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a) MODELS WITH LESS 

THAN 15A DC OUTPUT CURRENT 

b) MODELS WITH MORE 

THAN 15A DC OUTPUT CURR E NT 

FIG. 1-1 JOE HALF-RACK POWER SUPPLY, T YPICAL FRONT VI EWS 
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SECTION I - INTRODUCTION 

1-1 SCOPE OF MANUAL 

1-2 Th is manual contains instructions for the installation. operation and ma in tenance of the Kepco JOE 
"HALF-RACK" Series of Power Supplies. 

1-3 GENERAL DESCRIPTION 

1-4 Kepco Series JOE Power Supp lies are general purpose, precision regu lated voltage sources in the "half rack" 

configuration. JOE Power Supplies feature full range voltage control and current limit adjustment by means of 

multi-turn front panel control s. JOE power supplies have linear, full -dissipation series-regulators (NPN) driven 
by an integrated circu it operational amplifier. A sharp current-limit circuit renders the power supply 

completely short-circuit proof. JOE power supplies may be read ily converted to provide constant current by 
the addit ion of an ex ternal sensing resistor and a "current control." The output of the JOE power supp ly is 

comp letely programmable. 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 possib le by a unique heat sink design 
of exceptional efficiency in comb ination with highly reliable low-noise fans. JOE power suppl ies feature 

all-sili con design with conservatively rated components for added reliability. 

1-6 JOE power supp lies are identical in their mechanical dimensions (Refer to FIG . 1-3) and in their electrical 

specifications, excep t as noted in TABLE 1-1. 

1-7 OPT IONS . Optional features of Kepco Power Supplies are indicated by a letter fol lowing the model 

designation : 

a) JOE Powe1· Supp lies with suffix "E" are equipped with an "Eio Null" ad justment, which allows exact 
zero calibration for precision programming app licat ions. 

b) JOE Power Supplies with suffix "M" are equipped with two dual range panel meters which permit 
simultaneous monitoring of the output voltage and output current. Meter range-switches all ow for full 
scale rnading of either 10% or 100% of the voltage and current outputs. 

c) JOE Power Supplies with suffix "T" have spec ial references which improve the temperature coeffi cient 
of the supply (see paragraph 1-11 for specifications). 

d) JOE Power Supplies with su ffi x "VP" are eq uipped with an overvo ltage protector . This electrical 
"crowbar" shorts the output through a sil icon controlled rectifier (SCR) if the output voltage exceeds a 
preadjustab le I imi t on the protector (see paragraph 1- 12 for spec ifi ca tions). 

el JOE Power Supplies with suffix "Y" are eq uipped with a separate control-amplifier and additional 
programming terminals for remote contr ol of the output current. Option "E" is included w ith the "Y" 
op ti on models. 

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

1-9 ACCESSORIES 

a) RACK ADAPTOR (FOR TWO UNITS: KEPCO MODEL RA 24. Fits standard EIA rack dimensions. 

b) Fl LLER PANEL, to cover empty slot if RA- 24 is used Im one un it only : KEPCO MODEL RFP 24- 2. 

cl RACK ADAPTOR PANEL KEPCO MODEL RAP 24-2J for installing meterless models into RA 24. 

cl) 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 (selec table, refer to SECTlmJ II), 50 to 68 Hz,* 
single phase. Refer to the table of genera l spec ifications (TABLE 1-1) for the AC inpu t current fm each 
model. Approximate power factor : 0.9 . 

b) OPERATING TE MPER A TURE RANGE : (- )20°C to (+)71 °C (without derating of the output) 

'Consult factory for operation on power line frequencies above 65 Hz . 
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c) STORAGE TEMPERATURE : - 40°C to (+)85°C. 

d) COOL ING High eff iciency, sing le bearing fan, (permanently lubri cated) with spec ial low noise 

non-meta l blade. 

c) ISOLATION : A maximum of 500 vo lts (DC or p-p) can be connected between chassis and either output 

terminal. The common mode cu rrent from output to ground is less than 5 micro amps 1·ms, or 50 micro 
amps peak to peak at 115V AC, 60 Hz. 

1-11 SPECI Fl CATIONS, ELECTR ICAL 

a) Refer to TABLE 1-1and1-2 
MAX 

INPUT 
ck OUTPUT OUTPUT IMPEDANCE AMPS 

MODEL RANGE VOLTAGE MODE CURRENT MODE (3) at 125 
VOLTS AMPS de OHMS + SERIES L de OHMS + SHUNT C V ac 

JOE 6-22 0-6 0-22 14µSJ + 0.5µH 23 kSJ + 5.8 kµF 4.2 
JOE 6- 45 0-6 0-45 7µD + 0.5p 11 kD + 8~ 9.0 
JOE 15-12 0-15 0-12 63 j~ _ _D, + 0.5 _g_H 42 kD + 300 _H? 4 .0 
JQE 15- 25 0-15 0-25 30~ + 0.5 _g_H 20 kD + 4.5~ 8.4 
JOE 25-10 0-25 0-10 125 _g_D, + 0.5 _g_H 50 kD + 2.4 kgF 5.3 
JOE 25-20 0-25 0-20 63_g_SJ + o .5_g_H 25 kD + 4.3~F 10.5 

JOE 36- 8 0-36 0-8 225_g_D + 0.5_g_H 62.5 kD + 1.4~ 6.0 
JOE 36-15 0-36 0-15 120 µD, + 0.5 µH 33 kD + 3 .6 kµF 9.5 
JOE 55-5 0-55 0-5 550_g_SJ + 1 µH 100 kD + 850 J1!' 5 .0 

JOE 55-10 0-55 0-1 0 275~ + 1 _g_H 50 kD + 2.1 kµF 9.0 
JOE 75-3 0-75 0-3 1.25 mn + 1 _g_H 165 kD + 850 µF 4.0 

JOE 75-8 0-75 0-8 469Jjg_ + 1 _g_H 62.5 kSJ + 1.2~ 10.0 
JOE 100-2.5 0-100 0-2.5 2mn + 1 _g_f-1 200 kD + 600 µF 4.5 

JOE 100-5 0-100 0-5 1. 25 mn + 1 µH 100 kD + 600 _H? 8.4 

JOE 150-1.5 0-150 0-1 .5 5mSJ + 2 µH 330 kD + 440 µF 4.6 

JOE 150-3.5 0-150 0-3.5 2.2 mn + 2 µH 140 kD + 440 µF 8.7 

NOTE : Specif ica ti ons for metered models (suff ix "M") are id entica l. 

TABLE 1-1 JOE (y, RACK) GROUP, SPECIFICATIONS 

NOT E: Kepco has adopted new techni ca l ter ms recommended by the International E lec trotechnica l Commission I I EC). These terms 
replace or supp leme nt previously used express ions tc> avoid difficulties in translation and prevent erroneous interpretations at 
home and abroad . 

In this instruction manual, Kepcod iscontinued the use of thespP.cificat ionsen t itled "li ne regulation" and "load regulation." 
Instead, Kepco w ill fo ll ow the recornrnendation of the IEC ond speak ol the "Output Effects, cau sed by changes in the 
influence Quantities." The "Output Effects" are specifi ed ei ther as a percentage change re ferred to the rnaxirnurn spec ified 
ou tput voltage (E 0 ) or curren t (1 0 ) or as an absolute change (6E 0 , 6 10 1 directly in millivolts or milliamperes o r both . The 
" Influence Quantities" are the "Source Var iotions" (formerly a-c line variations) , the "Load Variations" (former ly load 
reg ulation), the "Temperature Variations" (no change, st ill specified as a coetficient) and the " Time Variations" (f ormerly 
stabi lity) . The illustration below will c larif y the use of the new termino logy. 

INFLUENCE QUANTITIES 

I) SOURCE VARIATIONS 

2) LOAD VARIATIONS 

3) TEMPERATURE VARIATIONS 

4) TIME VAR IATIONS 

AC INPUT SOURCE (FORMERLY "AC LINE" 

t POWER SUPPLY 

UNDER 

TEST 

Eo or Io LOAD 

1 
l 

~ 

OUTPUT EFFECTS (6Eo. 61 al 

1) DUE TO SOURCE VARIATIONS = SOURCE EFFECT (former ly LINE REGULATION) 

2) DUE TO LOAD VAR IATIONS = LOAD EFFECT (former ly LOAD REGULATION) 

3) DUE TO TEMPERATURE = TEMPERATURE COEFF I C I ENT. (COEFFIC I ENT, NO CHANGE) 

4) DUE TO TIME = DRIFT . . .. (former ly STAB ILITY ) 

1 2 JQE 1/z/3-75 



bl VOLTAGE RECOVE RY TI ME (for step load current ) , <50 µsec. 

c) OVERSHOOT: No output vo l tage ove1·shoo t from turn-on , tu rn -off, o r power fa ilure for output 

se ttings above 25% of max imum rated output vo ltage. Below 25%, output vo ltage ove1·shoo1 is a 

fun ction of load cur rent and is neg ligib le for loads in excess o f 10% of the max imum rated load cmrent. 

OUTPUT EFFECTS AMP LI FIER OFFSETS(4 ) 

INFLUENCE QUANTITY VOLTAG E MOOE CURRENT MODE VOLTAGE CURRENT REFERENCE 

L'iEo L'i lo L'i Eo L'i lo 6 .2V 1: 5% 

SOURCE: 105- 125/210-250V a·c < 0.0005% < 0 .005% < lOµV < 2 nA 0.0001 % 

LOAO: No load - full load < 0.005 % or 0 .2 mV (l) < 0.01% < 200 µV < 5 nA -

TIME: 8-hours [drift] < 0.01 % or 1 mV ( l ) < 0 .02% <20µV < 2 nA 0.00 5% 

TEMPERATURE: Per ° C < 0 .01 % (2 ) < 0.02% (2 ) <20µV < 5nA 0.00 5% 

UNPROGRAMMED 

~ 
< 0.2 mV < 0.02% of 10 max 

OUTPUT DEVIATION: (5 l 
- - -

(Ripple and noise) < 1.0 mV < 0. 1% of 10 max - - -

( 1 ) Whichever is greater. 

(2) Models with suffix "T' have 0 .005% and 0.01 % per °C Temperatu re Coeff ic ients in t he Vo ltage and Current Mode respective ly . 

(
3

) Current Mode Output Effects (6 10 ) are measured across t he externa l sens ing resistor. This res istor m ust be a high qua lity, 
wirewound unit, with a wattage at least 10 times the actual power di ss ipated, have a Temperature Coeff ic ient of 20 parts per 
million or better and drop a sample voltage of 1.0 volt at t he measuring current. A res istor built as a 4-te rmina l network is 
recommended. Current control is exercised with an external 20 PPM feedback res istor. 

(4 ) Offsets and the reference contribute to output effect /':£ 0 by the equat ion /':£ 0 = ±l'!Eref (Rf/R ;) ±l'!E ;0 (1 + Rf/R;) ±61;0 (Rf) 
where Rf is the feedback resi stor and R; is the input re sistor from the signal refe rence. Use th e offsets to calculate output effe cts 
when external input/feedback e lements a re subst ituted for the inte rna l reference and vo ltage contro l in spec ia l app licat ions. 

( 5 ) Valid with one output terminal grounded or connected so that t he common mode cu rrent (see par. 1· 10e) does not flow through 
the load or (in the current mode ) through a sensing resistor) . 

(G) 20 Hz to 10 MHz. 

TABLE 1-2 JOE (Y2- RACI<) E LECTR ICAL SPEC IF ICAT IONS 

1-12 SPECIFICATIONS, PER FORMANCE 

a) VO LTAGE CONTROL CHANNEL. 

1) LOCAL OUTPUT VOLTAGE CONTROL *: 10-turn precision rheosta t at the front panel , 

resolu t ion : 0.05% of the maximum rated output vo ltage (E 0 max .) Contro ls output voltage from 

zero to E0 max. 

2) REMOTE OUTPUT VOLTAGE CONTRO L : External cont1·01 can be exercised by resistan c2 

(1000 ohms per vo l t of output), or by a control vo ltage (refer to Section Ill for details). Contro l 

is "operati ona l ," w ith the JOE fun ct ioning as a unipo lar power amplifier (p lus output termina l 

common) . 

3) OFFSETS: JOE mode ls w ith suff ix "E" and w ith suffi x "Y" have provi sions to zero the initia l 

(stat ic ) o ffset vo ltage. The output effects resulting fr om the off se t variations are specified in 

TAB LE 1-2. The total output effects (worst case) may be ca lculated fr om the relationsh ip : 

w here: L'iE 0 = to tal output vo ltage variation 

L'>Er = Change in reference or input vol tage 

Rt = Internal vo ltage control or external feedba ck resistor 

Ri = Input or refP. 1-ence resistor 

L'>Eio. L'i l io = Tabu lated offset va ri ations 

4) GA i N . The open loop gain o f the vo ltage contro l channel is grea ter than 0.5 X 106 vo l ts per vo l t. 

5 ) REFERENCE: 6.2 volts nom inal, positive w i th respect to common (+OUTPUT), 1 mi l liampere 
max imu m 

6) REMOT E ERROR SENS ING : Rear termi nals provide for connecti on of e1·ror sensing leads 

directly at the load. The fou1·- termina l load connection compensates for the voltage drop along 

the load wi res. Up to 0.5 vo lt per load w ire can be compen sated usi ng remo te sensing. Tho supp ly 

output vo l tage is one vo l t greater than normally spec ified for thi s purpose. 

b) CURREN T STAB ILI ZATION . 
1) LOCA L OU TPU T CURREN T CON TROL *: 10-turn precis ion 1·heosta t at the front pane l , 

contro ls the curi·ent limit from 10% to 105% of the 1·a ted output curren t (10 ) . 

• Knob co ntrolled on al l me te red mode ls (suff ix "M") . Locki ng type screwdri ver 
control s o n unmetered models. 
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2) REMOTE OUTPUT CURRENT CONTROL . Standard JOE models do not have provisions for 

external contrnl of the cun·ent limit. JOE 111odels wi1 h suffi x "Y' have an additional current 

control channel. Separate 1·ea 1· tem1inals are provided, permilting external control (by 111eans of 

an external control potentiome1er or a control vo ltage) ove1· 1he current limit fun c tion . The 

control voltage may be der ived across the bu i It-in reference vo ltage by means of a vo l tage cl iv icier 

circuit , or an independent contro l vo l tage fr om a separate progralTllTling source can be used 

( Kepco SN Progra1T11T1e1·, for exalTlp lel. JOE n1odels w ith suffix "Y" have a specia l addendum 

sect ion at the 1·ear of the insuuction manual It contains d1rec1ions for the operation of the 

cLn-rent progra/Tl/Tl i ng funct ion. 

31 REMOTE CURRENT CONTROL USING THE VOLTAGE CONTROL CHANNEL The voltage 

control channel of the JOE powe1· supp ly may be used for the p1·ecision control of the output 

current. Using an external current sensing resistor and current control rheos tat, the voltage 

channel is reconnected (by 111eans of the rear barrier ter111ina ls), to sense the drop across the 

externa l resistor in the positive output lead. The curi·ent range achievable is approxi111ately from 

1 mil lialTlpere to 100% 10 for standard mode ls and from 1 111icroa1T1pere tu 100% 10 for models 

with suffix "E" (see Section Ill for furthe1· details ). 

c) DYNAMICS. 

1) VOL TAGE RECOVERY FOR STEP -LOAD CURRENT The time requi1·ed fOI- the stabilized 

output vo l tage to recover within the load effect band (or 2 ITlV, whicheve1· is greater) is less than 

50 microseconds. 

2) CURRENT RECOVERY FOR STEP -LOAD VOLTAGE : The time requi1ed tor t he stabili zed 

output current to recover within the load-effec t band is governed by an (exponential) RC ti111e 

constant, where "R " rep1·esents the load resistance and "E" is the tabu lated (TABLE 1-11 shunt 

capacitance. 

3) PROGRAMMING SPEED. The rate at which the JOE power supp ly responds to a step-program is 

determined by the setting of the current li lTlit control, the va lue of the load resistance and the 

tabu lated (TABLE 1-1) shunt capacity. 

4) OUTPUT IMP EDANCE (See Table 1-1) The DC and low frequency va lue is given by the 

tabulated (Table 1-2) load effects. With increasing frequen cy, the output impedance becomes 

asylTlptot ic to the tabulated (Table 1-11 series inductance (Voltage Mode) or shunt capac itance 

(Current Mode) 

cl) GENERAL. 

1) SER I ES/PARA LLEL OPERATION : JOE mode ls may be operated in se1·ies or parallel modes of 

operation and can be interconnected for "Master - Slave" tracking. NOTE · JOE MODELS WI TH 

OPTION "VP" (BUILT-IN CROWBAR) CANNOT BE PARALLELED. SEE SECT ION 111 FOR 

FURTHER INFOR MAT ION . 

2) CROWBAR SPEC IFI CAT ION S (MODELS WITH SUFF IX "VP") The electronic "crowbar" 

circuit consists of a si li con controlled rectifier (SCRI and a sensing alTlp l ifier. The power supply 

output is shorted by the SCR if the output vo ltage exceeds a pre-adjustab le limit. 

Adjustab le Li111it Range: 3 volts to E0 111ax. 

Triggering TilTle : 5-10 microseconds, wi th ad1ustable delay to minilTli ze fa lse ti·iggering. 

Thresho ld. Lirnit point rnay be set to within 5% of E0 or 0.25 vo lt , whichever is greater. The 
initial setting shou ld account for a 2% of E0 warlTl-up settling effect. 

Crowbar Temperature Coefficient: 0.05% of E0 per 
0 C. 

1-13 SPECIFICATIONS, MECHANICAL 

1-4 

a) 

b) 

c) 

DIMENSIONS AND FINISH : Please refer to the "Mechanica l Outline Drawing," FIG. 1-3. 

METERS (MODELS WITH SUFF IX "M") : Two dual-range (100% and 10% of E0 111ax. and 10 111ax), 
2- in ch recessed panel rnete1·s, 3% of full sca le accu1·acy For output vo ltage and current monitoring. 

BAIL . A retractrible "bail" is provided for conven ient bench operation of the JOE powe1· supp ly. 
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REAR PROGRAMMING TERMINAL FUNCTIONS 

-H 23.0EXTEllOE:O 
I. (+) OUTPUT MONITOR 7. R• {REF.RESISTOR) 

2. I+) SENSING a Er(REF.VOLTAGEl 

METER RANGE 

SELECTOR SWITCHES 

9~ !21L91 -!-----____, 

123.4) 

6t (l65J) -----' i? 

1 ,I _r-ir"·" 

11t 
(44lJ) 

3. H OUTPUT MONITOR 9. RdREF.RESlSTOR) 

4. 1-1 SENSING IQ l
0
REFERENCEl1J 

5. Rvc. (VOLTAGE CONTROl 11. lo CONTROL (II 

l b CAL 
6 NULL JUNCTION 12. (-)Rs(COMMON)rn 

Eio ZEROtoPTIOtl "E" I 
.. (l)MQOELS WITH OPTIOll '( QljLY. 

lrlTERljAL COIHROLS fOfl 
!,'QQELS WITHOUT 0?Tl01j "'(" 

PROGRAM.V~NG TER.\'"NALS 
KULKA ELECTRIC CO. -­
N.599-2020-9 

t (9.5)T:.1 __ 
- 1-­

fi111.s1 

CHASSIS 
GROUND 

P.'iOGR AMl,rnlG l(R'.m/ALS 
(11.00ELS WITH QPl lO:I -y~ O:ll..VI 

TO HUBBELL No. 5266 

DD ____ _ 

D 
D VENTILATED 
! TYPICAL FOR 

i 
DD~----

D D ___ DD@ 
D D 

I 
I 

____ O D 

ALLOW MINIMUM 2"(50.8) 

FOR LINE CORD BEND 

NOTES: 

TH IS DRAWING USED FOR MODELS JOE6-22M,JOE15-12M, 

JOE25-IOM, JOE36-BM, JOE 55-5M , JOE 75-3M, JOEI00-2.SM, JOE 25-20M, 

JOE 36-15M , JOE55-IOM, JOE 75-BM, JOE 100-SM, JOE 150-l.5M JOE 150-35M. 

2. FRONT PANEL TERMINALS ARE NOT AVAILABLE ON 

MODELS JOE6-22M,JOE25-20M. OPTIONS "E", " T " , "VP","y" SHOWN. 

3. MATERIAL: Al COVER= M-18 GAUGE C. R.S. 

4. FINISH: 

Bl FRONT PANEL: 1/8 THICK ALUMINUM. 

C) CHASSIS= U 14 GAUGE C. R.S. 

A) COVER= CHARCOAL GRAY VINYL TEXTURE , 

Bl FRONT PANEL: LIGHT GRAY PER FEDERAL 

STD. 595, COLOR H 26440. 

Cl CHASSIS: CADMIUM PLATE WITH A CHROMATE \'/ASH. 

5. RACK MOUNTING REMOVE t-IANOLE, (2) REAR FEET ANO 

FRONT BAIL. 

6. (4) PLASTIC MOUNTING INSERTS, (2)UNOER REAR FEET, 

FOR 8-IBX5/8 SELF- THREADIMJ SCREWS. (1/2"/,IAX. PENETRATION) 

7. O:MENSIONS IN PARENTHESES ARE IN MILLIMETERS. /"'"'"'' ·~ SH t/OTES5 ANO 6 8. TOLERANCES: 

Al BETWEEN MOUNTING HOLES: !lf64 INCH {? 0.4 MILUMETER). 

Bl ALL FRC»lT PAf.EL Dltl.ENSIQNS: SEE MIL. STD. 189. 

C) ALL OTHER DIW.EN~ONS: 

FIG. 1-3 MECHAN ICAL OUT LIN E DRAWING 

JQE1f2M-H/6-75 

t l/32 INCH (tQ.8 MILUMETER), 

EXCEPT AS NOTED. 

1-5/ 1-6 





SECTION II - INSTALLATION 

2-1 UNPACKING AND INSPECTION 

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

2-3 TERMINATIONS 

a) 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 

DESIGNATION CONTROL 

C403" Delay Adjust 

R4 lb Adjust 

R14 • Eio Null Adjust 

R16,R36 Lag Adjust 

R19 10 max. Adjust 

R414 * V Limit Adjust (Fine) 

R415* V Limit Adjust (coarse) 

*NOTE: Optional controls, see paragraph 1-7. 

TABLE 2-1 INTERNAL ADJUSTMENTS 

C403 
DELAY ADJ. 

VOLTAGE 
PROTECTOR 

(OPTION) 

FRONT 

PURPOSE 

Adjusts Delay Time of VP 

Control Current Calibration 

Output Voltage Precision Zero 

AC Stability Adjustment 

Current Limit Control Cal. 

Adjusts Output Voltage Limiting 

Adjusts Output Voltage Limits 

R14, E10 NULL (OPTION) 

R4, Ib ADJ. 

R16, LAG Ir. 

Rl9, Io MAX. 

ADJUSTMENT 

PROCEDURE 

par. 3-6 

par. 3-12 

par. 3-12 

par. 5- 4 

par. 5-4 

par. 2-8 

par. 2-8 

FIG. 2-1 LOCATION OF INTERNAL ADJUSTMENTS (NOT APPLICABLE TO "-HS" MODELS) 
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2-4 AC INPUT REQUIREMENTS 

2-5 This power supply is normally supp lied for operation on a single phase, nominal 11 5V AC li ne. For conversion 
to 230V AC line operat ion, refer to F IG. 2-2. Remove the two w ire jumpers between transformer terminal s 
ind icated. Re-connect one ( 1) jumper between termina ls indicated. Do not change any other w iring on the 
transformer. Change ma in fuse va lue ( F201) to 1 /2 its former rat ing . 

~: ONE JUMPER (3-4) 
FOR 230 VAC TWO JUMPERS (2-3) (5-6) y~~4 

FOR 11 5VAC l .ri
5 1fLJ ( REMOVE 115 VAC 

6 
JUMPE RS) 

(REMOV E 230 VAC JUMPERS) 

JQE HALF- RACK PARTIAL S IDE VIEW 

TWO JUMPERS (1.2 ) (34 )~: ,__O_N_E_J_U_M_P-ER- (2---3) __ __, 

FOR 115 VAC I ~)03 FOR 230 VAC 

(REMOVE 230 V AC JUMPERS) 

4 

Os ( REMOVE u s vAc 
JUMPERS) 

06 1-------------1 

07 
JQE H ALF- RACK PART IA L S I DE VIEW 

FIG. 2-2 CONVERSION TO 230V AC LINE OPERATION 

1 

1 

FOR MODELS: 

JQE 6 -45 (M ) 
JQE 1 5-25 (M) 

FOR ALL OTHER 
l/2RACK 
JQE MODEL S 

2-6 COOLING 

2-7 The power transistors and rectifiers in th is power suppl y are maintained w ithin their operating temperature 
range by means of a high eff iciency heat-sink assemb ly, coo led by an internal fan. SIDE PANEL OPEN INGS 
AND THE TOP OF THE CASE MUST BE KEPT CLEAR FROM OBSTRUCTIONS TO INSURE PROPER 
AIR CIR CULATION . Per iod ic cleaning of the interior of the power supply is recommended. If the power 
supply is rack mounted, or installed in to confined spaces, care must be taken that the ambient temperature 
does not ri se above the I imit spec ified (Refer to Sect ion I) . 

2-8 PRELIMINARY CHECK-OUT 

2-9 A simple operat ing check after unpack ing and before permanent instal lat ion is advisable, to ascertain whether 
the power supply has suffered damage resulting from sh ipment. Please refer to FI GS. 2-3, 2-4 for the locat ion 

of the operating controls and output terminals. 

2-2 

a) Connect power supply to 115V AC line or refer to paragraph 2-4 for 230V AC operat ion if required . 
b) Turn CURRENT LIMIT CONTROL fu ll clockwise. Turn VOLTAGE CONTRO L fully counter 

clockwise. Both , VOLTMETER RANGE * and AMMETER RANGE* switch should be in the "x 1" 

position .. 
c) Turn AC POWER SWITCH "on". The AC Pl LOT LI GHT* shou ld be energi zed. Slowly turn VOLTAGE 

CONTROL clockwise and observe the gradual increase of the output voltage. Turn coun ter clockwise 
aga in until about one tenth of the max imum output voltage is reached . Set VOLTMETER RANGE 
switch* to the "x0.1" posit ions.** The VOLTMETER * shou ld now read full scale aga in. Turn AC 

POWER SWITCH "off". 

*AC pilot light, range switches and meter ing provided on mode ls w ith suff ix "M" on ly. Connect appropriate 
external metering to meterless models. 

**See note following paragraph 2-9e. 
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3 

v A 

ON VOLTAGE I LIMIT 
(+)@ 

GRD@ 
(-}@ 

8 

6 5 

FIG . 2-3 FRONT PANEL CONTROLS AND TERMINATIONS.HALF- RACK JOE MODELS 

CONTROL OR 

NO. TERMINATION FUNCTION 

1 AC POWER SWITCH/ TURNS AC POWER LINE, "ON" OR "OFF" AND PROTECTS POWER 

CIRCUIT BREAKER SUPPLY INPUT CIRCU ITR Y 

2 AC Pl LOT LIGHT ENERGIZES WHEN AC POWER IS "ON" 

3 VOLTMETER MONITORS OUTPUT VOLTAGE , O-E0 max. 

4 AMMETER MONITORS OUTPUT CURRENT 0-1 0 max . 

5 CURRENT LIMIT CONTROL ADJUSTS CURRENT LIMIT FROM 0-105% 10 max. 

6 VOLTAGE CONTROL ADJUSTS OUTPUT VOLTAGE FROM ZERO TO E0 max. 

7 METER RANGE SWITCH, MAY BE SET TO FULL SCALE READING OF MAXIMUM OR 

AMPERE 1/10 OUTPUT 
·-

8 METER RANGE SWITCH, MAY BE SET TO FULL SCALE READING OF MAX IMUM OR 

VOLTS 1/10 OUTPUT 

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

AND LOWER ONLY) 

Tl\BLE 2-2 CONTROLS AND TERMINATIONS.HALF-RACK JOE MODELS.FRONT 
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D D D D 
0 

I I I I VENTILATED AREA 
I VENTILATED AREA 

I KEEP CLEAR I I KEEP CLEAR I 
I 

I I 
I I 

() 

I I 
D D D D 

a) MODELS WITH LESS THAN 25A DC OUTPUT CURRENT b) MODELS WITH 25A DC AND 45A DC OUTPUT CURRENT 

2-4 

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

NO. TERMINATION FUNCTION 

1 (- -)OUTPUT * NEGATIVE LOAD TE RM INAL WITH GROUNDING POST 

2 (+)OUTPUT *POSITIVE LOAD TERMINAL WITH GROUNDING POST 

3 REAR BARRIER STR IP PROGRAMMING AND MONITOR TERMINALS: 

( 1) (+)OUTPUT MONITOR 

(2) (+)ERROR SENSING 

(3) (- )OUTPUT MONITOR 

(4) (- )ERROR SENSING 

(5) INTERN A L VOLTAGE CONTROL 

(6) NULL JUNCTION (AMPLIFIER INPUT) 

(7) REFERENCE RESISTOR 

(8) REFERENCE VOLTAGE 

(9) REFERENCE RESISTOR 

4 CHASSIS CON NECT ION "' FLOATING GROUND LE AD TO GROUND 

EITHER (+) OR (- ) OUTPUT V IA GROUND POST 

5 AC INPUT 3 WI RE SAFETY LIN E CORD 

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

'MODELS WITH LESS THAN 25A DC OUTPUT CURRENT (FIG. 2-4a) DO NOT HAVE 

GROUNDING POSTS. THE CHASSIS CONNECTION ON THESE MODELS IS A 

TERMINAL INSTEAD OF A FLOATING GROUND LEAD. 
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d) (M odels suffixed "-VP" on ly) Check the "crowbar" action of the overvoltage protector by first 

adjusting the VO LTAGE CONTROL to about one quarter of the rated outpu t voltage. Locate the 

"V 1i mit" ad justments (R414,41 5,refer to FIG. 2-1) and turn the "Coarse" ad justment (R415) slowly 

coun ter clockwise unti l the output vo ltage goes suddenly to zero as ovserved on the panel meter. Turn 

AC POWER SWITCH "off". Turn the coarse "V1imit" con trol (R415) ful ly clockwise aga in. 

e) Place a short circui t across the output.* Turn CURRENT LI MIT CONTROL counter clockwise. Turn 

AC POWER SWITCH "on". Slowly turn CURRENT LIMIT CONTROL clockwise and observe the 
gradual increase in output current. Turn counter clockwise until about one tenth of the max imum 

output cu rrent is reached. Set AMMETER RANGE switch to the "x0.1" posit ion. The AMMETER 
shou ld now read ful l sca le again. 

1) DO NOT SWITCH TO THE "X0.1" RANGES BEFORE THE OUTPUT OF THE POWER 
SUPPL Y (VOLTAGE OR CURRENT) IS BELOW 10% OF THE MAX IMUM RATED VALUES. 

2) CONNECT SHOR T Cl RCU IT (OR LOAD) TO THE HEAVY DUTY OUTPUT TERM INALS, 
NOT TO THE BARR IER STR IP. BARR IER STR IP TERM INALS ARE FOR VOLTAGE 
MON ITOR ING AND PROGRAMMING CONNECT IONS ONLY. 

2-10 INSTALLATION (Refer to FIG. 1-3 "Mechanical Outline Drawing") 

2-11 The metered JOE Power Supply (Models with suffix "M") may be used as a bench-operated instrument. For 

these units, a retractab le "bail" is prov ided to lift the power supply front to a conven ient viewing and 
operating angle. I f the metered JOE supply is to be rack -mounted, t he ba il , the two rear feet and the side 

handles must be removed. 

2-12 The unmetered JOE Power Supply can be direct ly chassis-mou nted in to any system. Four nylon mounting 
stand-offs are provided at the bottom of the unit. If no additional mechanical support is prov ided, the unit 

must always be mounted so that its we ight rests on the four mount ing stand-offs. 

2-13 For all insta ll at ions into confined spaces, care must be taken that the temperature immed iate ly surrounding 

the unit does not exceed the max imum specified amb ient temperature (71 °C). 

2-14 GROUNDING 
a) AC GRO UND (Models with suff ix "M" on ly). The power supply is equ ipped w ith a 3 w ire safety li ne 

cord and polar ized plu g. The th ird (green ) w ire in the line cord is connected to the chassis and the case 
of the unit. If a two terminal receptacle in comb inat ion 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 wi th a th ree term inal barrier strip 
for AC input. The terminal marked "GRD" is d irectly connected to the power supply chassis and must 

hP. returned to AC ground. 

c) DC GROUND. The DC output is iso lated from the AC power line and from any direct connect ion to 

chassis or ground. * The maximum voltage that can be supported between either output term in al and 
ground or chassis is 500V DC plus the max imum output vo ltage of t he power supply. Either side of the 
output may be grounded . Conven ient grounding terminals are prov ided at the front panel b ind ing post 

and the rear barrier str ip. 

*A capac itor-resistor network ( C5, R25) is con nected from the negative (-) output termina l to chassis. If the output 
is to be grounded externally , this in terna l ground can be opened by removing C5 from the amp li fier board (A 1, see 

FI G. 6-2). 
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SECTION Ill - OPERATION 

3-1 STANDARD POWER SUPPLY OPERAT ION, LOCAL CONTROL 

3-2 GENERAL. The Power Supply is shipped from the factory with five (5) removable jumper links in place at 
the rear barri er strip {TB501) as shown in F IG. 3- 1. THESE LIN KS MUST BE IN PLACE AND SECURED 
TIGHTLY for standard loca l operati on. Loose terminal links or w ires at the barrier strip w ill cause 

mrilf1inr.tion of the oower suoolv . 

3.3 LOAD CON NECTI ON The load may be connected in any ot the two way..:, ill us trated (FI G. 3· 1,3-2). Load 
connecting w ires shoul d be as heavy as prac ti cab le, since load w ire vo ltage drops will degrade regulati on 

performan ce. Twisting of load w ires w ill help to preserve the low output impedance of the power suppl y. To 
keep the DC vo ltage drop in the load connec ting w ires t o a minimum, and to preserve the dynamic 

characteri sti cs of the power supply (AC stability , output impedance and recovery ti me), load w ires and error 
sensing leads should be as short and as large in diameter as practi cable. Both lead pairs should preferably be 
tightl y tw isted. For minimum ripple and noise p ick-up, the error sensing leads must be shielded. The shield, as 

we ll as one side of the output (preferab ly the posit ive). should be returned to the common ground point 

(Refer to FIG 3-2 ) 

THE LOAD MUST BE CONNECTED TO THE HEAVY DUTY OUTPUT TERMINALS AT THE 
REAR, NOT TO THE BARRIER STRIP. BARRIER STRIP TERMINALS ARE FOR 

MONITORING A ND PROGRAMMING PURPOSES ONLY . 

3-4 REMOTE ERROR SENSING 

3-5 Specified regulation performance DIRECTLY AT THE LOA D requires the use of remote error sensing. A 
twisted, shielded pair of wires from the sensing terminals directl y to the load will compensate for load wire 
voltage d;ops up to 0.5 volt per wire {R efer to FIG . 3-2). Observe polarities : The positive sensing wire [from 

terminal (2)) goes to the positive load wi re. 

HEAVY- DUTY REAR 
OUTPUT TERMINALS 

~ 
I 

I 
- -, 

--t=-

(-) 

FIG.3-1 LOAD CONNECTION 

AND STANDARD JUMPER LINK 

CONNECTIONS WITHOUT 

ERROR SENSING 

C J - H-F/20-69 

TB501 

4 

OUTPUT(+) 
MONI TOR 

(+) SENSING 
(COMMON) 

MON ITOR 

(- ) SENSING 

FIG . 3-2 LOAD CONNECTION 

USING REMOTE ERROR 

SENSING 

OUTPUT(+) 
MONITOR 

(+) SEN SING 
(C OMMON) 

OUTPUT (- ) 
MONITOR 

(-) SENSING 

JUNCTION 

3-1 



3-6 OUTPUT ADJUSTMENT (Refer to FIG.'s 2-1 <1nd 2-3 for the location of all controls) 

3-7 a) Once the load is connected to the output terminals of the power supply as described in the previous 

paragraphs, 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 cu rrent. The CURRENT LIMIT CONTROL may also be set to intermed iate values, as desired, 
by first turning the AC POWER SWITCH to the "off" position and then placing a short circu it across 
the output. Turn AC line "on". Now the required operating current is adjusted by turning the 
CURRENT LIMIT CONTROL to the value needed plus~ 2%. The output current wi ll now limit 
sharp ly at this value. After the short is removed from the output, the vo ltage protector can be set. 

b) (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" contro l** (R41 5) slowly counter 
clockwise, until the power supply output "crowbars", indicated by the output vo ltage going to zero and 
the circuit breaker shutt ing 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 
thi s last adjustment, which shou ld therefore be made with the "f ine" contro l, R414. A too close 
adjustment towards the operating voltage may lead to spurious triggering, espec ially if the "delay" 
adjustment is set for max imum sensitivity . The minimum "threshold" voltage adjustable is 0.5 volt.) 
Adjust the "delay" capacitor (C413) if required. This control is factory ad justed for maximum 
sensitivity , consistent with reliable operat ion withoL: t spurious triggering. It needs re-adjustment only if 
extremely sensitive loads must be triggered in the sf ortest time possible and if some spurious triggering 
can be tolerated. Now the load can be connected to the power supply and operation can commence. 

* Use external metering for meterless models. 

** If model has only a "fine" control ( R414), all VP Adjustments are made with th is contro l. 

3-8 INTRODUCTION TO REMOTE PROGRAMMING 

3-9 GENERAL. A few general remarks may be in order to fam iliar ize the user of this equ ipment with the 
terminology and basic equat ions pertaining to remote programming of Kepco Power .3upp lies. Electrically, the 
power supply, consists of the unregulated DC source (Eu). the pass element (Epl. the DC error amp lifier (A) 
and a comparison circuit which resemb les a four-arm electrica l bridge. (Refer to FIG. 3-3). The elements of 
the bridge are arranged to produce a virtual zero at the amp I ifier input when the bridge circu it is at balance 
( V AA· = O). Any tendency for the output voltage to change in relation to the reference voltage (Er) creates an 
error signal (e) which, by means of negative feedback and the amp lifier, tends to correct the output voltage 
towards restoration of bridge balance. 

3-2 

REFERENCE 
RESISTOR Rr 

REFERENCE VOLTAGE 
(EXTERNALLY ENER­
GIZED ZENER DIODE) 

Ib' BRIDGE CURRENT 

A 
- NULL JUNCTION 

Rvc VOLTAGE CONTROL 

•~ E UNREGULATED 
/ u SOURCE 

) 

( /~. PASS· ELEMENT 
'v 

A'~ COMMON POINT 

OUTPUT 
VOLTAGE Ea 

! 
+ 

FIG. 3-3 KEPCO POWER SUPPLY CIRCUIT WITH COMPARISON BRIDGE (SIMPLIFIED) 
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3-10 EQUATIONS SHOWIN G THE OPERATION OF THE KEPCO BRIDGE 

3- 11 The fol lowing relationshiris govern the oper·ation of the Kepco Bridge at ba lance, i.e., wi th V AA,= 0: 

a) 
Eo RVC (1) Where: Ea Output Vo ltage 

Er Rr Er Reference Voltage 

Er 
lb 

(2) Rr Reference Resistance 

Rr Rvc Control Resistance 

Eo lb Rvc (3) lb Bridge or Control Current 

b) The ratio of the number of ohms control-resistance needed per vo l t outpu t is termed the "CONTROL 

RATIO". It is norma ll y 1000 ohm/vo l t in KEPCO Power Supplies. 

c) As can be seen from equation (1), the output voltage E
0 

can be con tro ll ed by varyi ng any one of th e 

thrne quan titi es. Rewriting eq uati on (1) we have: 

Er 
Eo = R x Rvc 

r 
E 

The rati o _ r co nsti tut es the br idge or contro l current lb . (Eq. 2). 
Rr 

d) TllP.refore, we can w r ite: E
0 

= lbRvc (Eq . 3) . 

Mak ing lb a prec ision quantity (precision bridge current adj ustment is described in par. 3- 16), 

es tab l ishes a precise programming rntio, so that the accuracy of E
0 

is so lely dependent upon Rvc· This 

mode of operati on is refer·red to as "RESISTANCE PROGRAMM ING" and is covered in detai l in 

Par·. 3- 19. 

P.) Rewr·i ting eq uation ( 1), E
0 

RVC 
ErR , we can make Er the var iab le w hich contro ls E

0
. 

r 

Thi s type o f control is refer·ed to as "VOLTAGE P ROG RAMM I NG" and is covered in Par 3-25. 

f) Many o ther modes of contro l are of cou rse poss ible, sorne o f them are described in the fo ll owi ng 

paragraphs. For a more extens ive treatment and a detai led theo rec t ica l view of power supp ly 

app li ca tions see th e current KEPCO App lication Literature, availab le from your Kepco Representati ve 

or direct ly from Kepco App l ica ti ons Engineering Department. 

NOTE : For all programming and ad justment components, use high qua li ty, wire-wound, res istors 

w ith a T .C. of 20 p.p .m. or better. 

3-12 ADJUSTMENTS FOR EXACT PROGRAMMING RATIO ~ 

3 -13 Refen·inq to equation (3) E
0 

= lb Rvc· it is seen that if lb = 1 rnA, 1000 ohms o f cont ro l r·esis tance (Rvc )is 

needed for each volt o f output. Making lb therefore a precision quantity thP. accuracy and lineari ty o f the 

ou triut vo l tage wil l thP.n so lely depend upon Rvc· 

3 14 Agai n referinq to equat ion (3), we see that if Rvc = 0 ( shorted out ) , the output vo ltage shou ld be zero. A srna l I 

nega tive of fse t vo l tacie (in the mi lli volt ran ge) exists however under th is condition at the output. 

3- 15 Both inaccuracies, thP. slightly larger br idge current (lb) and the sma ll nega tive offset vo l tage (Ei
0

) may be 

adjusted to provide a linear and pr·ecise prnqr-ar11111ing r·atio. Refer to F IG. 2- 1 for the locat ion o f the 

ca lrbratron contro ls. 

3 16 PROCEDURE. PREC ISION PROGRAMMIN G RATIO ADJUSTME NT (Refer to F IG. 3-4) 

a) Equip111ent Required 

1) P1ecisiondigital or differential volrneter (M l ) . 

2) Precisio:i res ist or, accuracy comparabl e to M 1. The va lue is not important, but rnust be known. 

for every 1000 ohnis, 1 vo lt w ill appear across M l . (Rv c) 

3) Sing le pole, sinq le throw switch (Sl) 

• Appl1 r:ahle fo r mod els w ith suffix "E" only . 
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3-4 

SI 

Rvc (EXTERNAL) r-=------
1 4 

VOLTAGE CONTROL 
(Rvc l 

TB-501 

HEAVY DUTY REAR 

OUTPUT TERMINALS .---"1'tl.rno 
OUTPUT(+) 
MONITOR 

(+)SENSING 
(COMMON) 

OUTPUT(-) 
MOHITOR 

I 
4 (-)SENSING 

Ml 
Rvc 

+ 

@ 
(-) 

NOTE: REMOVE JUMPER LINK (5) - (6) FROM TB-501 

FIG. 3-4 CONNECTIONS FOR PRECISION PROGRAMMING RATIO ADJUSTMENT 

Rvc 

NULL 
JUNCTION 

b) Connect ca librati on set-up as shown in FIG. 3-4 and connect the power supply to the AC power line. 
c) With S1 "open", and Rvc = 5 K ohms, approx imately 5volts wi ll be read-out on M1. Adjust R4 (lb 

adjustment) until exact ly 5 volts are read-out on M 1. 
d) Close S1 and note deviation from zero on M1 (approx. 2 to 8 mV negative). Adjust R14 (zero 

adjustment) unt il exact ly zero volts read-out on M 1. 
e) Open S1 and check the 5 volt reading. Repeat "c" and "d" as necessary to ach ieve the desired accu racy . 

FIG. 3-5 below shows graphically how the programming ratio can be precision adjusted. 

ZERO VOLTS """-
ADJ . RANGE WITH 
E'° NULL(Rl4) 

Eo ------<~ 

5V 

FIG. 3·5 ESTABLISHING PROGRAMMING LINEARITY 
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3-17 GENERAL RUL ES FOR REMOTE PROGRAMMING 

3-18 All remote programming app li cat ions require the observance of a few basic rules to insure proper functioning 

of the power supply in the particular mode of operat ion se lected. These rul es shou ld be remembered before 

each application and espec ially if ma lfuncti on ing of the programming set-up is exper ienced. 

1) GROUNDING. Ground loops due to mu ltip le and indiscriminant grounding of various equipment are 

the cause of the majority of comp laints about " high ripple or noise". They can be easily avo ided by 

grounding the power supply at one po int onl y to which all shielded cab les and equipment cases are 

con nected. If poss ible, one side (preferable the positi ve one) of the power supp ly output shou ld also bE 

grounded. Frequent ly , high rippl e is introduced by programming sources or instruments used at the 

input (null junction) alth ough all grounding ru les have been observed. This may be due to the external 

instruments or source's close coupling to the AC line. In these cases on ly isolation (i.e. battery operated 

devices) is the answer. It must also be reme mbered that input and output of the power supp ly are 

"common", so that if the output is not grounded, the input source must be isolated for the maximum 

output voltage to be programmed, plus the amount of vo ltage the common is "off ground" 

2) CONNECTIONS. All ex ternal connections, espec iall y the rear barr ier strip terminal screws, must be 

tight. Series malfunctions may be caused by open feedback loops or programmi ng connections. 

3) INPUT SO URCES. If spec ified performance is expected when remote programm ing, externa l input or 

reference sources must have spec ifications equal to or better than that of the power supp ly. 

4) PROGR AMMING RESISTOR S Programming resistors should be high quality w irewound units w ith 

temperature coeff ic ients of 20 parts per mi lli on or better. Their wattage rating must be at least 10 times 

the actual power d issipated A l though the control current through these res ist0rs is only 1 mA, an error 

current ex ists when programming large vo ltage excursions. The magnitude of this error current equa ls 

the change in output vo ltage, div ided by the final resistan ce of the programming resistor . (If, for 

exa mple, the voltage step is from 50 vo lts to ze ro , (6E 0 = 50 V) and the fin al resistance of the 

programming res istor is 6Rvc = 2 ohms, I peak = 25 A. The durat ion of the peak error current depends 

upon the size of the output capac i tor I peak decays exponen tiall y as the output vo ltage assumes the 

final value. 

5) EXTERN A L SWITCHING. I f step-switch dev ices are used in res istance programm ing , they must be of 

the "make before break" variety to avo id programm ing inf in ity . Prowa mming res istors must have a 

vo ltage rating at leas t equal to the max imum ou tput vo l tage of the power supply 

3-19 OUTPUT VO LTAGE PROGRAMMING WITH EXTERNAL RESISTANCE 

The output vo ltage of the Power Supp ly lllay be contro lled remote ly by an ex ternal resistance, replacing the 

built -in vo ltage control resistance wh ich is disconnec ted at the rear barrier strip The va lue of the programming 

resistance may be ca lcu lated by referring to the transfer fun ction derived earli er (Eq 1) . 

Er 
Since -

Rr 

Er 
Rvc x -

Rr 

lb (2), it follows th at E0 

Referring to Equation ( 3), we see that since I b is 1 mA in KE PCO Power Supplies (and can be preci se ly 

adjusted as shown in Par . 3- 12) , for every vo lt of output, 1000 oh ms control resi stance must be provided. This 

corresponds to a "Programming Ratio" o f 1000 ohms per volt . 

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

a) Determine value of programm1n res istor(s) for output vo ltage desired 

b) Using two-wire, shielded cab le, connec t the chosen resistors to terminal s (4) and (6) . Connec t the shield 

to the "ground" terminal . 

c) The output vo ltage w ill va ry fro m 1ero to (1 mA) x (Rvr:). as Rvr is r1rl11 1stP.c1 fr nm / f~rn 1t1 11 ~111 rl x 1 1 11c"' 

va lue. 
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Rvc (E XT) 

r-----

VOLTAGE CONTROL 
Rvc 

COMMON 
r, 
I ' 
I \ 

L----- ------------- ___ _J -::.} 

NOTE' REMOVE JUMPER-LINK (5)-(6) FROM TB-501 

FIG. 3-6 REMOTE RESISTANCE PROGRAMMING 

HEAVY DUTY REAR 
OUTPUT TERMINALS 

L 
0 
A 
D 

(-) 

TB-501 

OUTPUT(+) 
MONITOR 

(+)SENSING 
(COMMON) 

OUTPUT(-) 
MONITOR 

(-)SENSING 

Rvc 

Rr 

Er 

3-21 PROGRAMMING BY CONDUCTANCE: 

3-22 For specia l appli ca tions, the output voltage E
0 

can be adjusted by varying the bridge current. The 

re lati onship governing this type of programming is : 

E 
G 

or 

E 
E = ---'-r __ 

0 R + R 
r x 

Where: G = R + R 
programming conductance 

r x 

output vo ltage 

re ference vo ltage 

co ntrol resistance 

reference res istance 

Programming resistor 

E 
Since r = lb and E

0 
= lbR vc' the output vo ltage varies directly as lb changes. Changing lb with the help of 

Rr 
an additional resistor in series with Rr results in an inversely proportiona l change of lb, since now : 

E 
lb =---r --

R + R r x 

This method of output vo ltage adjustment is therefore referred to as conductance programm ing. 

3-23 Conductance programm ing is a recipro cal function when analyzed in terms of resistance , but perfect ly 

proportional 

3-6 

E cx --
o R 

x 

It can be very useful, especia ll y over a limited range and for sma ll changes in output voltage. Another 

distinctive advantage of this type of programming is the "built-in" safety feature. Shou ld the programming 

circuit open accidently, the programming resistance becomes infinite, the conductance is zero, and 

consequently, the output vo ltage becomes zero . 
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HEAVY DUTY REAR 
OUTPUT TERMINALS 

I 

I 

VOLTAGE CONTROL(Rvc) 
(SET TO 5K OHMS) 

~- """" 
NOTE: REMOVE JUMPER -LINK (6) - (7) FROM TB-501 

L 
0 
A 
0 

(+) 

H 

FIG . 3-7 REMOTE CONDUCTANCE PROGRAMMING 

3-24 PROCEDURE (Refer to FIG. 3-7 ) 

EXAMPLE: E desired = 3 to 5 volts . 
0 

a) Select Rvc for max imu m desired output vo ltage E
0

. 

5V 
= 5K ohms. 

R vc 
1mA 

Set bui lt in Rvc to 5K ohms, or disconnect and use external resistor. 

b) A change of E
0 

to 3 volts requires a bridge current change of: 

.0.E 
0 

2 volts 
0.4mA 

5K ohms 

c) 
E 

r 1 mA, the additional resistance needed is: Since lb 

'') 
_L ---

TB-501 

E 
r 

6 volts 
-----6K 4K ohms. 

0.6 mA 

OUTPUT( + ) 
MONITOR 

(+ )SEN SING 
(COMMON) 

OUTPUT(-) 
MONITOR 

Rr 

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

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

NOTE : A word of caution may be in order in regard to the changing of the bridge current . The 1mA va lue 

has been se lected for max imum stability in the zener referen ce circuit. A large departu re from this 
value is not advisable. If a± 50% change in lb is not suffic ient to achieve the des ired vo ltage swing, 

an ex ternal reference supply can be used . 

CJ-H- F/20-69 
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3-25 REMOTE PROGRAMMING WITH EXTERNAL CONTROL VOLTAGE 

3-26 The output voltage of KEPCO power supplies may be contro lled by an ex ternal, variable voltage source , 
which supplies 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 equat ion ( 1) : 

Eo Rvc (Eq. 1) Solving for E0 , and designating the external programming components "Ei, Rj" 

Er Rr 

the result is: 
Rvc 

E0 = -E i x -­
Ri 

(Eq . 5) 

3-27 As seen from the expression (Eq. 5), if the ratio Rvc/Ri (which represents the closed loop gain of the 
system) is held constant, E0 will vary linearly with Ei, the external programming voltage. The above 
expression (Eq.5) is seen to be similar to the operational amplifier transfer function in the inverting 
configuration . The voltage programmed power supply does in fact become a unipolar power amplifier with 
potentially very high power gain but with limi ted frequency response. (Refer to FIG. 3-8). The limited 
frequency response is largely due to the effect of the output capac itor (C0 ) acting as a low-pass filter and 
preventing the output voltage (E0 ) 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 

selection will be given below. 

VOLTAGE CONTROL 
!Rv c. SET TO 15 K OHMS ) 

HEAVY DUTY REAR 
OUTPUT TERMINALS 

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

TB-501 

OUTPUT(+) 
MONITOR 

(+)SENSING 

OUTPUT(-) 
MONITOR 

NULL 
JUNCTION 

3-28 Example: A power supp ly with a ra ted maximum output voltage of 15 volts is to be voltage programmed 
over its full range (0 to 15V) by a triangular, positive increasing source with a peak output voltage (Ei) of 

2 volts, and able to deliver at least 1 mA con trol current. Since the requ ired voltage gain is: 

3-8 

E0 /Ei = 15/2 = 7.5, the ratio Rvc/Ri must also eq ual 7.5. If the internal voltage contro l is reta ined, in this 
case, since Rvc = 15 K ohms, Ri must equal 15 K/7 .5= 2 K ohms. FIG. 3-8 shows the Power Supply as an 
operational amplifier and the necessary rear barrier connect ions for this mode of operation. 
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3-29 CONSTANT CURR ENT OPERATION 

3-30 A KEPCO power supply can be set up to de li ver co nstant current by the addition of an externa l sensing 

resistor and a current control. In the constant current operating mode, the voltage comparison bridge is 

intercon nected with an external current sensing res istor, Rs, and a cu1rent control, Re c ( as shown in 

FIG. 3-9 ) to main ta in a constant voltage drop across Rs . In this way, and adjustable constant load curren t is 

obtained. Character ist ic of the constant cur rent supp ly is abi li ty to change its output vo ltage automatically 

in order to maintain a co nstant currem rhrough a range of possib le load resistances. The range of output 

voltage that the supply can deliver and simultaneous ly ma intain co nstant curren t, is refer·red to as the 

"COMP LI ANCE VO LTAGE". 

3-3 1 The current sensi ng res istor Rs is chosen to develop a 0.5 volt drop at the max imum desired current.* It is 

calculated by div iding this current into 0.5 vo lt . The value of Rs is not cr iti ca l and can be the nearest 

standard resistan ce ava il ab le. Severa l facts should be kept in mind however, when choosing Rs. A 

compromise must be made between a large and a small value. Whi le a large value is desirable for good 

current regulation, it is less so in veiw of the power dissipated across it . It must be remembered that all the 

load current is flowing throu gh Rs and the input to the regulator is connected across it. It is therefore vital 

that all extraneous changes across Rs, i.e. res istance change clue to temperature, are kep t to a minimum. A 

high quality, low T.C. (20 PPM) resistor, at least ten times the actual wattage needed, is therefore strong ly 

recommended. In pract ice, Rs, is usua ll y selected for a 0.5 volt sample at maximum output current desi red . 

* If more than a 10 : 1 ratio of output current is needed, severa l values of Rs shou ld be se lected and switched in 

or out as requi red. 

* For KEPCO Power Supply with max imum rated output currents of 5A DC or less, a 1 volt sample at the maximum 

desired current shou ld be used. 

EXTERNAL CURRENT 
CONTROL (Rec) 

MEASUREMENT OF 

REGULATION & RIPPLE 

(-) (+) 

HEAVY DUTY REAR 

TB-501 

r -, 
:®:1 OUTPUT(+) 

MONITOR 

OUTPUT TERMINALS i:=::=;:f--i 

VOLTAGE CONTROL 

( Rvc) 

NOTE : REMOVE JUMPER LINKS (\)-(2) 
8 (5)-(6) FROM TB-501 

L 
0 
A 
D 

Rec 

(-) 

FIG. 3-9 CONSTANT CURRENT OPERATING MODE 

NOTE: R
5 

should be physically located as close to the 

(+)output terminal of the power supply as possible. If, 

however, long output and sensing leads cannot be 

avoided, the(+) terminal of the output capacitor (C
0

) 

must be interna lly reconnected from the (+) sensing to 

the (+)output terminal. 

CJ-H-F t:>O-fi9 

(+)SENSING 
{COMMON) 

OUTPUT(-) 
MONITOR 

4 (- )SENS\ NG 

Rvc 

NULL 
JUNCTION 

Rr 

Er 
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3-32 The current contro l resistor, Rec is chosen on the basis of the cont rol ratio of the Kepco comparison br idge, 

nnd Vs the maximum vo ltage across Rs. If Rs was se lected for 0.5 volt drop , then Vs = 0.5 vo l t and 

Rec = Vs times (control ratio), or 

1000 ohm 
il cc 0.5 vo lt x 

volt 
500 ohms. A high qua l ity, low T.C . (20 PPM) resisto r- is recommend ed 

fo r R . cc 

3 33 PROCEDURE (Refer to FIG . 3-9) 

The actual componen t ca lcu lation for current regu lation is perhaps best shown by a pract ica l example. A 

KEPCO Power Supply w ith a rated maximum output current of 50 A DC is to be set up for current 

regulated output from 5A to 50A ( 1: 10 ratio) 

a) Rs is chosen by: Rs 
0.5 volt 

50A 
0.01 ohm . 

P diss = Vs x lmax. = 0.5 vol t x (50 A) = 25 watts. (use 250 watt) 

NOTE: A heavy duty, 4 termina l meter shunt or a power resistor in the TEPRO "TMK" ser ies is 

required. Inquire at KEPCO if special va lues are needed. 

b) The control resistance Rec is found by ca lcu lati ng its limits: 

Rec (max. ) = Vs (max .) x contro l rat io = 0.5 V x 

Rec (min.) = Vs (min.) x contro l ratio 0.05\/ x 

1000 ohms 

v 
1000 ohms 

v 

500 ohms. 

50 ohms. 

As Rec is therefo re var ied from 50 ohms to 500 ohms, the regulated cu rrent w ill vary from 5 to 
50 mA. The compl iance voltage w ill change in the same ratio ( 10: 1), its abso lute va lue depending on 

the I oad resistance used. 

c) A large output current range ( 1 mA to 50 A) cou ld be covered if three separate sensing resistors were 
to be ca lculated on the basis of a 0.5 volt samp le at maximum cu rrent: 

a) R1 (For 5 to 50 A)= 0.5V/50 A= 0.01 St. (250 watt) 
s 

b) R2 (For 0.5 to 5A) = 0.5V /5A = 0.1 St. (25 watt) 
s 

c) R3 (For 0.05 mA to 0.5 A)= 0.5V/0.5 A= 1 St. (2.5 watt) 
s 
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3-34 SERI ES OPERAT ION OF KEPCO POWER SUPPLIES 

3-35 GENE RA L. Kepco Power Supplies can be seri es-connected for increased vo ltage output, prov ided the 

specified li mits on voltage to chassis are not exceeded. When seri es-connected, the supp lies shou ld be 

protected by means of a semiconductor d iode across the output term inals of each power supp ly, as shown in 

F IG . 3- 10. The pea k inverse rating of these d iodes must be at least as large as the output vo ltage of the supp ly 

to which they are connected. The conti nuous current rating of t he diodes should be at least as great as the 

largest short -circuit current of the interconnected suppli es. 

3-36 Two basic series connection methods are generall y used, the "Automati c Series Connecti on", as illust rated in 

FI G. 3-10, and the "Master-S lave" connect ion, shown in F IG. 3- 11 . The basic d ifference between these two 

alternate methods lies in the manner of the output control. While in the "Automat ic" connection the outputs 

of both suppli es may be contro lled individually , in the "Master-S lave" connect ion , contro l is exercised from 

the " Master " supply alone, while the " Slave" supp ly fo ll ows the master command in a ratio wh ich may be 

pre-determined by the user. The lat ter method of ser ies operat ion is t herefore frequent ly termed " A utomat ic 

Tracking" . 

:3-37 PROCED URE FOR AUTOMATI C SER IES CONNECT ION 

a) Connect load as shown in F l G. 3-10. Keep vo ltage drop in load w ires as low as prac ti cal by using heavy 

gauge w ire. 
b) Connect protective diodes across respective output terminals. 

c) Remove jumpers as shown and connect error sensing leads. These leads should also be as heavy as 

practi cable, and should be tw isted and shielded. 

d) Turn supplies on and adjust vo ltage on either control as required. 

3-38 The " Master-S lave" seri es connect ion method is illustrated in F IG. 3- 11 . As seen from the figure, the reference 

voltage (Er) of the " Slave" supply is disconnec ted and its input or null junct ion is connected to the output of 

the "Master" suppl y vi a the track ing resistor ( R t l . The " Slave" supp ly output is thus comp letely dependent 

on the "Master" output vo ltage: 

Rvcs 
Eos = Eom 

Rt 
where: Eom 

Eos 

Output Voltage, Master 

Ou tpu t Vo ltage, Slave 

Rt Tracking Resistor 

Rvcs Vo ltage Contro l Resistance, Slave 

As ev ident from the equati on above, if the tracking res istor ( R tl va lue is equal to that of the vo ltage control 
resistor of the "S lave" suppl y (R vcsl, a " track ing ra ti o of 1 1 is achieved and the output of the " Slave" w ill 
eq ual that of the "Mas ter ". If a single load is connec ted to the seri es " Master- Slave" combinati on , twi ce the 

" Master " output vo l tage is appli ed to it. If separate loads are connected, identica l vo ltages are applied to the 

ind iv idual loads. 

3-39 The rati o Eos/Eom can be read il y changed it the app lica ti on so req uires by simply altering the value of eit her 

Rvcs or Rt . In practi ce , since Rvcs is the ten-turn voltage contro l rheostat of the " Slave" supply , the tracking 

resistor ( R tl is se lected fo r the desired t rack ing rat io. The value of Rvcs is determined from the parts li st and 

Rt is se lec ted accordingly to the selected ra ti o. For a 1: 1 rati o Rt = Rvcs. for a 1 :2 rati o, Rt = 1/2 Rvcs etc. 

3-40 PROC ED URE FO R MAST ER-S LAVE SER IES CO NN ECTI ON 

a) Connec t load as shown in FIG . 3- 11 . Keep vo l tage drop in the load w ires as low as possib le by using 

heavy gage w ire. 
b) Connect protect ive d iodes across the respec tive ou tpu t term inals. 
c) Remove jumper links as shown (F IG. 3- 11) and connec t error sensing leads if remo te sensing is desirerl 

Sensing leads should be !w isted and shielded . 

d) Se lec t va lue of the track ing resistor ( R tl and connec t w1t i1 sh 1elc.Je<.J w ire as shown (F IG. 3- 11 l 
e) Turn suppli es "on". and adjust ou tput vo ltage on the " Master " Vo ltage Contro l as desired . 
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FIG . 3-10 AUTOMATIC SERIES CONNECTION OF KEPCO POWER SUPPLIES 
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SLAVE SUPPLY r---------- --
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REAR OUTPUT 

TERMINALS 
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FIG. 3-11 MASTER-SLAVE SER IES CONNECTION OF KEPCO POWER SUPPLiES 
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PARALLEL OPERATION 

GE NERAL . Kepco power supplies equipped with an overvoltage crowbar (all CPS models and JO E models wi th 

suffix "VP") cannot be operated in parallel for increased output current. A triggered crowbar in a power supply 

working in a paralle l configuration would have to absorb the total output current of the other power suppl ies. 

EMERGE NCY SITUATIONS. Sometimes a situation ar ises whe re additional output current is required and only 

power supplies with lower than required current rat ings are ava il able. In these cases, t he power supplies can be 
paralleled if the crowbar circuit in each unit is disabled. Refer to the component location drawing for assembly A4 

(Section VI of t his manual ) and remove R402 from the overvoltage protector asse mbly (A4 ). If overvoltage 
protection is considered essential in the application at hand , a separate crowbar circu it, rated for the total output 

current in the parallel connected power supplies must be used. (Refer to Kepco VI P models. ) Two basic methods of 

paralleling power supplies are described in pars. 3-41 to 3-46. USE PARALLELING IN EMERGE NCI ES ONLY. 

CROWBAR CIRCUITS MUST BE DISABLED. 

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

3-42 GENERAL. As in the prev icusly described "series" connections, an "Automatic" or a "Master/S lave" 

connecti on mechod can be chosen. The choice between the two methods wi ll depend on the app lication at 

hand . For constant loads or smal l load variations (load changes smaller than the maximum output range of a 

single power supp ly), the "Automatic" para I lel connect ion can be used. For load changes exceeding the 

maximum rat ing of a single power supp ly , the "Master/S lave" method is su itable. For either method , some 

genern l rules should be observed: 

1) Paral lel only supplies which can be adjusted to the same comp l iance (output) voltage. 

2) Error sensi ng, as shown in the fo llowing d iagrams , can be used to compensate for load w ire vo ltage 

drops. 

3) Load wires shou ld be as short as practicable. Se lect wire gauge as heavy as possible and twist wires 

tightly. Approx imately equal lengths of w ire should be used. 

4) Common a-c power source "turn -off" for al l supp l ies is recommended. 

3-43 AUTOMA T IC PARALLEL CONNECTION 

3-44 PR OCEDURE FOR AUTOMAT IC PARALLE L CONNEC ITON (See F IG. 3- 13) 

3- 14 

1) Connect the power· supplies to be para lleled to a common a-c source (preferab ly w ith a common 

"on-off" power switch). 

2) Without connecting the power supp lies to the load or to each other , turn a-c power "on," and ad just 

the output vo ltage on each supp ly to the required comp liance vo ltage. 

3) Ad just both "current" contro ls to their max imum (extreme clockw ise) position . Turn a-c power "off." 

4) Make all load interconnections as show n in the connec tion diagram (refer to FIG . 3- 13) except the error 
sensing connections (these connec tions may be added later if needed ). 

5 ) With the individual a-c power swi tches of the two power suppl ies in the "on" pos ition , turn common 
a-c power switch "on." Observe ou tput cu rrent meters on both units. Since the initial output vo ltage 

ad justments were not identica l , one of the power supplies (to be designated SUPPLY # 1) wi ll be at a 

sl ight ly higher output vo l tage than the other (to be desig na '.~d SUPPLY #2). Consequen tl y, 

SUPPLY # 1 w ill del iver its maximum load current and wi ll operate in the current limit mode. The rest 

of the load current is de li ve red by SUPP L Y #2, which is operat ing in the vo ltage mode. 
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6) The "current" contro l of SUPPLY # 1 can now be adjusted, as to eq uali ze the total load current 

between SUPPL Y # 1 and SUPPLY # 2, and operation can proceed . ERROR SENS IN G CAN 

BE USED FROM SUPPLY # 2 ON LY 

NOTE: The diagram below (refer to F IG. 3-12) shows how the two power supp lies operate in the para llel 

mode. As seen from F JG . 3- 12, load variations should be con fined w ithin the stab i I iza t ion region 
of SUPP LY# 2 since there is an initial adjustment error (.6E ) between the two supp lies. 

0 

~ ~ ~ ~ 
UJ 0.. UJ n.. 
cr ~ MAX . RATED ~ ~ MAX. RATED 

> UJ > UJ 
o er o o::: 

OUTPUT CURRENT 8~ 
SUPPLY No. I 

1 

~ (/) .. -: OUT PUT CUR RENT BAN~O :::> ~ ~ 
~ Q ~t= SUPPLY No.2 ~ ~ ~ 
UJ C> UJ f.!) _l -'\-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-::, """"'"" '"""' 71 

(
BETWEEN SUPPLY No.I) J 

OUTPUT VOLTAGE SUPPLY No. I ANO SUPPLY No. 2 : 

OUTPUT VOLTAGE SU PPL Y No . 2 I 

CURRENT LIMIT SUPPLY No. 2 

CURRENT LIMIT SUPPLY . No. I 

OUTPUT CURRENT Io -

FIG . 3-12 "AUTOMATIC" PARALLEL OPERATION (TWO SUPPLIES). 

I 
I 

345 MASTER/SLAV E PARALLEL CONNECTION. Two power supp li es are shown in FIG . 3- 14, although more 

can be para lleled , each unit requiring its own sampling resistor . The sampling res istors (R
51 

,R
52 

in FIG . 3- 14 ) 

are of equa l va lue and are se lected such that the vo ltage drop across them (due to the output current), plus 

the vo ltage drop in the load connect ion leads does never exceed 0.5 vo lts. If the vo ltage drop across the load 

connecting leads alone is at least 0 .1 vo lt , the sensing resistors can be de leted since the leads prov ide the 

necessary sample voltage. For equal current sharing, however, the lead length and diameter shou ld be the 

same for both power supp lies. Output control is exercised from the "Master" supp ly. 

3-46 PROCEDURE FOR "MASTER/S LAVE" PARA LL EL OPERAT ION (See F IG. 3- 14) 

1) Connect the power supp lies to be paral leled to a common a-c source (preferab ly with a common 
"on-o ff" power switch) . 

2) Make al I load and sensing connections as shown in FIG. 3-14 . The erro r sensing connect ions may be 
deleted if the minor vo ltage drop across the load w ires (which subtracts from the avai lab le comp li ance 

voltage) can be to lerated. 

3) With the individual a-c power switches of the two power supp l ies in the "on" position, tum the 

common a-c power switch "on". Observe output panel meters on both powers supplies . Adjust ou tput 
control on the "Master" supp ly, such that both supplies share the load current equally . 
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FIG . 3-14 MASTER SLAVE PARALLEL CONNECTION OF KEPCO POWER SUPPLIES 
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SECTION IV - THEORY OF OPERATION 

(R eferences in CAPITAL LETTERS refer to the nomenclature used in FIG. 4-1) 

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

4-2 The MAIN POWER TRANSFORMER converts the line voltage to the required levels needed to produce the 
DC operating voltages for the MAIN AND A UX ! LI ARY SUPPLIES. The MAIN POWER SUPPLY is in series 
with the PASS ELEMENTS and the CURR ENT SENSING RES ISTOR and produces the output voltage. The 
MAIN PASS ELEMENTS are changing their ser ies resistance in a way tending to keep the OUTPUT 
VOLTAGE constant. The necessary drive for this change is produced by the DRIVER Cl RCUIT which in turn 
receives its command signals either from the CURRENT LIMIT AMPLIFIER or the ERROR SIGNAL 
AMPLIFIER. 

4-3 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 amp lified 
by the associated amplifier and transfered to the GATE DIODES which feed directly into the DRIVER 
Cl RCUIT and produce the needed drive signal for the MAIN PASS ELEMENTS, thus either keeping the 
OUTPUT VOLT AGE constant, or if the signal from the CURR ENT LI Ml T AMPLI Fl ER is dominant, limiting 
the output current to the pre-adjusted value. 

4-4 The OVERVOL TAGE PROTECTOR (Optional, on models with suffi x "VP" only.) is connected across the 
output terminals of the power supply . A portion of the output voltage is continuously compared to an 
internal reference. If an overvoltage occurrs, the S.C .R. "crowbar" will short-circuit the output immed iately . 
Recycling takes place automatically, since the AC input power is removed by the tripping of the circuit 
breaker. 
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FIG. 4-1 SIMPLIFIED DIAGRAM,JOE HALF-R ACK POWER SUPPLY 
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4-5 CIRCUIT DESCRIPTION 

4-6 For the purpose of ana lysis, the circuitry of the JOE power supp ly may be divided into several sect ions wh ich 
are individual ly descr ibed below. The main schematic (FIG. 6-3) should be used to illustrate the text of this 

section. 

4·2 

a) AC IN PUT Cl RCUIT. AC line power is introduced through the AC input barrier-str ip or a heavy duty 
three-wire line cord (removable) with safety plug. * The use of a grounded AC power outlet wi ll 
automatical ly ground the power supply, since the third wire of the line cord is directly connected to the 
metal chassis and case. Once the AC POWER SWITCH/C l RCUIT BREAKER (CB101) is closed, the 
primary of the main transformer (T201), the fan (B201) and the AC pilot light (DS101) * w ill be 
energ ized. The two primary wind ings of the main transformer are either connected in para llel (for 
115V AC nominal line voltage) or in series (for 230V AC nominal line voltage). The AC POWER 
SWITCH/Cl RCUIT BR EAKER (CB 101), aside from switching the AC primary power, has the function 
of disconnecting the power supply from the AC line in case of over loads or short circuits. CB101 has 
two sensing coils, one of which is always in series with one of the primary w indings on T201 (T2-T5), 
whether the main transformer is w ired for 115V or for 230V AC. The second sens ing coil of CB101 is 
in ser ies with the secondary wind ing on T201 wh ich generates the working potentia l for the overvoltage 
protection circuit (T201-T6,T7) . If an overload occurs, due to either internal component fa ilure or 
crowbar action of the voltage protector (Models with suffix "VP" only), the coi l is energized 
suffic ient ly to act ivate the trip-mechanism of CB 101, thus disconnecting the power supply from the AC 
line. Since the primary coil of the AUXILIARY POWER TRANSFORMER (T202 ) is in para llel with ', 
the secondary for the overvoltage protection circuit, any failure in the aux iliary circuits, ref lecting back 
to the primary of the aux iliary power transformer (T202) will also activate the sensing coil of CB101 
and shut down the power supp ly. A thermal sensing element (S301) is mounted to the HEATSINK 
ASSEMBLY (A3) to protect the series regulator transistors from over-temperature. If the pre-set 
temperature on S301 is exceeded , its contact close and energi ze the sensing co il of CB 101, resulting 
once more in the tripping of the AC POWER SWITCH/C l RCU IT BREAKER and subsequent removal of 
the AC input power from the power supply. 

b) MAIN DC SUPPLY. The main DC power is derived from a center-tapped secondary winding on I L'.U1 . A 
full-wave rectifier circuit with silicon diodes (CR301,302 if located on A3, CR201,202 if located on 
main chassis A2) operates into a capacitor input filter (C201,202 on some models; C201,202 ,203 on 
others) which is paralleled by a bleeder resistor (R 202). The main DC supply delivers the output current 
via the series regulator or pass-e lements. 

c) PASS-ELEMENT SECTION. The pass-element section in the JOE Power Supply varies in complexity 
according to the output voltage and current rating of the particular model. The NPN si licone 
pass-transistors of the JOE are located on high-efficiency heatsinks and are coo led by a fan (B20 1 ). 
Some JOE models have sing le heatsink assemblies (A3) with pass-transistors 0301 to 03 . .,. , the 
number depending on the individual model. Other JOE models have dual heatsink assemblies (A3 and 
A6) with pass-transistors 0301 to 03 ... ,and 0601 to 06 .. . , the number of transistors again 
depending on the individual model. While in the low voltage/high output current models (E

0 
Q6 volts) 

all pass-transistors are arranged in a parallel circu it, higher voltage models (E 0 >36 volts) use a 
ser ies/para llel configuration in the arrangement of their pass-transistors. In the latter , a "master/slave" 
circuit is used, where the "slave" section is sometimes paralleled by power resistors, which share in the 
power dissipation if the power supply is operating in the current-limit mode or under short-circu it 
cond itions. However comp lex the pass-element section, for analyt ical purposes it can be reduced to a 
single pass-transistor. Electrically, this pass-transistor is part of a series circu it consist ing of the 
unregulated main DC power supply, the external load and the pass-transistor. The output voltage of the 
power supply is kept constant, regardless of variations in the unregu lated supply , by chang ing the series 
resistance of the control element (the pass-transistor) in the described series circu it. 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 
ore-driver staqe (02) of the error-s iqnal amplifier. 

* Line cord and AC pilot light used on metered models (suffix "M") only. Unmetered models have an AC input I 
barrier-strip. The terminal marked "G" on th is barrier-str ip is connected direct ly to the chassis and must be 
returned to AC ground. 
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u ) ERROR SIGNA L A MPLIFI ER (Av ). The main funct ion of this DC amp lifier is to amplify the error 
signal, derived from the compari son bridge, to a leve l su itab le to pass the diode gate circu it and dr ive 

the pre-driver stage (02). The error signal amp lifier in the JOE power supply is a DC coupled , high gain 
operational amplifier in a plug-in package. The amplifier input may be disconnected from the 
comparison bridge circuit, and programmed ex ternally . Although the plug-in amplifier is used in the 
non-inverting configurat ion, a positive input signal w ill produce a negative power supp ly ou tput w ith 
respect to the " common " (plus (+ ) sensing term inal), since the pass-elements provide another signal 
inversion. 

e) COMPARISON BRI OGE. This four-arm electr ica l bridge circuit is the sensing and contro lli ng element 
in the JOE power supply . The reference-half of the bridge consists of the reference resistors in seri es 

with the zener refe rence voltage (Rr = R4, RS; Er= CR3), the other half is constituted by the vo ltage 
control resistor (Rvc = R 102) and the output voltage (E0 ) . The simplified presentation shown in 
Section 111 of this manual wi 11 illustrate this discussion and show the actual bridge configurat ion . (Refer 
to FI G. 3-3). The outpu t vo ltage (in ser ies with Rvd is continuously compared w ith the reference half 

of the bridge circu it. At bridge balance (EAA' = 0, a constant bridge current (lb) is flowing through the 
bridge, keep ing the error signal at the bridge terminals (A,A') at approx imately zero vo lts. Any 

deviation in the output voltage (E 0 ) , caused either by l ine/load variation or by a change in Rvc wil l tend 

to change the bridge current (I b) in the sensing half of the bridge and thereby produce an error signal at 

the bridge terminals (A,A' ). The error signal is presented to the amplifier input and will after 
amplification, act as a drive for the pass transistors, changing the voltage drop ( Ep) across them in such 

a way as to restore bridge balance and keep the output voltage (E 0 ) constant once more. 

f) CURRENT LIMIT CIRCUIT. The differential input ofthecurrentlimit amp lifier(04,05) is connected 
to the current sensing resistor (R s= R203) and to a reference voltage, adjustab le by the current limit 
control ( R 101) . The voltage drop across the current sensing resistor is tnus continuously compared to 
the reference voltage, set by the current limit contro l. As long as the voltage developed across Rs (due 
to load current flow) is less than the pre-set voltage reference level, the current limit amp lifier w ill be 

biased to its inact ive state and wi ll not effect the output. If the output cu rrent increases however, the 
voltage drop across Rs will overcome the reference leve l set by the current limit control. The current 
limit ampli f ier will be thus act ivated and produce a drive signal at the diode gate, greater than Av. 
thereby taking contro l away from the error signal ampl if ier and transferr ing the power supply into the 
current limit mode. Since both, the current limit amp li fier and the error signal amp lifier (Av) are 
coupled through the diode gate circuit (CR 14, 15) to the pre-driver stage (02), the amp lifier with the 
greater (negative) output will control the pass transistors and therefore the output. 

g) OVERVOL TAGE PROTECTION CIRCUIT (A4, contained in Models w ith suff ix- "VP") 
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1) Input and output connections for the overvoltage protect ion circu it (VP) are made via a single 
printed circu it board con nector (P401) and its associated mating plug. The VP conta ins its own 
auxiliary power supply w ith only the AC vo ltage derived from a secondary of the main 
transformer (T201) and introduced via P401 /J207. The AC is rect if ied by a convent ional bridge 
rectifier (CR401 ), capac itor filtered by the input filter capac itor (C401) and shunt regu lated by a 
zener diode (CR 405). A six volt source is derived from the pre-regu lated DC voltage by means of 
another zener diode (CR406) thus providing a stab le reference source (Eref ). 

2) The overvoltage protection circuit conta ins a dua l input Schmitt-Trigger (0402,403) in a voltage 

compari son confi gu rati on. A fixed part of the reference voltage (Eref) is app lied to the 
" reference input " (Base of 0402), and a porti on of the power supply ou tput vo ltage (E0 ) to the 
"sensing input" (Base of 0403), so that the ratio E0 /Eref is continuously samp led. Ad justment 
of the "Voltage Limit" controls ( R414,R415), connected as a part of the vo ltage d ivider on the 

" sensing input" keeps the rat io E0 /Eref constant, as the power supp ly output vo ltage is var ied 
throughout the specified ran ge (3V to E0 max. rated ). The inputs to the Schmitt Trigger are thus 

balanced and the circuit is inact ive. 

3) In the event of an overvoltage, resulting either from external causes or from internal. power 
supp ly failure, the circu it become act ive. Since the "reference input" of the Schmitt Tri gger is 
r igidly clamped to a f ixed reference, a positive input at the "sensing input" (due for example to 

an overvoltage) w ill resu lt in a change of state in 0402, producing an output pulse. The output 
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pu lse from the Schmitt Tr igger stage, transferred via the emitter follower (0401) is app lied to the 

f irst S.C.R . (CR402). The chargin g ti me constant at the output of the Schm itt T ri gger stage is 

de termined by the va lue of the (adjustable) delay capac itor (C403). In effect , the setti ng of C403 

determines the "sensit iv ity" to overvo ltage of the protection circu it. M in imum capac ity w ill y ield 

faster response but w ill also make the circui t more sensit ive to spurious tr igger ing. The contro l is 

factory set fo r fastest response consistent w ith stab le operat ion under all cond it ions. 

4) As the f irst S.C.R. (CR402) is conduct ing due to the pu lse from the Schm itt-Trigger, it performs 

two f unct ions: It shorts out the DC supply for the vo ltage protect ion circui t, thereby creat ing an 

over current in one of the circu it breaker co il s. Simu ltaneously, CR402 generates a f ir ing pulse 
fo r the ma in S.C. R. (C R203), which through its "crowbar" action short-c ircu its the power supp ly 

output. The AC POWER SWITC H/C I RCU IT BREAKER (CB101) tr ips due to t he act ion of the 
first S.C. R. (C R402), d isconnect ing the power supply from the power I ine. The protect ion circui t 
is automat ica ll y re-act ivated w it h the " tu rn-on" of t he power supp ly via CB 101. 

h) A U XILI ARY SUPPLIES 

i) 

1) AMP LI FIER POWER SUPPLY. This fu ll wave, bri dge rect if ied source is derived from a 

secondary w ind ing on t he aux iliary t ransformer (T202) Recti f ied by CR8, the supply is 

capac ito r f il te red by C2. A cu rrent regulator stage (03) , fo ll owed by a st ring of zener d iodes 
(CR 10- 13), provides the operat in g vo ltage fo r the error signal amp I if ier (Av), the current I imit 

ampli f ier stage (04,05) and the reference circu it (R4,R8 ,CR3). 

2) PR E- DRI VE R CO LLECTOR SUPPLY. A half wave rect if ied (CR3) and capacito r f iltered (C2) 

supp ly is derived from a secondary w ind ing on T202. I t delivers collector vo ltage to the pre-driver 

stage (02) 

3) ICBO SUPPL Y . This full -wave rect ified aux ili ary supply is deri ved from the w ind ing of the 

aux ili ary power transformer. Recti f ied by CR 1 and fil tered by C 1, coristant current is applied to 

the base of the pass t ransistors (V ia the constant current generator stage (0 1), thus insuring the 

necessary turn-off b ias for these stages under all operating conditi ons, espec iall y at elevated 

temperatures. 

METERING CIR CUIT ( models with suffi x "M" onl y ). Both out put voltage and output current are 
monitored by dual range front panel met ers (M 101, 102). The two meter ranges are 0 to 10% and o· to 

100% of the rated outpu t vo ltage and output current and may be se lected by meter range switches 

(S 101 for vo ltage, S 102 for current ) I ocat ed between the front panel meters. Whil e the output vo ltage is 
measured di rectly across the error sens ing terminals (TB501 -2, T B501 -4), t he output current is 
measured ind irect ly as a voltage drop across t he current sensing res istor (R203). 
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SECTION V - MAINTENANCE 

5-1 GENERAL 

5-2 This sect ion covers ma intenance procedures, insta llat ion of opt ional components, calibrat ion and test 
measurements of the Kepco Model JOE Power Supplies. Conservative rat ing of components and the 
non-congested lay out should keep maintenance problems to a minimum. If trouble does develop however, the 

easily removed wrap-around cover and the plug-in feature of the circu it boards provide exceptional 
accessibi lity to all components of the supply. 

5-3 DISASSEMBLY (Refer to FIG. 5-1 ) 

a) COVER REMOVAL. The wrap-around cover may be taken off by loosen ing and removing its twe lve 
( 12) holding screws, f ive (5) on each side and two (2) on the front panel. 

b) Cl RC UIT BOARD REMOVA L. The pri nted circu it board is mounted w ith two (2) screws, wh ich are 
removed from the side. After removal of the four printed circuit board connectors, the board may be 
li fted from its sli de-gu ide. 

c) HEA T SIN K REMOVAL. The heat sin k assemb ly is mounted with four (4) screws to the chassis 
bottom. After the screws are taken out, the wires may be removed by means of the "quick disconnect" 

termina ls. 
d) OVERVOLTAGE PROTECTOR (A4) REMOVAL. (On Models with Suff ix-"VP" on ly). Remove the 

hold ing screw as indicated (R efer to FIG . 5- 1) and I ift assemb ly out. 
e) RE-ASSEMBLY. Re-assembly of all components takes place in reverse order of the above described 

procedures. 
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5-4 INTE RNAL ADJUSTMENT PROCEDUR ES 

5-5 GENE RA L. This paragraph descr ibes al I internal ad justment procedmes, which have not been previously 

covered. Refer to Sec tion 11, paragraph 2-3, for a li sting ancl locati on of all adjustment proced ures. 

5-6 MAXIMUM OUTPU T CURRENT ("1 0 max . ad j ." ) ADJ USTMEN T. This ad justment serves as a ca li brat ion for 

the range of the front pane l Current Li mit Control . The "1 0 max. ad j ." (R 19) is located on the prin ted circuit 

board (Refer to FIG . 2- 1). I t is factory se t so that the front panel contro l covers an output current range of 

2- 105% of the max imum rated output current. Re-ad ju stment of the "1 0 max. adj ." control is needed on ly it 

a component in the current limit c ircu itry must be replaced or, it the range of the front panel control is to be 

restricted. A conven ient way to make the ad justment is as fo ll ows: 

a) Load the output of the supp ly to draw the max imum desired output current w i th the front panel 

Current Limit Contro l fully clockwise. Monitor the output vo ltage w ith an osc ill oscope, having a 

vertica l sensit ivity of at least 0.1 mV /cm. 
b) Observe the osc ill oscope. Current li miting is indicated by a sharp increase in output ripple. Locate the 

"1 0 max. ad j." contro l and turn slowly until limiting occurs at the point required. Clockwise adjustment 

w ill increase the max imu m output current range, whil e counter clockwise adjustment w ill decrease the 

range. DO NOT ADJUST TO MORE THAN 105% 10 max: A lthough th is might be possible due to 

component tolerances, malfunction of the power supply w ill be caused by exceeding the rated 

maximum output cu rrent. 

5-7 LAG NETWORK ADJUSTMENTS. Depending on the JOE model desingnat ion, either one or two AC stability 

controls in the form of lag networks have been provided in this power supply (R16-C9 and/or R36-C10, see 
main schematic, FIG . 6-3). These networks have been factory adjusted for maximum amplifier stabi lity when 

operating into a resistive load. Re-adjustment is indicated it components, affect ing the AC characteristics of 
the amplifier must be replaced or, if the load connected to the power supp ly conta ins excess ive capacity or 

inductance, causing AC instab ility. AC instability is usually indicated by high frequency oscillation as 
observed with an oscilloscope 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 sens ing w ires or decoupling capacity directly across the load may provide a 

solution to the problem. 

5-8 INSTALLATION AND ADJUSTMENT OF THE " ZERO" CONTROL* 

NOTE: Models which have this contro l facto ry insta lled ca rry the suffic "E" beh ind their model number 

(i.e. JOE 6-10ME). The installat ion instructions may be disregarded w ith these models. 

5-9 A small (5-15mV), negative offset voltage ex ists at the output of the power supply, w ith the voltage contro l 

set to "zero" (fully counter clockwise). A lthough this does not affect standard power supp ly operation, for 

precision remote programming, exact ze ro volt output may be necessary. The zero can be estab lished by 

adding the necessary contro l ("Eio Null," to be designated R14) in terna ll y on a pre-des ignated space on the 

printed circuit board . 

5-10 The installation may be readily accomp lished by following the steps ind icated be low: 

a) Remove thy PCB Assemb ly from the chassis as described in paragrpah 5-3. Locate the pre-designated 

space for the additional components on FIG. 5-2. 

b) Install "Eio Null" (R14) contro l on the place 

indicated and solder in place. 

c) Remove old jumper a11J insta ll in new p lace as 

shown. 

d) Adjust precision zero as described in 

paragraph 3-12. 
INSERT 
NEW 
JUMPER 

FIG. 5-2 INSTALLATION OF 
Ej0 NULL (ZERO ) 
CONTRO L 

NE W "Ej 0 NULL" (R14) 

REMOVE OLD JUMPER 

PAR T OF PCB (A1 ) 

*These instructions are applicable for Models JOE 6-45(M) and JOE 15-25(M) on ly. 
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5-11 TROUBL E SHOOTING 

5- 12 Modern , high performance power supp lies have reached a state of soph ist icat ion that requ ires thorough 

understanding of the prob lems invo lved in repairing complex, so l id state circu itry. Serv icing beyond simp le 

parts rep lacements should consequent ly be attempted only by personnel thoroughly fami liar w ith so lid state 
component techniques and w ith ex perience in closed loop circu it ry. 

5- 13 Trouble shoot ing charts, showing resistance and vo ltage read ings, are of very li mited usefu lness w ith feedback 

amp li f iers and are not included here. Instead a deta iled circuit description (Sect ion IV), parts locat ion 

di agrams, simpli f ied fu nct ional schemat ics and a ma in schemat ic w ith all signifi cant vo ltage read ings is 
presented. 

5- 14 The fo ll owing basic steps in a case of power supply ma lfu ncti oning may also be found usefu l : 

a) I f power supp ly does not funct ion at all : Check all power I ine connect ions and fuses and make certa in, 

power supp ly is connected to the correct I ine voltage (it is norma ll y delivered for 11 5V AC operat ion ). 
b) No DC Output : 

1) Check rear barr ier-strip jumper connection fo r correct placement and t igh t seat (R efer to 
FIG. 4-1) . 

2) Chec k the correct p lacement and tight sea t of all transistors on the ampli f ier board (R efer to the 

co mponent location drawings and parts li st in Sect ion V I). 
3) Check reference vo ltage from terminal (2) to (8) on the rear barr ier str ip. Correc t reference 

potent ial is 6.2V nominal. 

4) Check amp lifier supply vo ltages from the "O V DC" buss. (Refer to Main Schemati c, FIG. 6-3) 
5) Test ampli f ier t ransistors* 02 , 03, 04. 

c) HI GH DC OUTPUT : If the output vo ltage is high and not controllab le by the voltage contro l, ident ica l 

steps as ou tlined above (par. 5- 14b) are advisab le. In addit ion, if the condition persists, check the 
fo ll owing: 

1) Check the pre-dr iver transistor * (01) and the main dr iver (0305) as we ll as all pass-e lements 

(030 1-3 ... , the number of pass-elements depends on the indiv idual mode l) . 

2) Check the vo ltage cont ro l resistor (R102) fo r cont inui ty . Moni tor outpu t w ith an osc illoscope 

and observe rippl e wave-form and amp li tude. If high frequency osc illati ons are observed proceed 
as d irected be low. (Refer to par. 5- 14e). High 60 Hz ri pp le is often due to fa ilure in one of the 

rect if ier circuits. Measure the operating vo ltages under the cond itions spec ified in the main 

schemat ic (F IG. 6-3). 

d) I f supply does not function in one of the remote programm ing modes, d isconnect all ex terna l 
components and reconnect internal reference and the vo ltage contro l. The fo ll owing paragraphs refer to 
the instrument as a power supp ly, rather than an amplifier in order to simplify test set-ups and 

measurements. 
e) If the power supply is bas ica ll y fun ctioning, but poor performan ce is ev ident, inspect the test set -up to 

make ce r ta in the source of the troub le is not ex ternal. 

f) Excessive output var iat ions in any of the operat ing modes are usually traceab le to incorrect ly connect 

loads or faulty measurement tech niques. Perform measurements as described in paragraph 5- 16 and 
fo llow the connecting diagrams. 

g) Osc illation of the output voltage or output current is often due to a load with a large induct ive 

component. Twisted loadwires of sufficient diameter and held as short as pract ical , are often the 
solu tion to the problem, if lag network ad justment does not correc t the trouble. (R efer to par. 5-7). 

5- 15 KEPCO Field Engineering Off ices or the KEPCO Repa ir Department w ill be ava ilab le for consultat ion or 

direct help in diffi cult serv ice or app licat ion prob lems. 

* NOTE: If a transistor checker is not ava ilable, transistors may be chec ked for shorts by means of an ohmmeter. 
Check between emitter and co llector and reverse polarity of the ohmmeter. One reading shou ld be high, 

the other low, the ratio be ing about 1: 4. 
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5-16 POWER SUPPLY NIEASUREMENTS 

5- 17 Measu rement of the sign ificant parameters of a power supply is a requ irerwmt for incom ing inspect ion, 

period ic ma in tenance, or after component rep lacement. Since the measurements require spec ial techniques to 
insu re correct results, suggest ions for t heir performance are given be low: 

5-4 

a) Requ ired Instrumentation: 

1) Constant AC source vo ltage w ith prov isions for "stepp ing" t he vo ltage over a specified region 
( 105- 125V); a var iab le au totransformer is genera lly adequate, if it is rated to de liver the input 
curre nt of the unit under test. 

2) Resist ive load, var iable, w ith ON/OFF and SHORT IN G SW ITCH and capable of dissipat ing the 
fu ll output power of the unit under test. 

3) DC vo ltage moni tor, differential vo ltmeter, or power supply analyzer. 
4) Current se nsing resistor, for measurements of output effects in the current mode, 4-term inal 

dev ice. 
5) AC ripp le moni tor, sensit iv ity better than 1 mV, Ba llantine Model 302C or Hewlett Packard 

Model 400H . 
6) Optiona l : Osc illoscope , vert ica l sensit iv ity better than 0.1 mV /cm. 

b) F IG. 5-3 shows the proper locat ion of in strument leads when measuring output effects. The principle 
governing th is method of measu rement is simp ly DO NOT MEASURE ANY VO LTAGE DROPS DUE 

TO LOAD CURRENT FLOW. Th is can only be avo ided by measuring output effects either directly at 
the sensing leads or by the use of 4-terrn inal network. T he 4-termina l network can be approx imated by 

the method shown in FIG . 5-3d. 
c) Output effects due to source or load var iations in t he vo ltage mode are def ined as the amount of output 

vo ltage change result ing from a specified change of line vo ltage or from a change in load resistance. It 
can be expressed as an absolute change 6E 0 or as a percentage in reference to the t otal output voltage 

Ea: 

% Output Effect 
6E0 x 100% 

d) Output effects due to sou rce or load var iat ions in the current mode are def ined as the amount of output 
current change resu lting from a spe.jfied change in line vo ltage or from a change in load resistance. It 
can be expressed as an abso lute change 6 10 , or as a percentage in reference to t he tota l output current 

lo : 

6 10 
% Out put Effect = -- X 100% 

lo 

e) RMS ripp le may be monitored on a true RMS read ing instru ment connected parallel1:o the regulat ion 
analy zer leads. Carefu l w ire dressing and shielding, as we ll as good AC ground ing are of the utmost 
importance if va lid measurements are expected. A n osc ill oscope may also be used for P-P read ings of 
noise and ripple. An approx imate RMS reading can be ca lcu lated from the P-P read ing of the 

osc ill oscope if the reading is d iv ided by three. 
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TO DIGITAL OR DIFFERENTIAL 
VOLTMETER, TO MEASURE 6E0 
AS Sl IS OPENED OR CLOSED 

'----Jio 
HEAVY-DUTY @ 

OUTPUT 
TERMINALS 

a) OUTPUT EFFECT MEASUREMENT 
(VOLTAGE) WITHOUT ERROR SENSING 

TO DIGITAL OR DIFFERENTIAL 
VOLTMETER , TO MEASURE 6vRS 
AS Sl IS OPENED OR CLOSED 

S1 

L--..... --...(io 
HEAVY-DUTY 

OUTPUT @ 
TERMINALS 

I 
I I 
I I 
I I 

~ 

TO DIGITAL OR DIFFERENTIAL 
VOLTMETER, TO MEASURE 6E0 
AS Sl IS OPENED OR CLOSED 

i@1 
2 

3 

4 

5 

6 

7 

8 

g 

@ 

b) OUTPUT EFFECT MEASUREMENT (VOLTAGE) 
WITH ERROR SENSING AT THE LOAD 

OUTPUT EFFECT 
MEASURING M 
INSTRUMENT 

TO LOAD 

HEAVY-DUTY 
REAR OUTPUT TERMINALS 
(If Model Has Rear Binding Post. 
Loop Wire Arround) 

c) OUTPUT EFFECT MEASUREMENT (CURRENT) d) APPROXIMATION OF A FOUR-TERMINAL 
NETWORK 

NOTE: Rs should be selected such that Its wattage rating 
Is at least 10 times the actual power dissipated. 
Stability and regulation depend on the stability 
of Rs · Recommended T .C. for Rs Is 20 ppm . 

FIG. 5-3 CONNECTIONS FOR POWER SUPPLY MEASUREMENTS 
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SECTION VI-ELECTRICAL PARTS LIST AND DIAGRAMS 

6-1 GENERAL 

6-2 This section contains the main schematic, the parts location diagrams, and a list of all replaceabl e 
electrical parts. All components are listed in alpha-numerical order of their reference designations. 
Consult your Kepco Representative for replacement of parts not listed here. 

6-3 ORDERING INFORMATION 

6-4 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 

6-5 Specify the following information for each part : 

a) Model and complete serial number of instrument. 

b) Kepco part number. 

c) Circuit reference designator. 

d) Description. 

6-6 To order a part not listed in the parts list, give a complete description and include its function and location. 

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

1) Replacement o f a complete subassembly is a comparatively rare necessi ty. 

2) Kepco's subassemblies are readil y servi ceabl e, since most of them are of the "plug·in" type. 

3) All active componets are socke t mounted , making replacement ex tremely easy. 

4) The nature o f a c losed·loop power supply sys tem requires that subassembly replacement is fo llowed by careful measure­
ment of the total power supply performance. In addi ti on, depending on the funct ion o f the subassembly, extensive align­
ment may be required to res tore power supply perf ormance to specified values. 

IF REPAIRS 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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ABBREVIATIONS USED IN KEPCO PARTS LISTS 

A) Reference Designators: 

A = Assemb ly L = Inductor 

B = Blower (Fan) LC = Light -Coupled Device 

c = Capacitor M = Meter 

CB = Circuit Breaker p = Plug 

CR = Diode Q =. Transistor 

OS = Device, Signaling (Lamp) R = Resistor 

F = Fuse s = Switch 

FX = Fuse Holder T = Transformer 

IC = Integrated Circuit TB = Term inal Block 

J = Jack v = Vacuum Tube 

K = Relay x = Socket 

B) Descriptive Abbreviations 

A =Ampere MET = Metal 

a-c = Alternati ng Current n = Nano (10-9) 

AMP = Amplifier NC Normally Closed 

AX =Axial NO Normally Open 

CAP = Capacitor p = Pico (10-12) 

GER = Ceramic PC = Printed Circuit 

CT = Center-Tap POT = Potentiometer 
oc = Degree Centigrade PIV = Peak Inverse Voltage 

d-c = Direct Current p-p Peak to Peak 

DPDT = Double Pole, Double Throw ppm Parts Per Million 

DPST = Double Pole, Single Throw PWR Power 

ELECT = Electrolytic RAD = Radial 

F = Farad RECT = Rectifier 

FILM = Po lyester Film RECY = Recovery 

FLAM = Flammable REG = Regulated 

FP = Flame-Proof RES = Resistor 

OF = Degree Fahrenheit RMS = Root Mean Square 

FXD = Fixed Si =Silicon 

Ge = Germanium S-End = Single Ended 

H = Henry SPOT = Single Pole, Double Throw 

Hz = Hertz SPST = Single Pole, Single Throw 

IC = Integrated Circuit Stud Mt = Stud Mounted 

K = Kilo (103) TAN = Tantalum 

m = Milli (10-3) TSTR = Transistor 

M = Mega (106) fl = Micro(µ) (10-6 ) 

MFR = Manufacturer v =Volt 

w =Watt 

WW = Wire Wound 



(kePco) R E PLAC E M ENT PARTS 
--------------- ® 

AMPLIFIER BOARD ASSEMBLY (A1), MODEL JOE 25-20(M) (T) (E) 

SCHEMATIC 
NO. 

Av 

C1 

C2 

C3,4 

C5 

C6 

C7 

cs 

CR1,6,8 

C2,9,10, 
12,13 
CR3,11 

*CR3 

CR4,5 

CR7,14,15 

CR16 

**CR17 

01 

02,3 

04,5 

R1 

R2 

R3 

R4 

R5 

QTY. 

2 

3 

5 

2 

2 

3 

2 

2 

DESCRIPTION 

Plug-In Amplifier 

Capac it or ,Electrolytic 
150µF, 25V 
Capacitor ,Electro I yt ic 
75 µF, 50V 
Capacitor ,Electrolytic 
150µF, 3V 
Capacitor ,Mylar 
0.1 µF, 600V 
Capacitor,Mylar 
1µF,200V 
Capacitor ,Electrolytic 
150 µF, 15V 
Capacitor.Mylar 
0.05µF, 200V 
Rectifier,S ii icon.Bridge 

Zener Diode 

Zener Diode 

Zener Diode 

Rectifier,S ii icon 

Rectifier ,Sil icon 

Rectifier,S ii icon 

Zener Diode 

Tran~istor ,N PN 

Transistor,NPN 

Transistor ,N PN 

Resistor, Fixed ,Molded 
130 ohm, 1/2 W, 5% 
Resistor,Fixed,M.G . 
3 Kohm, 1/4 W, 5% 
Resistor,F ixed ,Molded 
560 ohm, 1/2 W, 5% 
Resistor, Variable,WW 
1 Kohm, 1/2 W, 10% 
Resistor, Fixed ,Molded 
560ohm, 1/4W, 10% 

*Models with suffix "T'' only. 
**Models with suffix "E" only. 

NOTE: 

MFRS. NAME & PART NO. 

Kepco 
250-0013 
Sprague 
30D 
Sprague 
30D 

(SEE NOTE) 

General Electric 
76F 
TRW 
X663F 
Wesco 
33MM 
Sprague 
30D 
TRW 
X663F 
Varo 
VE-28 
Transitron 
1N763-1 
International Rectifier 
1N821 
International Rectifier 
1N827 
EDI 
CEC 1000 
Semtech 
SE-1 
Semtech 
SE-4 
I nternational R ect if ier 
1N821 
RCA 
2N3054 
M.S. Transistor 
119-0094 
Fairchild 
2N5133 
Allen Bradley 
EB1315 
IRC 
RG 1/4 
Allen Bradley 
EB5615 
Amphenol Controls Division 
2600P-102 
!RC 
GBT 1/4 

LIST 

Code 4-870 

KEPCO 
PART NO. 

250-0013 

117-0713 

117-0646 

117-0512 

117-0316 

117-0395 

117-0677 

117-0315 

124-0346 

121-0028 

121-0041 

121-0062 

124-0178 

124-0133 

124-0028 

121-0041 

119-0060 

119-0094 

119-0093 

115-1859 

115-2294 

115-0888 

115-2264 

115-2210 

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

PLEASE NOTE: THE MANUFACTURER'~ NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS 
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING 
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC. 
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i::k;;p-c-o) REPLACEMENT PARTS 
--------------- ® 

AMPLIFIER BOARD ASSEMBLY (A1), MODEL JOE 25-20(M) (E) 

SCHEMATIC 
NO. 

R6 

R7 

R8 

R9 

R10 

R 11 

R12,26 

* R13 

** R14 

* R15 

**R15 

R17 

R18 

R19 

R20 

R21 

R23 

R24 

R25,27 

R28 

**R29 

**R30,31 

R34 

QTY. DESCRIPTION 

Resistor, Fixed ,Prec ision ,M. F. 
10 Kohm, 1/4 W, 10% 
Resistor, Fixed ,Precision,M. F. 
750 ohm, 1/4 W, 1% 
Resistor,F ixed,Prec ision,M. F. 
5.7 Kohm, 1W,1% 
Resistor,Fi xed ,Precision ,M. F. 
210 ohm, 1W,1% 
Resistor,Fi xed,M .G. 
82 Kohm, 1/4 W, 5% 
Resistor, F ixed,Molded 
3.9 Kohm, 1/2 W, 5% 

2 Resistor,Fixed,Molded 
1Kohm,1/2W, 5% 
Resistor,Fixed,M.G. 
1.3Kohm,1/4W,5% 
Resistor, Variab le, Tri mpot ,Cermet 
100 K ohm, 3/4 W 
Resistor ,Fixed ,Precision ,M. F. 
40.2 Kohm, 1/4W, 1% 
Resistor,F ixed ,Prec ision,M. F. 
10 Kohm, 1/4 W, 1% 
Resistor,F ixed,Molded 
47 ohm, 1/4 W, 10% 
Resistor,F ixed,Molded 
47 Kohm, 1 /4 W, 10% 
Resistor, Variable,Cermet 
20 Kohm, 3/4 W, 10% 
Resistor,Fixed,M.G. 
6.2 Kohm, 1 /4 W, 5% 
Resistor, F ixed,Mo lded 
12 Kohm, 1/4 W, 10% 
Resistor,F ixed ,Molded 
27 ohm, 1/4 W, 10% 
Resistor,Fixed,Molded 
2. 7 Kohm, 1 W, 5% 

2 Resistor,Fixed,Molded 
10 ohm, 1/4 W, 10% 
Resistor ,F ixed,Molded 
1.2 Kohm, 1/2 W, 5% 
Resistor,Fixed,Precision,M.F. 
750 ohm, 1/4 W, 1% 

2 Resistor,Fi xed ,Precision,M.F. 
43.2 Kohm, 1/4 W, 1% 
Resistor ,F ixed,Prec ision ,M. F. 
210 ohm, 1 /4 W, 1% 

* Delete for models with suff ix "E" only. 
**Models with suffix "E" only. 

NOTE: 

MFRS. NAME & PART NO. 

IRC 
CEA 
IRC 
CEA 
Tepro 
TS-1W 
Tepro 
TS-1W 
IRC 
RG 1/4 

(SEE NOTE) 

Allen Bradley 
EB3925 
Allen Bradley 
EB1025 
IRC 
RG 1/4 
Bourns 
3009P-1-104 
IRC 
CEA 
IRC 
CEA 
IRC 
GBT 1/4 
IRC 
GBT 1/4 
Bourns 
309P-203 
IRC 
RG 1/4 
IRC 
GBT 1/4 
IRC 
GBT 1/4 
Allen Bradley 
GB2725 
IRC 
GBT 1/4 
Allen Bradley 
EB1225 
IRC 
CEA 
IRC 
CEA 
IRC 
CEA 

LIST 

Code 4-870 

KEPCO 
PART NO. 

115-2 174 

115-2259 

115-1301 

115-1936 

115-2012 

115-0808 

115-0340 

115-2379 

115-2399 

115-2391 

115-2174 

115-2273 

115-2237 

115-2393 

115-2258 

115-2276 

115-2317 

115-0978 

115-2230 

115-1167 

115-2259 

115-2380 

115-2177 

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

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS 
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING 
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC. 
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<~~Pc~::. REPLAC EMENT PARTS 
----------- - - ® 

MAIN CHASSIS AND FRONT PANEL ASSEMBLY (A2), MODEL JOE 25-20(M) 

SCHEMATIC 
NO. 

QTY. DESCRIPTION 

FRONT PANEL ASSEMBLY CONTAINS: 

CB101 

DS101 

*M 101 

*M102 

R101 

R102 

S101 , 102 2 

*Metered models only. 

B201 

C201,202 2 

C204 

CR201,202 2 

*CR203 

CR204 

R201 

R202 

R203 

R204 

T201 

T202 

Circuit Breaker 

Pilot Light Assembly 

Meter 
0-20A d-c 
Meter 
0-30V d-c 
Resistor,Variable,Composition 
2 Kohm, 1/2 W, 30% 
Resistor, Variable,WW 
30 K ohm,3W,3% 
Switch 

Motor 

Capacitor ,Electrolytic ,P igta i I 
23.5 K µF, 50V 
Capacitor ,E lectro lyti c,P igtail 
4300µF, 40V 
Rectifier ,Sil icon,Stud 

Silicon,Controlled,Rectifier (SCR) 

Rectifier ,S ii icon ,Pigtail 

Resistor ,Fixed ,Power ,Axia l 
75 ohm, 5 W, 5% 
Resistor,Fixed,Power,Ax ial 
500 ohm, 5 W, 5% 
Resistor ,Fixed ,Power ,Shunt 
0.025 ohm, 50 W, 1% 
Resistor,F ixed,Power,R ibbon 
2 ohm, 750 W, 5% 
Transformer 

Transformer 

*Models with suffix "VP" on ly. 

NOTE: 

MFRS. NAME & PART NO. 
(SEE NOTE) 

Heinemann 
VA-2-A6A3 
Industrial Devices 
Glo-Dot 2100 
Honeywell 
Model 504 
Honeywell 
Model 504 
CTS 
VA-45 
Bourns 
3507 
Stackpole 
SS-72-1 

Howard Industr ies 
23112 
Sangamo 
500- 1969-01 
General Electric 
86F500 
International Rectifier 
40HF10 
Internat ional Rectifier 
40RCS5 
Semtech 
SE-4 
Tepro 
TS-5W 
Tepro 
TS-5W 
Tepro 
TMK-50 
Kepco 
115-2476 
Kepco Magnetics 
100-1819 
Kepco Magnetics 
100-1865 

LIST 

Code 4-870 

KEPCO 
PART NO. 

127-0253 

152-0087 

135-0452 

135-0407 

115-2268 

115-1204 

127-0254 

148-0027 

117-0695 

117-0733 

124-0355 

124-0322 

124-0028 

115-0982 

115-0503 

115-2333 

115-2476 

100-1 8 19 

100-1865 

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

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS 
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING 
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC. 
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(-;c-;;p-cc;:;. 
--------------- ® 

REPLACEMENT PARTS LIST 

PASS ELEMENT ASSEMBLY (A3), MODEL JOE 25-20(M) Code 4-870 

SCHEMATIC QTY. DESCRIPTION MFRS. NAME & PART NO. KEPCO 
NO. (SEE NOTE) PART NO. 

C301 Capacitor ,Mylar ,Pigta ii Sprague 117-0363 
0.1µF, 200V 192P 

CR301 Rectifier ,S il icon,Pigtail Semtech 124-01 33 
SE- 1 

0301,302, 8 Transistor ,N PN RCA 119-007 5 
303,304,306, 2N3772 
307,308,309 
0305,310 2 Transistor ,N PN RCA 119-0060 

2N3054 
R301,302, 8 Resistor, Fixed ,Power ,Ax ial Tepro 115-0819 
303,304,307 , 0.1 ohm, 3 W, 5% TS-3C 
308,309,310 
R305,311 2 Res istor,F ixed,Molded IRC 115-2231 

100ohm, 1/4W, 10% GBT 1/4 
R306,313 2 Resistor,Fi xed,Molded IRC 115-2238 

1 Kohm, 1/4 W, 10% GBT 1 /4 
R312 Res istor , Fixed ,Molded IRC 115-2494 

22 ohm, 1/4 W, 10% GBT 1/4 
R314 Res istor ,F ixed,Power ,Ax ial Tepro 115-1980 

750 ohm, 5 W, 5% TS-5W 
R315 Resistor,Fixed,Molded IRC 115-2230 

10 ohm, 1/4 W, 10% GBT 1 /4 
S301 Thermostat Stem co 127-0248 

110486 

NOTE: 

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

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS 
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING 
REPLAC ,~MENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC. 
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.::-;c-e-;;-c-o) 
-~------------- ® 

REPLACEMENT PARTS 

VOLTAGE PROTECTOR ASSEMBLY (A4), MODEL JOE 25-20(M) VP 

SCHEMATIC 
NO. 

C401 

C402 

C403 

C404 

CR401 

CR402 

CR403 

CR404,406 

CR405 

0401,402,403 

R401 

R402 

R403 

R404 

R405,408,413 

R406 

R407 

R409 

R410 

R411 

R412 

R414 

R415 

NOTE: 

QTY. 

2 

3 

3 

DESCRIPTION 

Capacitor ,E lectrolyti c,P igtai I 
140µF, 40V 
Capacitor ,Mylar ,Pigtail 
0.05 µF, 200V 
Capacitor, Variable 
80-480 pF, 175V 
Capacitor ,Mylar ,Pigtail 
0.0068 µF, 200V 
Rectifier ,Sil icon,Bridge,Pigtail 

Rec tifier,Controlled,Silicon (SCR) 

Zener Diode 

Zener Diode 

Zener Diode 

Transistor ,N PN 

Resistor, Fi xed ,Power ,Ax ial 
0.5 ohm, 3 W, 5% 
Resistor,F ixed,Molded 
10ohm, 1/4W, 10% 
Resistor, Fixed ,Molded 
330 ohm, 2 W, 5% 
Resistor,Fi xed,Molded 
100 ohm, 1/4 W, 10% 
Resistor, Fixed ,Molded 
1 Kohm, 1/4 W, 10% 
Resistor.Fi xed ,Prec ision ,M.F'. 
1.1Kohm,1/4 W, 1% 
Resistor,F ixed ,Precision,M . F. 
6.04 Kohm, 1/4 W, 1% 
Resistor,Fixed,Precision,M. F. 
3.92 Kohm, 1/4 W, 1% 
Resistor, Fixed , Precision ,M. F. 
1.5 Kohm, 1/4 W, 1% 
Resistor, Fixed ,Precision ,M. F. 
21pohm, 1/4W, 1% 
Re'sistor ,F ixed ,Prec ision,M. F. 
10 Kohm, 1/4 W, 1% 
Res istor , Vari ab le,T rimpot ,WW 
20 Kohm, 1/2 W 
Resistor, Vari ab le.Cermet 
1megohm, 1/2 W, 10% 

MF RS. NAME & PART NO. 
(SEE NOTE) 

Sangamo 
052FE 141W040B 
TRW 
X663F 
Arco 
PC46 
TRW 
X663F 
Vara 
VE-28 
Motorola 
2N4441 
Transitron 
1N746A 
Transitron 
1 N763-1 
Motorola 
1N3024B 
General Electric 
2N336A 
Hardwick Hindle 
9/166A-46-0.5 
IRC 
GBT 1/4 
Allen Bradley 
HB3305 
IRC 
GBT 1/4 
IRC 
GBT 1/4 
IRC 
CEA 
IRC 
CEA 
IRC 
CEA 
IRC 
CEA 
IRC 
CEA 
IRC 
CEA 
Amphenol Controls Division 
2600P-203 
Bourns 
3009P-1-202 

LIST 

Code 4-870 

KEPCO 
PART NO. 

117-0706 

117-0315 

117-0637 

117-0552 

124-0346 

124-0349 

121-0060 

121-0028 

121-0057 

119-0056 

115-0504 

115-2230 

115-0882 

115-2231 

115-2238 

115-2176 

115-2 175 

115-2 179 

115-2 178 

115-2 177 

115-2 174 

115-2267 

115-2404 

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

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS 
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING 
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC. 
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I@ A5 ASS Y 
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SUFFIX 
11
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11 

ONLY.) 

0 

0 

0 

A3 
ASSY. 

Q306,Q307, Q308, Q309, Q310 (SMALL) 

AND S301 ARE MOUNTED ON THIS PLATE 

<O 

~ l 

SEE DETAIL "B" 

~o :o ~o ~· 
§0 i:O ~o~ 
~ R315 @ 

DETAIL "A" 

C205, C206 ,C207 (NOT USED ON;)\ 
ALL MODEL S SEE MAIN SCHEMATIC) \ 

T201 ® 2 

6201 

C206 \ I 
I~ 

Q301, Q302, 0303, Q304,Q305 (Sr,IALL) 

"' 

~ 1 

SEE DETAIL ."A" 

~~n:~ ~~ .~:oo; 
·o v.o •O ~ 

© 

DETAIL ''.e" 

RIOI 

RI02 

A4 ASS'Y. 
SEE FIG . 6-2 

(ON MODELS WITH 

SUFFIX 11 VP11 ONLY.) 

MIOI 

0 
Sl03 

0 

MI02 

D ~DSIOI 

FRONT PANE URE AR VIEW)) 

(FRO NT PANEL AND COMPONENTS 

MOUN TED ON IT ARE NOT USED ON 

UNMETERED MODELS) 

THIS DWG IS USED FOR THE FOLLOWING MODELS 

JQE 25-20(M),JQE36-15(M), JQE55-IO (M) S 
JQE75-8 (M) 

FIG. 6-1 COMPONENT LOCATION. CHASSIS AND AUXILIARY BOARDS 
(FOR MODELS: JOE 25-20(M). JOE 36-15(M). JOE 55-10(M) AND JOE 75-B(M).) 

Sl02 



Rl4 R4 

~ 
~ 

a) AMPLIFIER !A1) Ass·y 

-1-

P401 

_6_ 

------P4------~12 

SEE NOTE* 2 

NOTE • 
I. LAG AOJ l (R36,CIO} AND LAG ADJ.l!IR16,G9} NOT ON ALL MODELS, 

SEE MAIN-SCHEMATIC. 
2.C ll,C13 8CRl9 ARE NOT USE ON ALL MODELS , SEE MAIN SCHEMATIC. 

3 .Cl3 IS DESIGNATED Cll ON MODEL JOE 100- 2 .5 (M) . 

- ---P5 - - ----

0 
~~

8
R407 0 

CR401 ~ u] 
rn -=r- ~ ~~ ~~ i 

~1T~.e-~ ~~ ~: ~ 
~~ I R4 14 ~ 

1 
R415 r 

bl VOLTAGE PROTECTOR (A4) Ass·y 

6-14 

FIG. 6·2 COMPONENT LOCATION. AMPLIFIER AND VP ASSEMBLY 
(USED FOR ALL HALF RACK MODELS EXCEPT 6-45(M) AND 15-25(M).) 

C-J/•,,/22·70A 

I 

1 
<D 

j 
1 
<D 



KEPCDe INSTRUCTION MANUAL CORRECTION 

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

Parts List and Schematic Diagram: 

1. CHANGE : C8101 Cireuit Breaker Kepco PIN 127-0253 
TO: C8101 Circuit Breaker Kepco PIN 127-0286. 

2. CHANGE : C201 ,202 Capacitor. Electrolytic, Can 23.5KuF, 50V Kepco PIN 117-0695 
TO: C201 ,202 C~pacitor. Electrolytic, Can 23.2KuF, 50V Kepco PIN 117-0766. 

3. CHANGE : 03 Trinslstor, Silicon, NPN Kepco PIN 119-0094 
TO: 03 Transistor, Silicon, NPN Kepco PIN 119-0059. 

4. DELETE : R12 Resistor, Fixed, Molded 1Kohm,5%, 112W Kepco PIN 115-0340. 

5. ADD: C14 Capacitor. Ceramic, Disc. 0.005uF. 500V Kepco PIN 117-0061 . 

Note: C14 has been added to Assembly A 1. It is connected between the collector and the emitter of 03. 

6. ADD: C206,207 Capacitor, Mylar, Axial Leads 2uF. 10%, 200V Kepco PIN 117-0129. 

7. ADD: C205 Capacitor, Mylar, Axial Leads 3uF, 20%, 200V Kepco PIN 117-0354. 

Note: C205, C206, C207 have been added to Assembly A2. C205 is connected across the main de winding 
of T201 . C206 and C207 are connected across CR201 and CR202 respectively. 

8. CHANGE: AV 
TO: AV 

Plug-In Amplifier 
Plug-In Amplifier 

Kepco PIN 250-0013 
Kepco PIN 250-0052. 

Note: The "E" OPTION (E10 NULL OR ZERO ADJUST) is now a standard feature on all JOE models. 

JOE 25-20(M)l2-271 lr3 C2529 
JOE 25-20(M)/7-1971lr3 C2697 
JOE 25-20(M)l3-1072lr4 C2828 
JOE 25-20(M)l8-2272/r5 C2982 
JOE 25-20(M)l12-475lr7 C3444 
JOE 25-20(M)l1-777 lr8 C3676 
JOE 25-20(M)l5-279/r9 C4336 
JOE 25-20(M)/1-2580lr10 C4532 

KEPCO, INC. · 131 -38 SANFORD AVENUE· FLU SHING, N.Y. 11 352 U.S.A. • (212) 461-7000 ·TWX #710-582-2631 ·Cable: KEPCOPOWER NEWYORK 
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