing wires or decoupling capacity directly across the foad may provide a
solution to the problem.

58 INSTALLATION AND ADJUSTMENT OF THE “ZERO"” CONTROL *

NOTE: Models which have this control factory installed carry the suffic “E' behind their model number
{ie. JOE 6--10ME). The iInstallation instructions may be disregarded with these models.

50 A small (5-16mV), negative offset voltage exists at the output of the power supply, with the voltage control
set 1o “rero” (ully counter clockwise). Although this does not affect standard power supply operation, for
precision remote programming, exact zero volt ouiput may be necessary. The zero can be established by
adding the necessary control {"E;s Null,” to be designated R14) internally on a pre-designated space on the
printed circuit board,

510 The instailation may be readily accomplished by following the steps indicated below:
al Remove thy PCB Assembly from the chassis as described in paragrpsh -3, Locate the pre-designated
space for the additional componenison #1G. 52
b) Install "Ejn Null" {R14} control on the place

. ) NEW “E; ,NULL" {R14
incdicated and soider in piace. / o :

ci Rernove old jumper and install in new place as v/ G E U—U

shown. }ﬁt

d} Adjust precision zero as described in INSERT 20§

paragraph 3-12. new N REMOVE OLD JUMPER
JUMPER

FIG. 52 INSTALLATION OF PART OF PCB A

Eio NULL (ZERQ)
CONTROL

ot

*These instructions are applicable for Models JOE 6-45{M} and JQE 15-25(M} only.

5.2 JQE 12/26-69

www.valuetronics.com



511 TROUBLE SHOOTING

512 Modern, high performance power supplies have reached a state of sophistication that requires thorough
understanding of the problems invalved in repairing compiex, solid state circuitry Servicing beyond simpie
parts repiacements should consequently be attempted ondy by personnel thoroughly famitiar with sotid state
component techniques and with experience in closed (oop circyitry.

513 Trouble shooting charts, showing resistance and voltage readings, are of very limited usefulness with feadback
amplifiers and- are not included here. instead & detailed circuit description {Section 1V}, parts location
diagrams, simplified functional schematics and a main schematic with alfl significant voitage readings is
presented,

514 The foliowing basic steps in a case of power supply malfunctioning may also be found useful:
a) If power supply does not function at all: Check all powerline connections and fuses and make certain,
power supply is connected to the correct line voltage (it is normally delivered for 115V AC operation).
b} No 2C Output: .
1) Check rear barrier-strip jumper connaction for correct placement and tight seat (Refer 1o

FIG. 4-13.

2} Check the correct ptacement and tight seat of all transistors on the amplifier board {Refer to the
component location drawings and parts list in Section Vi),

3) Check reference voltage from terminal (2) to (8) on the rear barrier strip. Correct reference

potential is 6.2V nominal.
4) Check amplifier supply voltages from the "0V DC* buss. (Refer to Main Schematic, FIG. 6-3)
b) Test amplifier transistors* Q2, O3, Q4.
cl HIGH DC OUTPUT: If the output voltage is high and not contrailable by the vOltage controd, identical
steps as outlined above (par. 5-14b) are advisable. |n addition, if the condition persists, check the

following:

1) Check the pre-driver transistor® {Q1) and the main driver {Q305}) as well as all pass-elements
(Q301-3..., the number of pass-elements depands on the individual model}.

2} Check the voltage control resistor {R102) for continuity. Monitor output with an oscilloscope

and observe ripple wave-form and amplitude. If high frequency oscillations are chserved proceed
as directed betow. {Refer to par. 5-14e). High B0 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 (FI1G. 6-3).
d) # supply does not function in one of the remote programming modes, disconnect all externat
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 test set-ups and

Measuremants,

e} if the power supply is basically functioning, but poor performance is evident, inspect the test set-up 1o
make certain the source of the trouble is not external.

) Excessive output variations in any of the operating modes are usually traceable to incorrectly connect

loads or faulty measurement techniques. Perform measurements as described in paragraph 5-16 and
follow the connecting diagrams.

gl Oscillation of the cutput voltage or output current is often due to 2 load with a large inductive
component. Twisted loadwires of sufficient diameter and hald as short as practical, are often the
solution 10 the problem, if tag network adjustrent does not correct the trouble. {Refer to par. b-7).

16 KEPCO Field Engineering Offices or the KEPCO Repair Departrment will be available for consultation or
direct help in difficult service or application problems.

*NOTE: If a transistor checker is not available, transistors may be checked for shorts by means of an chmmeter.
Check between emitter and collector and reverse potarity of the ohmmeter. One reading should be high,
the other low, the ratio being about 1:4.
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516 POWER SUPPLY MEASUREMENTS

517 Measurerment of the significant parameters of a power supply is & requirement for incoming inspection,
periodic maintenance, of afler compenent replacement, Since the measurements reguire special technigues to
insure correct resuits, suggestions for their performance are given below:

a} Required Instrumeniation:
1} Constant AC source vaoltage with provisions for “stepping” the voltage over a specified region
‘ {105-128V); a variable autotransformer is generally adequate, if it is rated Lo deliver the input
current of the unit under test.
Z) Resistive load, variable, with ON/OFF and SHORTING SWiTCH and capable of dissipating the
full output power of the unit under test,
3) DC voltage monitor, differential voltmeter, or power supply analyzer.
43 Current sensing resistor, for measurements of output effects in the current mode, 4d-terminal
device,
B) AC ripple monitor, sensitivity better than 1 mV, Ballantine Model 302C or Hewlett Packard
Maode! 400H,
6 Optional: Oscilloscope, vertical sensitivity better than 0.1 mV/cm,
b} F1G. 5-3 shows the proper location of instrument leads when mezsuring output effects. The principle
governing this method of measurement is simply: DO NOT MEASURE ANY VOLTAGE DROPS DUF
TO LOAD CURRENT FLOW. This can only be avoided by measuring output effects either directly at
the sensing leads or by the use of 4-terminal network, The 4-terminal network can be approximated by
the method shown in FIG, 5-3d,
cl Output effects due to source or load variations in the voltage mods are defined as the amount of output
voltage change resuiting froem a specified change of line voltage or from a change in load resistance. it
can be expressed as an absolute change AEg or as a percentage in reference to the total output voltage
En:

I8

AEq

% Output Effect = X 100%

Ec

d) Output effects due 1o source or load variations in the current mode are defined as the amount of output
current change resulting from a spezified change in line voltage or from a change in load resistance, It
can be expressed as an absoiute change Alg, or as a percentage in reference 1o the total output current
§O:

FAY S
% Qutput Effect = = X 100%
lo
e} RMS ripple may be monitored on a true RMS reading instrument connected parallel 4o the regulation

analyzer leads, Careful wire dressing and shielding, as well as good AC grounding are of the utmaost
importance if valid measurements are expected. An oscilloscope 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,
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TO DIGITAL OR DIFFERENTIAL TO DIGITAL OR DIFFERENTIAL

VOLTMETER, TO MEASURE AE, VOLTMETER, TO MEASURE AE
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OUTPUT )
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a) OUTPUT EFFECT MEASUREMENT b} QUTPUT EFFECT MEASUREMENT (VOLTAGE)
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2
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_._.,,i_ OUTPUT EFFECT HEAVY-DUTY
5 MEASURING T LOAD  REAROQUTPUT TERMINALS
_— INSTRUMENT {If Modet Has Rear Binding Post,
8 Loap Wire Arround)
7
8
LOAD L
S — 9
HEAVY-DUTY
OUTPUT ©
TERMINALS
¢ OUTPUT EFFECT MEASUREMENT {CURRENT) d} APPROXIMATION OF A FOUR-TERMINAL

WORK
NOTE: R, shoutd be selected such that its wattage rating NETWO

is at jeast 10 times the actual power dissipated.
Stabllity and regulation depend on the stability
of R, Recommended T.C. for Ry is 20 ppm.

FIG. 53 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 location diagrams, and a list of ali replaceable
electrical parts. All components are listed in alpha-numerical order of their reference designations.
Consult your Kepco Representative for replacement of paris not listed here.

CRDERING INFORMATION

To order a replacement part or to 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 foltowing information for each part:

a) Model and complete serial number of instrument.
) Kepco part number,

c) Gircuit reference designator.

) Description.

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

NOTE: KEPLO DOES NOT STOCK OR SELL COMPLETE POWER SUPPLY SUBASSEMBLIES AS DESCRIBED HERE AND
ELSEWMERFE IN THIS INSTRUCTION MANUAL, SOME OF THE REASONS ARE LISTED BELOW:

—

Replacement of a complete subassembly is & comparatively rare necessity.
Kepco's subassemblies are readily serviceable, since most of them are of the “plug-in™ type.
Al active componets are socket mounted, making replacement extramely easy.

The nature of a closed-ioop power supply system requires that subassembly replacement is followed by careful measure-
ment of the totat power supply performance. In addition, depending on the function of the subassembly, extensive align-
ment may be required 1o restore power supply performance to specitied vatues.

RS

=y

IF REPALIRS INVOLVING SUBASSEMBLY REPLACEMENTS ARE REQUIRED, PLEASE CONSULT YOUR LOCAL KEPCO
REPRESENTATIVE OR THE KEPCO SALES ENGINEERING DEPARTMENT IN FLUSHING, NEW YORK, N.Y.
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A) Reference

A
B
C
CB
CR
DS
F

FX
iC
J

K

ABBREVIATIONS USED IN KEPCO PARTS LISTS

Designhators:

Assembly

Blower (Fan}

Capacitar

Circuit Breaker

Diode

Device, Signaling (Lamp)
Fuse

Fuse Hoider

= Integrated Circult

Jack
Retay

B) Descriptive Abbreviations

A

a-G
AMP
AX
CAP
CER
CcT

°C
d-c
DPDT
DPST
ELECT

FILM
FLAM
FP
°F
FXD
Ge

Hz
IC

MFR

Ampere

Alternating Current
Amplifier

Axial

Capacitor

Ceramic

Center-Tap

Degree Centigrade

Direct Current

Double Pole, Doubie Throw
Double Pole, Single Throw
Electrolytic

Farad

Polyester Film

= Fiammable

i

H

[

= Fiame-Proof

Degree Fahrenheit
Fixed

Germanium

Henry

Hertz

integrated Circuit
Kilo (103)

Mitii (103}

Mega (108}
Manufacturer
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OTZ LT

> < = - o
o)

MET
n

NC
NO

p

PC
POT
Y
p-p
ppm
PWR
RAD
RECT
RECY
REG
RES
RMS
S
S-End
SPOT
SPST
Stud Mt
TAN
TSTR
i

v

W
WW

= Inductor

= Light-Coupled Device
= Meter

= Plug

= Transistor

= Resistor

= Switch

= Transformer

= Terminal Block
= Vacuum Tube
= Socket

= Metal

= Nano {10-8)

= Normally Closed

= Normaily Open

= Pico (10-12)

= Printed Circuit

= Potentiometer

= Peak Inverse Voliage
= Peak o Peak

= Paris Per Million

= Power

= Radial

= Rectifier

= Recovery

= Regulated

= Resistor

= Root Mean Square

= SBilicon

= Single Ended

= Single Pole, Double Throw
= Single Pole, Single Throw
= Stud Mounied

= Tantalum

= Transistor

= Micro () (10-6)

= Voit

Watt

= Wire Wound
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REPLACEMENT PARTS LIST

AMPLIFIER BOARD ASSEMBLY {A1), MODEL JGE 6—22 {M) (E) (T} Coed 9-269
SCHEMATIC aTy. DESCRIPTION MFRS. NAME & PART NO. KEPCO
NO. (SEE NOTE} PART NO.
Ay 1 P!UQ-“’] Amph’ﬂer Kepco 2500013
260-0013
C1 1 Capacitor, Electrolytic,Pigtait Sprague 117-0713
160 uf, 26 V 30D157G0250F0
c2 1 Capacitor Electrolytic,Pigtail Sprague 117-0646
75 uF, 50V 30D756G0OE0DF2Z
€34 2 Capacitor Electrolytic,Pigtail Generai Electric 1170612
180 uk, 3V 78F02BF 151
Cb 1 Capacitor, Mytar, Pigtail TRW 11703186
0.1 uF, 800V KB63F
C8 t Capacitor, Myiar,Pigtait Wesco 1170395
Tk, 200V 33MM
c7 1 Capacitor Flectrolytic,Pigtail Sprague 117-0647
2090 uF, 12V 30D797G0120F2
ce 1 Capacitor Mytar Pigtail Sprague 1170363
0.01 pk, 200V 192P10302
Co 1 Capacitor Mytar Pigtail TRW 11703156
0.08 uF, 200V X663F
CR1.,6,8 3 Rectifier Silicon,Bridge, Pigtai! Varo 124-0346
VE-28
CR2.8,10, 5 Zener Diode Transitron 1210028
12,13 TN783-1
CR3, 11 2 Zener Diode international Rectitfier 121-0041
1NB21
*CR3 1 Zenar Diode tnternational Rectifier 121-0062
TNB27
CR45 Z2 Rectifier,Silicon, Pigtail £D 124-0178
CEC1G00
" CR7,14,15 3 Rectifier Siticon,Pigtail - Semtech 124-0133
SE-1
CR16 1 Rectifier, Silicon Pigtail Semtech 124-0028
SE-4
**CR17 1 Zener Diode International Resistance 1210041
1NB21
o1 [ Transistor NPN RCA 118-0068
40250
02,3 2 Transistor NPN M.S. Transistor 119-0004
119-0084
04,5 i Transisior NPN General Electric 119-00566
2N336A
R1 1 Resistor,Fixed, Moided Alten Bradley 1150063
120 ohm, TW, b% GB1218
12,20 2 Resistor, Fixed,M.G. IRC 115-2258
6.2 K ohm, 1/4 W, 5% RG 1/4
R3 1 Resistor, Fixed, Molded Allens Bradley 1158-0888
BEO ohm, 1/2 W, 5% EBBBID
R4 1 Resistor,Variable, WW Amphenol Controls Division 115-2264

1 K ohm, 1/2W, 10%

*Models with suffix "T"" oniy.
**Modets with suffix "E’ oniy.

NOTE:

2600P-102

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, {NC. 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 {TEM AND IS LISTED SOLELY FOR THE CONVEMNIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY, WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SQURCES.

KEPCO, 1NC,

www.valuetronics.com
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REPLACEMENT PARTS LIST

AMPLIFIER BOARD ASSEMBLY (A1), MODEL JOE 6-22 {M) (E) Code 9-269
SCHEMATIC aTy. DESCRIPTION MFAS. NAME & PART NC. KEPCO
NO. (SEE NOTE} PART NO,
RS H Resistor, Fixed, Molded tRC 115-2210
860 chm, 1/4'W, 10% GBT 1/4
Re 1 Resistor, Fixed,Pracision M.F. IRC 1162174
10 K ohm, 1/4W, 1% CEA
R7 1 Resistor, Fixed,Pracision, M.F, IRC 115-2259
750 ohm, 1/4'W, 1% CEA
B8 1 Resistor, Fixed,Precision,WW Tepro 116-1301
5.7 Kohm, TW, 1% TS-1W
RO 1 Resistor, Fixed,Precision, M, F, IRC 115-1938
210 ohm, T W, 1% CES
R10 1 Resistor, Fixed, M.G. IRC 115-2011
82 K ohm, 1/4W, 5% RG 1/4
R11 } Resistor, Fixed Molded Allen Bradley 115-0808
3.8 K ohm, 1/2W, 5% EB3G25H
R12,26 2 Resistor, Fixed Molded Alen Bradley 115-0340
1 K ohm, 1/2W, 5% EB1025
*R13 1 Resistor, Fixed, Molded {RC 115-2376
1.3 K ohm, 1/4W, 10% GBT /4
**R14 1 Resistor,Variable, Trimpot,Cermet Bourns 115.2309
100 K ohm, 3/4 3009P-1-104
Rib 1 Resistor, Fixed,Precision, M. F, IRC 1152391
402 K chm, 1/4W, 1% CEA
**R15 1 Resistor, Fixed,Precision, M. F, IRC 115-2174
10 K ohm, 1/4W, 1% CEA
R16 1 Resistor, Variable, Cermet Bourns 115-2398
500 ohm, 3/4 W, 10% 3009-1-501
R17 1 Rasistor, Fixed, Molded IRC 115-2273
47 ahm, 1/4 W, 10% GET 1/4
R18 1 Resistor, Fixed,Molded IRC 1152237
47 K ohm, 1/4 W, 10% GET 1/4
CRi9 1 Resistor, Variable Cermet . Bourns 1152393
20 K ohm, 3/4 W, 10% 3009-1-203
R21 1 Resistor, Fixed, Molded tRC 1162276
12 K ohim, 1/4 W, 10% GBT 1/4
R22 1 Resistor, Fixed M.G. IRC 115-2224
36 K ohm, 1/4 W, 5% RG 1/4
R23 1 Resistor, Fixed , Moided iRC 116-2317
27 ohm, 1/4 W, 10% GBT 1/4
R24 1 Resigtor, Fixed,Molded Allen Bradiey 1150959
510 ohm, 1 W, 5% GBH13E
R25,27 2 Resistor, Fixed, Molded IRC 115-2230
10 ohm, 1/4 W, 10% GRT 1/4
R28 i Resistor, Fixed,Molded Allen Bradley 115-1167
' 1.2 K ohm, 1/2W, 5% EB12256
**R29 1 Resistor, Fixed,Precision, M. F. IRC 116-2259
750 ohm, 1/4W, 1% CEA
* *R30,31 2 Rasistor, Fixed Precision M. F. IRC 1152380
43,2 K ohm, 1/4W, 1% CEA
R34 1 Resistor, Fixed,Precigion M. F, IRC 1152177
210 ohm, 1/4 W, 1% CEA

*Netete for Models with suffix "E",

**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 SOURCE FOR THAT ITEM AND 18 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.

KEPCO, INC,

www.valuetronics.com
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MAIN CHASSIS AND FRONT PANEL ASSEMBLY {A2), MODEL JOE 6--22 (v} Code 10-3069
SCHEMATIC | grv DESCRIPTION MFRS. NAME & PART NO. | KEPCO
NO. ' {SEE NOTE) FART NO,

FRONT PANEL ASSEMBLY CONTAINS:

CB1O1 1 Circuit Breaker Heinman 127-0272
JAZ-ABAZ
DS 1 Pilot Light Assembly Industrial Devices 152-0087
Gio-Dot 2100
W01 1 Meter Honeywel 135-0401
0-25A DC Model 504
*M 102 1 Meter Honeywatl 135-0446
0-8v DC Model BO4
R101 1 Resistor, Variabie Composition CTs 115-2268
2 K ohm, 1/2 W, 30% VA4S
R102 1 Resistor, Variable, WW Bourns 115-1257
7 K ohm, 3W, 3% 3507
*$102,108 2 Switch Stackpole 127-0264
58-72-1

*Metared Models oniy,

B201 1 Maotor Howard Industries 148-0027
32112
201,202 2 Capacitor Flectrolytic,Can General Electric 1470718
. 40KpF20V o BBF1124MA
C204 1 Capacitor Electrolytic,Can CGeneral Electric 117-0714
L8 uF, 20V 86F-H00 Series
CR201,202 2 Rectifier Silicon,Stud International Rectifier 124-0365
40HF10
*CR203 1 Silicon,Controlted,Rectifier (SCR) international Rectifier 124-0322.
A0RCSH
CR204 1 Rectifier Silicon,Pigtail Semtech 124-0028
SEA4
Rz01 1 Resistor, Fixed,Power, Axial Tepro 1160082
7.5 ohm, BW, 8% TS-HW
R202 1 Rasistor, Fixed,Power Axial Hardwick Hindle 116-0803
200 ohm, 3W, 5% 4/18GA-46-200
R203 1 Resistor, Fixed, Power Shunt Tepro 1152367
0.02 ohm, BOW, 1% TMK-H0W
T201 i Transformer Kepco Magnetics 100-1789
100-1782
T202 1 Transformer Kepco Magneties 100-1790
100-1790

*Models with suffix VP 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 tTEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCQ EQUIPMENT QWNERS IN O8TAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC,

B-7/6-8
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PASS—ELEMENT ASSEMBLY (A3), MODEL JOE 6-22{M) Code 9-269
3 M PART NO. KEPC

SCHEI\?J‘O‘?T!C aty. DESCRIPTION MFRS Nf;afugﬂ-:: © PART ISOA

0301,302,303, 6 Transistor Solitron 119-0082

304,305,308 938E114

0307 1 Transistor RCA 119-0088

AQ250

R301,302,303, 5] Resistor, Fixed,Power Axial Hardwick Hindie 115-0810

304,305 0.1 ohm, 3W, 5% 9/18GA46-.1

R306 1 Resistor, Fixed Molded Allen Bradlay 1152216
36 ohm, 1/2 W, 6% EB3605

R307 1 Resistor, Fixed Molded Allen Bradley 1156-1136
120 ohm, 1/2W, 10% EB1211

R308 1 Resistor, Fixed Molded Allen Bradley 115-0804
330 ohm, 1/2 W, 10% EB3311

R309 i Resistor, Fixed, Power ,Axiat Tepro 115-0444
300 ohm, 3 W, 5% TS-3W '

5301 1 Thermostat ' Stemco 127-0248

110486
NOTE:

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

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH {TEM 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 {.OCALLY, WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCQ, INC,

6-9/6-10
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VOLTAGE PROTECTOR ASSEMBLY {A4), MODEL JOE 822 (M) VP

REPLACEMENT PARTS LIST

Code 10-3069

MFRS. NAME & PART NO. KEPCO
SCHErSAOA;TEC aty. DESCRIPTION (SEE NOTE} PART NO.
C401 1 Capacitor Electrolytic Pigtail Sangmo 1170706
140 ui, 40 V 052 FE14TW04A0R
C402 1 Capacitor Myiar Pigtail TRW 117-0316
0.06 uF, 200 Vv XB63F
C403 1 Capacitor Variable Arco 11706837
80-480 pF, 176 V PC48B
C404 1 Capacitor Mylar Pigtail TRW 117-0562
0.0068 ur, 200V XB63F
CR401 1 Rectifier Silicon, Bridge, Pigtail Varo 124-0346
VE-28
CR402 1 Ractifier Controlled Silicon (SCR} Motorola 124-0349
2N44414
CR403 1 Zener Diode Transitron 121-0060
IN748A
CR404 408 2 Zener Diode Transitron 1271-0028
TN763-1
CR405 1 Zener Diode Motorota 121-0057
1N3024B
Q401,402 403 3 Transistor NPN General Electric 118-0056
2N336A
R401 1 Resistor, Fixed,Power, Axial Hardwick Hindle 115-0604
0.5 ohm, 3W, 5% 9/166A-46-0.5
R402 1 Resistor, Fixed,Molded IRC 115-2230
10 chm, 1/4 W, 10% GBT /4
R403 1 Resistor, Fixed Molded Alien Bradiey 1150882
o . 3300hm,2W.5% HB330S
R404 1 Resistor, Fixed Moided IRC 115-2231
100 ohm, 1/4 W, 10% GBT 1/4
R405,408,413 3 Resistor, Fixed Motded IRC 1162238
1 K ohm, 1/4'W, 10% GBT 1/4
R406 1 Resistor, Fixed,Precision, M. F, IRC 115-21786
1.1 K ohm, 1/4W, 1% CEA
R407 } Resistor, Fixed ,Precision M. F. IRC 1152176
6.04 K ohm, 1/4 W, 1% CEA
R409 1 Resistor,Fixed,Precision M. F. IRC 1152179
392 K ohm, 1/4 W, 1% CEA
R410 - 1 Resistor, Fixed,Precision, M_F. IRC 1152178
1.5 Kohm, 1/4W, 1% CEA
R4 11 1 Resistor,Fixed,Precision M. F. IRC 1162177
210 ohm, 1/4 W, 1% CEA
R412 1 Resistor,Fixed,Precision M. F. tRC 1152174
10 K ohm, 1/4 W, 1% CEA
R414 1 Resistor, Variable, Trimpot Ww Amphenol Controls Division 115-2267
20 K ohm, 1/2W 2600P-203
R415 1 Resistor, Variable, Cermet Bourns 115-2404
1 Megohm, 1/2W, 10% 3000P-1-202
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 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. KEPCO, INC,

B-11/8412

236-0143
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INSTRUCTION MANUAL CORRECTION

e

Please note the following corrections to the Manual Material as indicated:

Parts List and Schematic Diagram:;

MAIN SCHEMATIC [FiG, 6-3);
The output capacitor (C204 has been removed from the location indicated on the schematic and has been placed directly
across the rear barrier-strip (TB501, terminal (2) and terminal {4) via quick-disconnect connectors.

1. DELETE: R22 Resistor, Fixed, MG, 36K ohm, 5%,1/4wW Kepco P/N 1152224,
Z. CHANGE: o) Transistor, Sliicon, NPN Kepco PN 119-0088
TO: Q1 Transistor, Siticon, NPN : _ Kepeo PN 119-0060.
3. CHANGE: Q307 Transistor, Silicon, NPN Kepco P/N 119-0068
TC: Q307 Transistor, Silicon, NPN Kepco P/N 119-0080.
4. CHANGE: Q3 Transistor, Silicon, NPN Kepco P/N 119-0084
T0, =~ - Q3 Transistor, Silicon, NPN v Kanen PN 1190068,
5. DELETE: Riz2 Resistor, Fixed, Molded Kepco P/N 115-0340,
6. CHANGE: Q4.5 Transistor, Sillcon, NPN Kepco PN 110-0056
TO: G4 5 Transistor, Silicon, NPN Kepco P/N 119-0083,
7. ADD: C10 Capacitor, Ceramic, Disc, 0.005uF, 500V Kepco P/N 117-0061.

Note: C10 has been added to Assernbly At. It is connected batween the collector and emitter of O3,

8. CHANGE: cBi1 Circuit Braaker 4 Amp, Kepco P/IN 127.0272
TC: CB101 Circult Bresker 3 Amp. Kepco P/N 127-0270,
9. ADD: c13 Capacitor, Mylar, Axial 0.1uF, 10%, 200V Kepco P/N 117-0263.

Note: C13 has been added 1o Assembly AT, It is connected batwean the ccliactor and the base of Q1.

10. ADD: cz207 Capacitor, Mylar Axial 3uF, 10%, 200V Kepca P/N 117-0354,
Note: C207 has been add to Assembly AZ, It is conneced across the main secondary winding of T201.

11. CHANGE: AV Plug-in Amplifier Kepco P/N 2500013
TO: AY Plug-in Amplifier Kepco PN 250-0052,

Note: The "E” OPTION (E, NULL OR ZERO ADJUST ) is now a standard feature on all JQE

rmodels.
JQE 6-22{M}/1-1470/r3 {2342 JOE 6-22(MI1-777 /B C3668
JOE 6.22(M)Q1870/r3 BMC JOE §-22{M)/5-279/r9 4326
JQE 6-22{M}/3-1072/r4 C2847 JAQE 8-22{M}/1-2680/r10  £4520
JOE 8-22(M)/8-2272/4 C2837 JQE 6-22{M)/11-3079/r11 4458
JOE 6-22(M)(VP}/r5 C4462
JAE 8-22{M)/3-673/¢5 £3064

JOE 6-22(M)/1-2375/8 {03260
RLPCG NG - 130 SANFORD AVENUE « FLUSHING, NY. 113582 USA - (219 LEB?%!I?’} -]"':’",-’5355 ;:':'%1{}-58?:283! - Cable: KEPCOPOWER NEWYORK
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INSTRUCTION MANUAL CORRECTION

Please note the following corrections to the Manual Material as indicated:

Parts List and Schematic Diagram:

12. CHANGE: Q301 thru Q306 Transistor,Silicon,NPN Kepco #119-0082
to: Q301 thru Q306 Transistor,Silicon,NPN Kepco #1195-0061.

e “ag

Page 2 of 2

JQE6~22M/5-1382/r12 4992
KEPCE, ING, » 131-36 SANFORD AVENUE « FLBSHING, Y. 11352 ¢ (212} 4617006 » TWX & 710-582-2631 = Telex: 12-6055 » Cable: KEPCOGPUWER NEWYCRE .

www.valuetronics.com



www.valuetronics.com



