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SECTION | -INTRODUCTION

SCOPE OF MANUAL

This manual contains instructions for the installation, operation, and maintenance of the Kepco PAT Series
of power supplies.

GENERAL DESCRIPTION

The Kepco PAT Series of programmable power supplies consisis of a group of modular units with identical
outside dimensions (refer 10 F1G’s. 1-1,1-2) and electrical specifications except as noted in TABLE 1-1.

Features of the Kepco PAT Series include short-circuit proof design by means ot an extremely sharp current
limit circuit, provisions for full-range programming and all silicon design with conservatively rated
components for added reliability. The NPN output transistors are driven by a monolithic, linear IC amplifier.
Kepco PAT modules may be readily adapted to provide stabilized outout current by adding external sensing
and control resistors, refer 1o Section I11. Other features for the Kepco PAT Series power supplies include:

a) Built-in Control Current adjustment { [, Adj., R16)
b) Precision zero adjustment ( E,o Null, R10).

c) Current Limit adjustment { |1, Limit Adj., R19).

NOTE: PAT models with suffix “20000", e.g. "Model PAT 40-0.5—-20000"", have a built-in output voltage
control rheostat { R,., R13 ). On standard PAT models the voltage contro} resistor must be
provided externally.

SPECIFICATIONS, GENERAL

a) INPUT 105 to 125V a-c or 210 1o 230V a-c (selectable, refer to par 2-5), 50 to 440 Hz, single
phase. See TABLE 1-1 for the input current on each model.

b) OPERATING TEMPERATURE - 20°C t0+71°C.
¢) STORAGE TEMPERATURE" - 40°C 10+ 85°C

d) COOLING Convection.

e) ISOLATION VOLTAGE. A maximum of 500V {(d-c or p-p) can be connected between chassis and
either output terminal. Common mode current from either output terminal to ground  5uA rms, 50uA
peak to peak at 115V a-c input, 60 Hz.

f) VOLTAGE CONTROL PAT modules are crdinarily supplied without a vo'tage contro!. Exiternal
fixed or variable programming resistors are used to ccontrol the output. Optionally, on PAT Models
with suffix 20000 a built-in trimmer is provided for up to 20 volts adjustment range. * Stability and
temperauture coefficient criteria require the use of high quality, low T.C. { 20 ppny min. ) wirewound
elements for programming.

q) PROGRAMMING Terminals provide for resistive programming of voltage or current at approximately
1000 ohms per volt Programming terminals are also provided for programming by means of remotely
located voltage or current signals. Built-in trimmers are provided to adjust the control ratio over 3 10%
range and set the power supply to exactly zero volts, so that exact value fixed programming resistances
ran be used conveniently See pars. 1-5b and 1-5¢)

nj CURRENT LIMIT CONTROL A single-turn control provides adjustable current limiting from 10% to
105% of rated full load current

* Inguire at factory.
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)] SHORT-CIRCUIT PROTECTION. Unigue current limiting circuitry permits continuous operation into
a short circuit without the aid of fuses, circuit breakers, or relays. Output returns to the operating
voltage when the overload is removed.

i) REMOTE ERROR SENSING: Errorsensing terminals enable specified voltage reguiation to be
maintained directly at the load by compensating for voltage drops up to 0.5 volts across each load
supply lead.

k) SERIES/PARALLEL OPERATION: Series connection of identical units is possible up to the specified
jsolation voltage limit, and provided the necessary precautions are taken. (See par. 3-33.) PAT supplies
can be parallel connected and will share the load by means of their current limiting feature. (See
par. 3-36.)

1) COOLING: Heat removal is by natural convection without blowers,

m) OVERSHOOT: No output voltage overshoot from turn-on, turn-off, or power failure for output
settings above 25% maximum rated output voltage. Below 256%, output voltage overshoot is a function
of load current and is negligible for loads in excess of 10% of the maximum rated load current.

1-7 SPECIFICATIONS, ELECTRICAL PERFORMANCE
a) F ofer to TABLES 1-1 and 1-2.

D-C OUTPUT QUTPUT IMPEDANCE MAX.

MODEL RANGE OHMS + MICROHENRYS INPUT
AMPS

D-C to 100 Hz 1 kHz to at 125

VOLTS AMPS 100 Hz to 1 kHz 100 kHz + UH VvV A-C
PAT 7—2 0-7 0-2 0.2 X 1073 0.02 0.1+1 0.50
PAT 15-1.5 0-15 0-1.5 0.5 X 1073 0.02 0.1+1 0.65
PAT 211 0—21 0-1 1x10°3 0.02 0.1+1 0.45
PAT 40-0.5 040 0-0.5 4x10°3 0.02 0.1+1 0.40
PAT 72—0.3 0-72 0-0.3 12 X103 0.02 0.1+1 0.45
PAT 100-0.2 0-100 0-0.2 25 X 1073 0.02 0.1+1 0.45

TABLE 1-1 OUTPUT SPECIFICATIONS AND A-C INPUT CURRENT REQUIREMENTS.

NOTE: Kepco has adopted new technical terms recommended by the International Electrotechnical Commission (IEC).
These terms replace or supplement previously used expressions, mainiy to avoid difficuities in transiation and
prevent erroneous Interpretations at home and abroad.

In this instruction manual Kepco discontinued the use of the specifications entitied *line regulation’’ and “load
regulation’” because of the long standing (and misteading) connotation that a power supply regulates the line or
the load. Instead, Kepco will follow the recommendation of the I1EC and speak of the **Output Effects, caused by
changes in the Influence Quantities.” The "Output Effects’’ are specifled either as a percen change referred to
the maximum specified output voitage (Eo) or current (lg) or as an absolute change (OEg, Alo) directly in
milivolts or milllamperes or both. The “Influence Quantities’’ are the *“‘Source Varlations' (formerly a—c line
varlations), the changes in load, temperature or time as previously specified. The lilustration below wlil clarify the
use of the new terminology.

INFLUENCE QUANTITIES
1) SOURCE VARIATIONS

AC INPUT SOURCE 2) LOAD VARIATIONS
(FORMERLY “AC LINE™) 3) TEMPERATURE VARIATIONS
[ 4) TIME VARIATIONS
POWER SUPPLY
EocORIp LOAD
UNDER TEST
)

OUTPUT EFFECTS: (AEo, Do)
1) DUE TO SOURCE VARIATIONS (formerly LINE REGULATION)

2) DUE 7O LOAD VARIATIONS (formerly LOAD REGULATION)
3) DUE TO TEMPERATURE (COEFFICIENT, NO CHANGE)
4) DUETO TIME (formerly STABILITY)

1-2 PAT/46-70



OUTPUT EFFECTS

VOLTAGE AMPLIFIER
OFFSET
VARIATIONS** *«»

VOLTAGE-
SPECIFICATION VOLTAGE CURRENT OFFSET OFFSET REFERENCYE
MODE MODE**+ VOLTAGE CURRENT | (Internal)® s+
AEio Alio
OUTPUT RANGE. 0—100% E, max. 1 mA—100% I, max. Fixed 6.2V 5%
SOURCE: 105-125/210-250V a< <0.0005% < 0.005% <10uv <2nA 0.0001%
LOAD: No load — full load <0.005% or 0.2 mV* <0.01% <200 puv <5nA
TIME: 8-hour (drift) <0.01%or 1 mv* <0.02% <20 uv <2nA 0.005%
TEMPERATURE: Per °C <0.01% <0.02% <20 uv <5nA 0.005%
RIPPLE: (rms) <0.t mv <0.02% of 1, max.
RIPPLE: (P-P 20 Hz to 10 MHz) <05 mv <0.1% of t, max.

“NOTE: Whichever is greater.

*“*NOTE: Current mode output effects {Al,) are measured across the external sensing resistor. Thic resistor must be a high
quality, wirewound unit, with a wattage at least 10 times the actual power dissipated, have a temperature coefficient of
20 parts per million or betier and drop a sample voltage of 1.0 volt at the measuring current. A resistor built as a
4-terminal network is recommended. Current control is exercised with an external 20 ppm feedback resistor.

***“Offset and reference variations {AE;q, Qtio. OE,) contribute to output effect [AE ) according to the equation:

OEg = 2OE ef IRg/R;) AE o {1 + Ry/R;) £Alg (Re)

where Ry is the feedback resistor and R; is the input resistor from the signal reference. Use the offset variations to calculate
output effects when selecting external input/teedback slements or if the internal reference is replaced by a programming signal.

1-8 ACCESSORIES ( OPTIONAL, NOT SUPPLIED)

a) One-unit rack adapier, Kepco Model RA 26—1.

b) Two-unit rack adapier, Kepco Model RA 27—2.

¢) Four-unit rack adapier, Kepco Model RA 28—4

19 PHYSICAL SPECIFICATIONS

al Refer 10 "Mechanical Outline Drawing,” FIG. 1-2
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FIG. 1.2 MECHANICAL OUTLINE ORAWING.
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SECTION 11 — INSTALLATION

PAT power supplies are made on the 14-terminal barrier-strip as

NOTES:

1) The jumper links on TB1
must be sacurely connected
as shown in the figure.

2) Connect load and external
Rvc as shown before ap-
plying a-c input.

ATTENTION!

A FOLD—~OUT DIAGRAM IS
PROVIDED AT THE END OF
SECTION 11} (FI1G. 3-16), RE-
LATING THE BARRIER-
-STRIP CONNECTIONS TO
THE CIRCUITRY OfF THE
PAT POWER SUPPLY.

2-1  UNPACKING AND INSPECTION
2-2  This power supply has been inspecied snd tested at the factory prior 10 packing and is shipped ready for
operation, After careful unpacking, inspect the instrument for shipping damage before attempting to operate
it. Perform an operational check as described below. {See par. 2-9.) If there is any indication of damage, file
a claim immediately with the responsible transpori service.
2-3 TERMINATIONS
2-4  All inpul and outpul connections on the
shown in FIG. 2-1.
KEPCO PAT -
POWER SUPPLY 8 _
- 2 > o &
g zg z: 2o
2 o re £Z 8 3 5 w
: Z z 5 5 2 3w 38 g 2% 5 «®
- = o 7] a a v ZzZg - JJ ZFE ¢ uw
o > « z = [ Zz . < D= o Q9 @ W w
T w5 w2 2 w7 S >% 4, x &
! z ! 2 ,O. e 2 az wWa p=za> T =
¢ ¢ ¢ I 1T T % 32 o x83z . &
] 2 3 4 -3 6 7 [} 9 10 1 12 13 14
AC = »
2| 2@ ololl@ 2| @],
(EXTERNAL) = =="as ¥ = =
"17 -
) e S
/ ALTERNATE J
SIGNAL I
70 AC INPUT GRD.
sounce A [roso | 4 R e
SAFETY SIGNAL EXT. OUTPUT
GROUND GROUND VOLTAGE CONTROL
FIG. 2-1 TERMINATIONS AND STANDARD JUMPER-LINK CONNECTIONS.
25 A-CPOWER REQUIREMENTS

2-6

This power supply is normally shipped for operation from a nominal 115V a-c source, single phase. If
230V a-c operation is desired. the transformer primary link connections must be changed as shown in FIG.

2-2.

FUSE (F1)

\

rH

2

5
i

1N

PLACE (2) JUMPERS, (1)~ (2) AND (3)=(4)
FOR 115V AC. OPERATION
(REMOVE 230V AC JUMPER)

PARTIAL TOP VIEW
PAT UNITS

PLACE (1) JUMPER, (2)-{3)
FOR 230V AC OPERATION
{REMOVE 115V AC JUMPERS)
CHANGE FUSE (F1) TO ONE-
HALF ITS FORMER RATING.

FI1G. 2-2 CONVERSION TO 230V A-C OPERATION.

PAT/46-70
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. GROUNDING

2-8  a)

b)

SAFETY GROUND. For safety reasons it is important that the metal chassis of the PAT power supply
be connected 10 an a-¢c ground. Ii a8 3wire line cord and a properly grounded outlet are used, the
grounding is automatically accomplished. If only a 2-wire line cord is used, the meial chassis of 1he
power supply must be grounded separately by returning barrier-strip terminal (3) to an a-¢ ground.
SYSTEM GROUND. The d-¢c ouiput terminals of the PAT power supplies are isolaled from the 3-c
power line and from the chassis, except for a capacttor/resistor series connection from the negative i-)
output 1o chassis. Since no d-c connection exists 1o the chassis, either side of the power supply may be
grounded. A maximum of 500V (d-c or p-p} can be connected between chassis and either output
terminal. If the provided internal capacitor/resistor connection from {-) output to chassis is not desired,
and the positive side of the PAT is to be grounded, the sysiem ground may be established outside the
power supply by removing the provided flexible grounding lead from the grounding lug and transferring
it to the "'blind” or ungrounded position, (Refer to FIG.2-3.) The output of the PAT is now
completely “floating,” and either the positive or negative may be grounded elsewhere in the system or
at the load.

FLEXIBLE GROUNDING LEAD
(SHOWN IR GROUNOEO POSITION)

UNGROUNDED
PGSITION PAT
\ \\ ) SIMPLIFIED

TOP VIEW

1

FIG. 2-3 LOCATION OF GROUNDING tUG.

2-9 OPERATIONAL CHECK

2-10 After a-c power connections have been made as described in paragraph 2-5, a functional check may be
performed as follows:

Connect an external voltmeter {M1) 1o terminals {5)—{6) as shown in FIG. 2-4, Connect a line cord to
terminals {1}—(2) with the ground wire to terminal (3).

NOTES:
(EPco PaT - T fure ke on T8
|-
POWER SUPPLY B > w 3 as shown in the figure.
s 5©° 3 « i 2) Connect load snd external
z wf > 5 & Ryc as shown before ap-
|5 - Xz w z g w - .
4 o O o 4 x o o > « plying a< input.
a z z 5 &% Lw Do X 52
« 5 = 2 2 z z5 [=] o az
= n & a g = - o v
- L=y ] z - - z . B 00 Z»r w ut
o 3 £ & 3 2 @& 7 Yz S5 "z a
T z o n o o w Zz x — = W~ -~
;2L 2 2 pdr iS5 crart Y
< 9 <= X 12t 2 3z ———38 IZT L =
[ 2 3 4 8 [} 4 [] 9 10 11 12 13 V4 J
poe ha Kdikd (e F A I Callcal R R N o PR
. AA A FOLD-OUT DIAGRAM IS
pV4 M v Ry PROVIDED AT THE END OF
/ ALTERNATH S1aNaL SECTION Il {FIG. 3-16), RE-
signaL OROUND (174w RESIATOR, LATING THE BARRIER-
10 AC WPUT sro. {y e STRIP CONNECTIONS TO
SOURGE = NETER TO THE CIRCUITRY OF THE
MEASURE MAX. PAT POWER SUPPLY.
?;OEU':D OUTPUT VOLTS Eo wax.x Ryg (x onms)
TINES INA .
FI1G. 2-4 OPERATIONAL CHECKOUT.
2-11 The resistor which is connecled to terminals {11)—(12) serves as the voltage control resistor {Ryc). It is

intended for preliminary checkout purposes only. Regulation and stability measurements require metal tilm or
wirewound resistors with temperature coefficients of 20 ppm or better. The outpul voltage measured on M1
should be proportional 10 the resistance of Ryc. Since a nominal 1000 ohm per volt control ratio is used in the
PAT power supplies, the output vollage will be approximately equal to 1 mA times the kilohms acrass
lerminals (11)—{12). A variable resistor of appropriate value may be used 10 check the supply over its full
output range. This completes the operational test of the PAT power supply.

22
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SECTION i1l — OPERATION

STANDARD POWER SUPPLY OPERATION FOR STABILIZED OUTPUT VOLTAGE

GENERAL. The PAT power supply is shipped from the factory with 5 removable jumper-links in place at the
rear barrier-strip (TB1). All links must be in place and secured tightly for standard (local sensing) operation,
With the external voltage control resistor (Rye) mounted between terminals (11) and (12) on TB1, the power
supply will deliver a minimum rated output voltage equal to Ryc (kilohms) X 1 mA).

NOTES:

1) The jumper links on TB1
must be securely connected
as shown in the figure.

2) Connect load and external
Ryc &8s shown before ap-
plying a-c input.

KEPCO PAT
POWER SUPPLY

EXT. CURRENT
LIMIT CONTROL
AMPL. INPUT (NULL JCT)

(NON - INVERTING)
® (INVERTING)

}

EXT. VOLTAGE

& (-} SENSING

a (=) OUTPUT

o (+) OUTPUT

~ (+) SENSING
AMPL . INPUT
CONTROL

@ E, (REF. VOLTAGE)

|- AC -HOT

=)

AC
ON-OFF I T8l
(EXTERNAL) " I I ATTENTION)
A FOLD-OUT DIAGRAM IS

S)||z r, (REF. RESISTOR)

! S | = AC NEUTRAL
l@ o AC-GROUND

o
1S
]

IS
S
S

> —~o—rwo <ty A\ w4
Vi ALTERNATE SIGNAL Ryc PROVIDED AT THE END OF
SIGNAL GROUND SECTION Il (FIG, 3-16), RE-

TO AC INPUT
SOURCE -_ -STRIP CONNECTIONS TO

33

34

FIXED VOLTAGE
CONTROL RESISTOR LATING THE BARRIER-

GRD.

LOAD

SAFETY THE CIRCUITRY OF THE
GROUND PAT POWER SUPPLY.

FF1G. 3-1 CONNECTIONS FOR FIXED OUTPUT OPERATION.

LOAD CONNECTION. The load may be connected as shown in FIG. 3-1. Load connecting wires should be as
heavy as practicable since load wire voltage drops will degrade reguiation at the load. Specified power supply
performance will in this case be present at the error-sensing terminals (4)—(7). Refer to Section V for correct
connections when measurirg power supply performance.

ERROR SENSING. Specified stabilization performance directly at the load requires the use of remote error
sensing. Error sensing wires should be of the same gage as the load wires and each error sensing lead should be
tightly twisted with its respective load wire. (See FIG. 3-2.) Observe polarities. The negative sensing lead from
terminal (4) must go to the negative ioad side.

KEPCO PAT E
POWER SUPPLY 3 S
-~ = _l w o
Y : ¢ 5
z z e = - =
J - :‘xJ z w z -1 3
T 2 ¢ - » ¢5x 8 § 58 8 «
£ S s = = ‘_’z_, 2 3 Sa 2% W
= S5 © Z » E z =EZ E 92 %% "]
o @ & & S5 3 w ;7 rXE SE ;E @ &
x z *;" 73 o o »w g s x5 - % w £ ~
(5] T ey ~ Z [= z “ -
g @ & I 1V t+t 4z —A—V3IZ w «
] 2 3 4 5 6 7 [ 9 0 1 12 s 14
AC ﬁ}lr—r'{ ;———4 7 —] )
2.0\ D: 2] |2 @] [@|<
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FIG. 3-2 LOAD CONNECTION WITH REMOTE ERROR SENSING.
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35 TURN-ON. An a-c source switch may be mounied externally to facilitate connection to and (rom the power
hine. If only a single pole switch is used, it should be connected 1n series with terminal (1), the “hot’’ side of
the power source.

36 VARIABLE OUTPUT VOLTAGE. The output voltage of the PAT power supply may be varied from
approximatety zero 10 i1s maximum rated value by replacing the supplied fixed voltage control resistor by a
suitable rheostal. The control ratio {ohms per volt) is approximately 1000 ohms per volt in all PAT power
supplies so that for each 1 kilohm of control resistance, | volt of output voltage will be available. A good
quality, wirewound or metal film potentiometer {rheostat connected) should be used as the voltage control
resistance. Shielding of the leads going to the voliage control 1s recommended 10 reduce ripple “pickup.”
(Refer 10 FIG. 3-3.}

NOTES:
KEPCO PAT E N 1) The jumper links on TB1
POWER SUPPLY S - K must be securely connected
~ g’ . as shown in the figure.
< 62 z ) 2) Connect load and extarnal
= - w - o w
2 © o .~ , 2 g 25 & 55 3 « Rve as shown before ap-
a z z 5 = Z Su 50 g i . w plying a-c input.
= 2 & o v 8> (] Z =
- s ¥ rz Zz ~ A8 °SF w W
s g £ 2 5 5 §E oorog3iioyog
¥ T+ R
¢ Y 9 I I %I T 32 —~—%3IZ S ¢
. 2 3 & B 6 T B 9 10 sl 2 I3 i
A — s s —
ON-OFF @ @ | | | | |@| @ @' @ Q|| B
(EXTERNAL) — =l P e = —- ATTENTIONI
4
T ~—— AV —¢]> O A FOLD-OUT DIAGRAM IS
) ALTERNATE | PROVIDED AT THE END OF
siomaL SECTION Il {FIG. 3-16), RI=-
TO AC INPUT ' LATING THE BARRIER:
LOAD R
SOURGE == l-——/ é ve STRIP CONNECTIONS TO
EXT. ouTteuT THE CIRCUITRY OF THE
SAFEYY -
GROUND mloz:l,; VOLTAGE CONTROL PAT POWER SUPPLY.

FIG. 3-3 CONNECTION FOR VARIABLE OUTPUT VOLTAGE.

3-7 INTRODUCTION TO PROGRAMMING

38 GENERAL. A few general remarks may be in order to familiarize the user of this equipment with the
terminology and basic equations pertaning to remole programming of the Kepco PAT Power Supplies.
Electrically, the power supply consists of the unregulated d-c source (Eyy), the pass element {Ep), the d-cerror
amplifier {A}, and a8 comparison circuit which resembles a 4-arm electrical bridge. {Refer 10 FIG, 3-4.) The
elements of the bridge are arranged to produce a virtual zero at the amplifier input when the bridge circuit is
at balance (Vaa’ = 0). Any tendency for the ouiput voltage 10 change in relation to the reterence voltage (E )
creates an error signal which, by means of negative feedback and the ampiifier, tends to correct the output
voltage 1owards restoration of bridge balance.

A _o— NULL JUNCTION

REFERENCE

RESISTOR R, R VOLTAGE CONTROL

Yo

]b: BRIDGE CURRENT

COMPARISON

AMPLIFIER O
UNREGULATED
u
+ SOURCE

E*‘ 7 OUTPUT

REFERENCE VOLTAGE ~r 7”4 VOLTAGE
(EXTEANALLY ENERGIZED Eo
2ENER DIODE) PASS ELEMENT l
O

o
¥ COMMON  POINT +

F1G.3-4 KEPCO POWER SUPPLY AND COMPARISON BRIDGE CIRCUIT.
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EQUATIONS SHOWING THE OPERATION OF THE KEPCO BRIDGE

The followmyg relationships yovern the operation of the Kepco Bridge at batance; i.c., with Vaa' = 0
d £, - R, Where E( = Output voltage
£ = Reference volilage
- Rr = Reference resistance
= = 'y (2) Rye = Conirol resistance
r lb = Bridge current
E(_) = le\’(' (3)
b} The ratio of the nuiber of ohms control resistance needed per volt output is termed the CONTROL

RATIO. ttis nominally 1000 ohm/volt in the PAT power supplies.

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

Eo = R, X Rye
The ratio E; /Ry constitutes the bridge current, Ih (Eq. 2).
d) Therefore we can write. £g = Ip Ryc (Eq. 3).

Making I a precision quantity {precision bridge current adjustment is described in par. 3-11) establishes
a precise programming ralio so that the value of Eq is solely dependent upon Ryc. This mode of
operation is referred to as RESISTANCE PROGRAMMING and is covered in detail in paragraph 3 16.

el Rewriting equation (1), Eg = E; (Ryc/Ry}, we can make E, the variable which controls Eq. This type of
control is referred to as VOLTAGE PROGRAMMING and is covered in paragraph 3-28.
f) Many other modes of controt are, ol course, possible; some ol them are described in the following

paragraphs. For a more exlensive trealment and a delailed lheoretical view ol power supply
apphications, refer to various Kepco technical publications available froin your Kepco representative or
directly from Kepco Applications Engineering Departinent.

NOTE: For all programming and adjustment components, use high quality, wirewound resistors with a TC of

311
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20 ppm or betier

ADJUSTMENTS FOR EXACT PROGRAMMING RATIO

Referring to equation (3), E = Ip Ryc. itisseen that if Ip =1 mA, 1000 ohms of contro! resistance {Ryc) are
needed for each volt of output. Making I therefore g precision quantity, the accuracy and linearity of the
output voltage will then solely depend upon Ry

Again referring to equation (3), we see that if Ryc = 0 {shorled outl), the oulput vollage should be zero. A
small neyative oflset voltage (in the millivolt range) exists. however, under this condition at the output.

Both inaccuracies, the slightly larger bridge current {Ip) and the small negative offset voltage, may be adjusted
10 provide & linear and precise programming ralio.

PROCEDURE, PRECISION PROGRAMMING RATIO ADJUSTMENT (Refer to FIG. 35.)

a) Equipment required
1) Precision digital or ditferential voltmeter (M1).
2) Precision resistor, accuracy comparable to M1. The value is not important but must be known.
For every 1000 ohms, 1 volt will appear across M1 (Ryc)
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t2
; TBI

11
AC I_ ‘ PN
2@l 2]
{EXTERNAL) SsSissISsS\s =

H'\E\o— <ds
v
) ALTERNATE
swenaL | =3
YO AC INPUT GRO '@
)

SOURCE
= M <
SAFETY SIGNAL NOTES:
GROUND GROUND Ryc

5KN 1) The jumper links on TB1
must be securely connected
as shown in the figure.
2) Connect load and external
components as shown be-
fore applying a-c input.

FI1G. 3-5 CONNECTIONS FOR PRECISION PROGRAMMING ADJUSTMENTS.

3) Single pole, single throw switch [S1)
b) Connect calibration setup per FIG. 3-5, and connect the PAT power supply 10 the a-c power source.

c) With S1 “open”, and R,. = 5K ohms, approximately 5 volts will be read out on M1. Adjust bridge
current adjustment (R18) until exact/y 5 volts are read out on M1.

d) Close S1 and note deviation from zero on M1 (approximately 2 to 8 mV negative). Adjust zero
adjustment {B10) until exactly zero volts are read out on M1,

e) Open S1 and check the 5 volt reading. Repeat "C’ and "D’ as necessary to achieve the desired
accuracy FIG 3-6 below shows graphicallv how the programming ratio can be precision adjusted.

4 I, ADJ. (R16)

| Va

vC

.’ g I
4/// 1000 N/V |
yr |
ZEROS\. Eo I

ADJ. (R10)

FIG. 3-6 ESTABLISHING PROGRAMMING LINEARITY.

316 PROGRAMMING OUTPUT VOLTAGE WITH RESISTANCE

3-17 The output voltage of the PAT power supply can be varied by means of a control resistance, connected
between terminals {11) and (12} of the barrier-strip. This resistance may be fixed, continuously adjustable, or
stepped, or it may be a combination of these. When fixed resistors are switched as the voltage control
resistance, the switching device must have “'make before break’’ contacts in order that the control circuit does
not open during transfer. While the steady state current through R, . isonly 1 mA, it will rise 1o considerably
higher peak values when larger voltage steps are programmed. The programming resistors must absorb these
peak currents which consist of energy stored in the output capacitor. Consequently, it is recommended that
the dissipation rating of these programming resistors is made several times the steady state power dissipated in
them.
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The value of the output voltage is given by equation {1)

Er
SinceR— = 1p (2), it follows that Eg = Iy Ryc (3).

r
Referring to equation {3}, we see that since I is 1 mA in the PAT supplies (and can be precisely adjusted as

shown in par. 3-11), for every volt of output, 1000 ohms control resistance must be provided. This
corresponds to a “‘programming ratio’ of 1000 ohms per volts.

KEPCO PAT = NOTES:
POWER SUPPLY s ) w X 1} The jumper links on TB1
z 2§ 5 must be securely connected
3 e . e - e &z 8 =5 E' ﬁ as shown in the figure.
g z Z 5 2 z =%y 58 g_, gz > « 2) Connect load and external
= 5 © b 2 E 22z Y, 590 SE v uw Ryc 8s shown before ap-
2 w & 5 2 3 w o541 X3 >x ;& 0 W . ;
A S 3 Z 85 rzaz = S plying a-c input.
$ ¥ & I I * ¥ 3z —~— 88 %Z 4+ «
) 2 3 4 3 s 7 8 9 0 w12 13 14
aC - | 2y
ON-OFF @ I | @ @] @ @[ 781
(EXTERNAL) =& it 1t
~—o— <4
ALTE;/NATE ATTENTION!
/ g A FOLD—OUT DIAGRAM IS
70 AC INPUT 6RD. PROVIDED AT THE END OF
SOURCE LOAD RESISTOR SECTION 111 {(FIG. 3-16), RE-
= A4 DECADE LATING THE BARRIER-
saFETY SIGNAL Ryc -STRIP CONNECTIONS TO
GROUND THE CIRCUITRY OF THE
PAT POWER SUPPLY.
FI1G. 37 CONNECTION FOR RESISTANCE PROGRAMMING.
318 PROCEDURE (Refer to FIG. 3-7.)

319
320
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a) Determine value of programming resistor(s) for output voltage desired.

b) Using 2-wire, shielded cable, connect the chosen resistors to terminals (11) and {12). Connect the shield
to the system ground point,

c) The output voltage will vary from zero to {1 mA) X (Ryc) as Ry is adjusted from zero to its maximum
value.

CURRENT STABILIZED OPERATION

In the current stabilized operating mode, the voltage comparison bridge is interconnected with an external
current sensing resistor (Rg) and a current control (Rgc) as shown in FIG. 3-8 to maintain a constant voltage
drop across Rs. In this way, an adjustable stabilized load current is obtained. Characteristic of the stabilized
current supply is the ability to change its output voltage automatically in order to maintain a stabilized
current through a range of possible load resistances. The range of output voltage that the supply can deliver
and simultaneously maintain stabilized current is referred to as the COMPLIANCE VOLTAGE.

The current sensing resistor Rg is chosen to develop a 1 volt drop at the maximum desired current. It is
calculated by dividing this current into 1 volt. The value of Rg is not critical and can be the nearest standard
resistance available. Several facts should be kept in mind, however, when choosing Rg. A compromise must be
made between a large and a small value. While a large value is desirable for good current regulation, it is less so
in view of the power dissipated across it. It must be remembered that all the load current is flowing through
Rs and the input to the regulator 1s connected across it. It is therefore vital that all ex traneous changes across
Rs: i.e., resistance change due to temperature, are kept to a minimum. A high quatity, low TC (20 ppm)
resistor at least 10 times the actual wattage needed, is therefore strongly recommended.

The current control resistor is chosen on the basis of the control ratio of the Kepco comparison bridge, and
V¢, the maximum voltage across Rg. |f Rg was selected for 1 volt drop, then Vg= 1volt and R¢c = Vg times
the control ratio or

Ree = 1 volt (1000 ohms/volt) = 1000 ohms

A high quality, low TC (20 ppm) resistor is recommended for Rqc.
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323 PROCEDURE (Refer to FIG. 3-8}

The actual setup procedure for current regulation is perhaps best shown by a practical example. A Mocdiel
PAT 72-0.3 is to be set up for current stabilized output from 30 mA to 300 mA.

NOTES:
KEPCO PAT 5 1) The jumper links on TB1
POWER SUPPLY > _ must be securely connected
- ) - m s as shown in the figure.
- O
$ z& z g 5 2) Connect load and external
5 - E ez Y .5 @ Rec as shown before ap-
2 e 2 v =« 2 2w £ 8 2 22 % = plying a-c input.
r 2 % : & B zTz © Jdz= .
. > © = e 2 =z L= 00 = wu
o @ g T v 5 5 % - = S & W 2
w z - W x
T =z o ®w 9 o w» 8% 335 k= i> 5 =
9 § & T I * 1+ %z —~— 33 S «
1 2 3 4 S 6 7 L.} 9 10 [} 12 13 14
. Rl
oeld eelee] 2l
{EXTERNAL) T ¥ L —u— ATTENTION!
> ~~o—— Nvid Mo N A FOLD-OUT DIAGRAM IS
) actemmate | v 52 d . ¥ PROVIDED AT THE END OF
somL |15 ¥ 'D“ SECTION 11 (FIG. 3-16), RE-
Yo AC INPUT aRD. Rec LATING THE BARRIER-
SouRcE 4 LOAD OUTPUT -CURRENT .STRIP CONNECTIONS TO
S:E'" CONTROL THE CIRCUITRY OF THE
SIGNAL
R OuND At PAT POWER SUPPLY.
RS 3 CURRENY SENSING RESISTOR, 4 TEAM. NETWORK,
Rg 2 Vs /1o MAX. | Vg = 1 VOLY
F1G.3-8 CONNECTIONS FOR STABILIZED CURRENT OPERATION.
a) Rs is chosen by:
1 volt
Rg = = 3.33 ohms.
0.3A

Pdiss = Vs Imax_ = 1volt (0.3A) = 0.3 watts.

Three 10 ohm, 1 W, wirewound resistors connected in parallel will be satisfactory.

b) The control resistance Rqc is found by calculating its limits:
_ 1000 ohms
Ree (max.} = Vg {max.) X control ratio = 1V X —v— = 1000 ohm:s.
. ) 1000 ohms
Ree (min,) = Vg {min.) X control ratio = 0.1V X —-v—= 100 ohms.

As Rec is therefore varied from 100 ohms to 1000 ohms, the regulated current will vary from 30 to
300 mA, and the compliance voltage from approximately 0 to 71 volts.

c) Since, in the above example, the sensing voltage across Rg went below 1 volt at the low current output,
the current regulation may not be satisfactory for the purpose intended. {Specifications are based on
1 volt sample.) To keep output effects within specifications, we must calculate Rg under minimum
current conditions.

Vg min. =1 volt 1 volt
Rg =
Imin., = 0.03A 0.03A

= 33.3 ohms
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The actual power dissipation ul Rg s given by

Paiss = Vg (miax.) X 1o (max.) = 10V X 0.3A = 3walis
{Three 100 ohm, 10 W, wirewound resistors connecled in parallel will be satisfactory.)
Ree will now be
Roc (max.) = Vg (max.) X control ratio = 10V X 1000 ohm/V = 10 K ohms.
Ree (min)) = Vg (min.) X control ratio = 1V X 1000 ohm/V = 1 K ohm.

d) In general, a new value {or Rg should be calculated if the required output current range exceedsa 110
ratio. Below this range, performance will be adequate for most applications.

324 PROGRAMMING BY CONDUCTANCE

325 For special applications, the output voltage E o can be adjusted by varying the bridge current. The relationship
governing this type of programming is

‘I .
Eo = Er (Rye) (G), Where: G = R TR - Programming conductance, or,
r X
Eo= o (Ryc)
°% R, +Ry vC
Eo = Output voltage
Er = Reference voltage
Ryc = Control resistance
Ry = Reference resistance
Rx = Programming resistor
Since Er/Rr = Ip and Ep = IpRyc, the output voltage varies directly as Ip changes. Changing Ip with the help
of an additional resistor in series with Ry results in an inversely proportional change of I, since now:
Er
lp= ————
b= R, ¥ Ry
This method of output voltage adjustment is therefore referred to as Conductance Programming.

326 Conductance programming is a linear, but reciprocal function when analyzed in terms of resistance. It can,
however, be very useful, especially over a limited range and for small changes in output voltage. Another
distinct advantage of this type of programming i1s the “built-in” safety feature. Should the programming
circuit open accidentally, the programming resistance becomes infinite, the conductance is zero, and
consequently, the output voltage becomes zero.

KEPCO PAT
POWER SUPPLY - NOTES:
3 =g [ § 1) The jumper links on TB1
é w e " E % must be securely connected
3 ° o - 2 'éffj gg 2 :;:,‘i” e g as shown in the figure.
e 5 z 2 g o zz ©0° 53z - 2) Connect load and external
S 2 € z 5 5 557 K5 SeSE oy ow Rvc as shown before ap-
I 7z © § & 38 wgzgz X3 _.za> & L lying a-c input
) 2z o ~ §0 w4 wZ Sz Y . plying a-c input.
q 9 g T 1 r r az - WO 4 w o«
| 2 3 4 5 6 7 8 9 10 n 12 13 4
AC PSIPSIPS ﬁu]: ERAEN
ON—OFF D@D | | "@ % @| @ L__IL‘:L e
(EXTERNAL) = e it r
~——c <l | ATTENTIONL!
v Q ’-——ﬂ) A FOLD—OUT DIAGRAM iS
/ ALTERNATE PROVIDED AT THE END OF
oo wi SECTION 111 {FIG. 3-16), RE-
TO AC INPUT
SOuRCE 1 LOAD Ryc VOLTAGE LATING THE BARRIER-
= <7 CONTROL -STRIP CONNECTIONS TO
SAFETY SIGNAL (FIXED) {Ry) THE CIRCUITRY OF THE
GROUND GROUND PAT POWER SUPPLY

FIG. 3-9 CONNECTIONS FOR CONDUCTANCE PROGRAMMING.
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327 PROCEDURE (Refer to FIG. 3-9.)

Example Eg desired = 3 to 5 volts,

a) Select Ry¢ for maximum desired output voltage Eq.
Eo 5V
va = 3 va = =5 K ohms
1) 1 mA
b) A change of Eg to 3 volts requires a bridge current reduction of .
AEs  2volts
Alp = = = 0.4 mA
Rvc 5 K ohms
c} Since the standard bridge current is:
LA
Ip = —ﬁ? =1m

the additional resistance needed for the new bridge current I = 0.6 mA is:

Er 6VO“S
Ib'(Rr + Ry) =Ef, Ry =—— - Rror Ry =—————- 6 K = 4 K ohms.
lo 0.6 mA
A 4 K ohm, WW, low TC potentiometer connected in series with the internal Ry (see FIG, 3-9) will
change the output voltage from 3 to 5 volts when varied from O to 4 K ohms,

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

3-28 PROGRAMMING OUTPUT VOLTAGE WITH EXTERNAL VOLTAGE

329 The output voltage {Eg) of the PAT power supply can be varied by means of another external voltage source.
This external programming voltage supplies the control current (lp) formerly delivered by the internal
reference voltage of the PAT supply. The output voltage (Eg) “‘follows’” the programming source and
maintains a value that remains in a constant proportion to it. The relationship governing this type of
programming can be expressed by the equation:

Where: Eg = Output voltage to be programmed.

= Programming voltage (input).

Ryc = Voltage control resistance of the supply to be programmed.
{Ryc ¢an be either internally or externally connected.}

Ri = External programming resistor {coupling resistor}.

m
1

330 The values of the above quantities can be chosen to suit the particular application, although a few basic facts
must be considered concerning their selection. Eg is, of course, limited by the maximum capability of the
supply to be programmed. E; can be any variable unipolar source having parameters at least as good as the
desired Eg and being able to deliver the necessary lp. The resistors Rj and Ryc are selected by first
determining I, the desired bridge current.

Since lp is supplied by E; and also subtracts from the load current of the supply to be programmed, it should
be kept as low as possible but not under 100 uA.
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331 Onee Jp s selected and By os well as 1he desired output vollage Eq are known, Ry and R, are calculated by
these stimple relations
%0 1eq. 2) o= b (4) and o= = X (R
Rye = — . where |y = — {4) an = — ~
VG b g b R, 07 R; vel
Stabilily, more than accuracy is the dominant criteria for selecting Ry and Rj, since part of the resistance can
be made adjustable 10 compensate for tolerances and offset voltages. Another important consideration in
selecting control and programming resistors 1s 1o leave a wide safely margin when determining their wattage
raling and 1o usc unly low temperature coefficient units.
KEPCO PAT —~ N NOTES:
s 3 g‘ w .6_ 1) The jumper links on TB1
Z z¢g z 2 e must be securely connected
3 2 o » o 5 Fz g 3 8 & as shown in the figure.
q z ¥ v 5 =z Fw g9 & >z I %
., £ 3 F & & @ 23 32° 5Sz&%:5 o o 2} Connect load and external
e 2 € 3 5 :3; z I ';; gE SEowow Rvc as shown before ap-
| z 5 2 o o @2 ‘;o X3 *"5 % ; = "’L plying a-c input.
4d 9 a T 1 + & 4z ~A— S0 4 w «
1 2 3 4 5 [ 7 8 k] 10 n 12 i3 14
ON-OFF @ @:@ AT Lk @ ‘—-h:——’ 81
{EXTERNAL) = = ATTENTION!
K1:)— A FOLD-OUT DIAGRAM IS
PROVIDED AT THE END OF
/ SECTION 1} (FIG. 3-16), RE-
70 AC INPUT LATING THE BARRIER-
SOURCE = [omn ] <& STRIP CONNECTIONS TO
SAFETY SIGNAL I THE CIiRCUITRY OF THE
GROUND GROUND PAT POWER SUPPLY.
FIG. 3-10 CONNECTIONS FOR VOLTAGE PROGRAMMING.
332 PROCEDURE (Refer to FIG. 3-10.)
al Connect components as shown in FIG. 3-10. Disconnec! link between terminals (13) and {14) on lhe

333
334

335

barrier-strip. Use shielded wire as indicated and conneci shield 1o single system ground.
b) Component selec tion may be shown best in the form of an example
Example.
A Model PAT 40—0.5 is to be programmed from 0 1o 30V.
The programming source available is a variable 10 volt source, capable of delivering 5 mA.
The bridge current (Ip) is selected 1o be 5 mA.
We find Ry and R; by using equations (3) and {4).
E, 30V Ej 10V

(3) Ryc = —= = 6K MR =— = =2k
b 5mA b 5mA

30V {0.005) = 0.1 W (use 1 W)
10V {0.005) = 0.05 W (use 0.5 W).

Power dissipated in Ryc

Power dissipated in R;

SERIES OPERATION OF PAT MODULES

GENERAL. Kepco PAT Modules can be series-connected for increased voltage oulput, provided the specified
limvits on voltage 1o chassis are not exceeded. When series-connected, the supplies should be protected by
means of a semiconductor diode across the output terminals of each power supply, as shown in FIG. 3-11
The peak mverse rating o! these diodes must be at least as large as the output voltage of the supply to which
they are connected. The continuous current rating of the diodes should be at least as great as the largest
short-circuit current of the interconnected supplies.

PROCEDURE

al Connect toad as shown in FIG 3-11. Keep voltage drop in load wires as low as practical by using heavy
gauge wires,

b) Connect protective diodes across respective output lerminals.

c) Remove jumpers as shown and connect error-sensing leads. Refer 10 par 3-4 for a description of the

error sensing lechnigue

d) Turn supphes “on’ and adjus! vollage on either control as required.
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PAT PAT

POWER SUPPLY # 1 POWER SUPPLY # 2
1 2 3 4 5 6 T |— 1 2 3 4 S 6 T
[ eI s = PN = Bk = d%
ac | o .@':‘f h T8I T@_.'ﬁ' " e
ON-OFF ISR AL Ty = b
(EXTERNAL) - o T 1 T
- \_V__J -
\— + TO TB1-SUPPLY #1 +
/
TO AC INPUT
SOURCE L
= -1+
SAFETY LOAD
GROUND _/T——I\

v
4
ALTERNATE ST 7 &IGNAL

SIGNAL GRD. GROUND
FIG. 3-11 SERIES CONNECTION OF PAT SUPPLIES.

3-36 PARALLEL OPERATION OF PAT MODULES

337 Two identical PAT power supplies may be operated in parallel for increased load-current output. Each supply
is set approximately to the desired output voltage, with its respective current limiting adjustment at the
factory-adjusted value (105% |g max.). After paralleling the two power supplies, one of them (supply #1) will
inherently be at a slightly higher output voltage than the other {supply #2). Consequently, supply #1 will
deliver all the load current up the setting of its current limiting adjustment. As the load is increased beyond
this limit of supply #1, supply #2 takes over and delivers the additional current. The current limiting
adjustment of supply #1 can now be decreased so that approximately equal current sharing is obtained.
FIG. 3-12 shows in form of a diagram how the two supplies operate in parallel with their respective current
adjustments at the factory-adjusted value (105% | max_ ). It will be obvious from the diagram that the areas
of load regulation are within the output current bands of the individual supplies only. Therefore, output
effects due to load changes cannot be measured from zero to twice the load current, for example, but only
within the individual load current bands. Error sensing as described in paragraph 3-4 {from either supply) may
be used if precise regulation at the load is required.

NOTE: When paralleling power supplies, care should be exercised to avoid turning the voltage control of only one
supply close to zero. This precaution is necessary to prevent possibly damaging currents in the voltage
control resistor as its limiting resistance is lowered.

= d
2 o
z
[ [
=g g
W oa : a
£3 3
MAX. RATED 3 - MAX, RATED 3 .-
L‘— OUTPUT CURRENT BAND « 5 QUTPUT CURRENT DAND « 5
SUPPLY NO.I w o SUPPLY NO. 2 w o
> W > W
ox o«
A |

[ DIFFERENCE VOLTAGE

BETWEEN SUPPLY NO.)

OUTPUT VOLTAGE, SUPPLY NO.)
AND SUPPLY XD.2

OUTPUT VOLTAGE, SUPPLY NO.2

CURRENT LIMIT SUPPLY NO.2

OUTPUT VOLTAGE

CURRENT LIMIT, SUPPLY NO.I

)
|
|
|
!
|
i
|
|
|
[
I
[
[

OUTPUT CURRENT, 1o ————»

FIG. 3-12 PARALLEL OPERATION, PAT SUPPLIES.
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338 PROCEDURE (Reler 10 FIG, 313)

FIG.3-13 PARALLEL CONNECTION, PAT SUPPLIES. i

d) Connect umits as shown in FIG 3-13. Open SW-1 and SW-2 and connect 10 line
b) Close SW-1 and adjust both units 10 the approximale outpui voltage desired.
<) Clos SW-2. Observe load current meters M1 ard M2. Adjust Current Limit Adjust potentiomeier R23

on the unst showing the higher current on its 1oad current meter Tura R23 counterclockwise until
currents on M1 and M2 are approxsmately equal

SUPPLY #1
L 1 2 3 0 1 a2 13 4
AC A ]

ON~OFF 2|2 22| 2|2 |@]]2]-,
(EXTERWAL) — : 1
\Q_ L 4 +
S v [ —+¢))

] ALTERNATY] I T

SIGNAL ]
TO AC NPUT GRD, KAA
SOURCE == Ryc

SAFETY EXT. OUTPUY

GROUND VOLTAGE CONTROL
SUPPLY ¢ 2
1 2| \3 5 10 1 1z a3 14

7 _QH' e |l@ @@g\m

RVC,

EXT. QUTPUTY
VOLYTAGE CONTROL

339 VOLTAGE PROGRAMMING WITH NONINVERTING INPUT

340 A useful property of a noninverting amplifier is the large input impedance developed by negative feedback.

341

Noninverting tnput programming may therefore be used for applications where the source impedance is high
and large control currents cannot be drawn from the programming source. Since the high input impedance of
the noninverting configuration does not depend upon the magnitude of the feedback components, the latter
may be selected quite low in a region of values where high quality, stable components are readily available.
Their lower limit is, in fact, only given by the output capability of the operational power supply/amplifier.
The common mode voltage limit must be observed for the amplifier used in the PAT power supplies (typically
8 volts) since excessive input voltages will saturate the amplifier. The approximate transfer function for
noninverting operation may be expressed by:

R
E0=Ei(R:/c + ])

For exact equations, limitations and compensation circuits, please refer to the standard literature for
operational amplifiers. A simple example illusirating the use of the noninverting input is given befow,

A Model PAT 40-0.5 is available to produce a 2:1 replica of a -5V reference source. Referring to the transfer
function given above, we must have: Eq =2 Ej; i.e.. the ratio Ry¢c/Rj must equal unily or Ryc = Rj. If two
1 K ohm wirewound resistors are available, the output current loss of the PAT power supply due to the
feedback current is negligible:

Eo o

| = = =
feedback = RS R T kK o

No appreciable current is drawn from he reference source (except leakage current in the nanoampere range),
but fult load current {500—5 mA) can be drawn irom the PAT 40-0.5 at twice the reference potential
(2 X5V =10V).

An operational simplified schematic and the appropriate rear barrier-strip connec tions are shown in FIG. 3 14.
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KEPCO PAT
POWER SUPPLY

NOTES:

1) The jumper links on TB1
must be securely connected
as shown in the figure.

2} Connect toad and external

AMPL. INPUT (NULL JCT)

— o g 8
o L
2 ozz o = 2
= z O - w
i g 25 5 23285 g5 = g s « Ruc 8s shown before sp-
£ 3 @ & & » z3 3P 3azi u g i i
— s z - = g =z > O -y plying a-c input.
2 8 83 3 §g; g1 JESEE ¢
| ! — - - X >
¢ Y ¢ 11 3 % IT A kg3z .l g
) 2 3 4 E) ) k4 ] ] 10 n 12 13 4
ac r‘ ﬁﬂr —= Jﬁ 7T~
. ] ]
ON-OFF @ 2| I@_ 2) Q| @ ¢ Q 12 81
(EXTERNAL) — Ak = —
T~ o—— WA ATTENTIONI
)i +ov~ ve A FOLD—OUT DIAGRAM IS
- 800 A PROVIDED AT THE END OF
ToAC mPUT 5 SECTION I} (FIG. 3-16), RE-
30URCE - Lo
= : LATING THE BARRIER-
sarery L STRIP CONNECTIONS TO
ROUND R THE CIRCUITRY OF THE

PAT POWER SUPPLY.
SIGNAL
SAOUND

F1G. 3-14 CONNECTIONS FOR VOLTAGE PROGRAMMING WITH NONINVERTING INPUT,

3-43 REMOTE CURRENT LIMITING

3-44 Barrier-strip terminals with a removable link [terminals (9)~(10)] have been provided on all PAT models,
permitting the disabling of the internal limiting potentiometer and the connection of a remotely located,
external control. Remote current limiting may be performed by substituting the internal component values
and connecting them as shown in FIG. 3-15 below.

NOTES:
KEPCO PAT _ 1)Thonj;empef Iinwks on T:;
o mu securely connec
POWER SUPPLY S - as shown in the figure.
5,2 5 T g 2} Connect load and external
.z_ :.&_’ - 2 g g Rvc 8s shown before ap-
2 o ¢ - = 2 ::;‘5 g z g 55 é w plying a-c input.
E 2 £ 2 2 58z 235 54825 ¢
= > z = £ X 5 e Q8 TR Y w
g ¢ & w 3 3 & Jz =T TE Py £ =
I ¢ ¢ - = 3 3 3e &3 Y23z oo
g & @ T 12 * ¢ 3%+~ XB83RE 4 «
1 2 3 4 5 [ 7 ] 1 10 1 12 3 4
ac > =
ON-OFF @ @ | ” 12 @'é?j @ I Q)|
(EXTERKAL) _i._u = ATTENTION!
’ o 7 ‘ /,1 T A FOLD—OUT DIAGRAM IS
In ALTERNATE N i g PROVIDED AT THE END OF
) piva . SECTION 11l (FIG. 3-16), RE-
D AC INPUT ' [oan ] AN LATING THE BARRIER-
SOURCE -+ < Ryc STRIP CONNECTIONS TO
SAFETY SIGNAL ) 10K THE CIRCUITRY OF THE
GROUND AROUND W———MA— PAT POWER SUPPLY.

1.8x-~
EXT, 1o LIMIT CONTROL

F1G. 3-15 CONNECTIONS FOR REMOTE CURRENT LiMIT CONTROL.
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LOAD

!

!

SERIES - I
REGULATOR

l

!

| PAT

e ¢ m— . e E—— e . G S S AEUS ¢ GWED ¢ UED ¢ ¢ — - WD S R . A o — —

NOTES:

1) Numbers refer to the barrier-strip terminais on TBI1.

2) Diagram shows PAT connected for standard operation without sensing at the load
and the output controlied by external resistor {Ryc).

3) Remove jumper links (4-5) and (6-7) for remote sensing.

FIG. 3-16 SIMPLIFIED CONNECTION DIAGRAM, KEPCO PAT MODELS.
{USE IN CONJUNCTION WITH BARRIER-STRIP DIAGRAMS IN SECTION 111.)
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SECTION IV — THEORY OF OPERATION

(References in CAPITAL LETTERS refer 10 the nomenclature used in FIG. 4-1))

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

The POWER TRANSFORMER converts the a-c source voltage 10 the required levels needed to produce the
d-c operating voltages for the MAIN and AUXILIARY SUPPLIES. The MAIN POWER SUPPLY is in series
with the PASS ELEMENTS and the CURRENT SENSING RESISTOR and produces the output voltage. The
MAIN PASS ELEMENTS are controlling their series voltage drop in a way tending to keep the QUTPUT
VOLTAGE constant. The necessary drive for this change is produced by the DRIVER CIRCUIT which in turn
receives its command signals either from the CURRENT LIMIT AMPLIFIER or the ERROR SIGNAL
AMPLIFIER.

The QUTPUT VOLTAGE is constantly compared to the REFERENCE SOURCE while the output current is
monitored by the CURRENT SENSING RESISTOR. Any change in either output voltage or current is
amplified by the associated amplifier and transferred to the GATE DIODES which feed directly into the
DRIVER CIRCUIT which produces the needed drive signal for the MAIN PASS ELEMENTS thus either
stabilizing the OUTPUT VOLTAGE, or, if the signal from the CURRENT LIMIT AMPLIFIER is dominant,
limiting the output current to the preadjusted value.

VOLTAGE CONTROL

ERROR SIGNAL
T0 POWER SOURCE AMPLIFIED Ry RESISTANCE (Ryc)
(EXTERNAL)
REFRENCE
RESISTOR
—
POWER
TRANSFORMER REFRENCE SOURCE
7\(ZENER VOLTAGE)
| AMPLIFIER —» E,
POWER GATE DIODES
SUPPLY AND
AUXILLIARY - KEPCO
VOLTAGES — MW COMPARISON
—» BRIDGE
MAIN ' >
POWER SUPPLY 3
ORI CURRENT CURRENT
CIRCUIT LIMIT LIMIT
AMPLIFIER ADJUSTMENT
MAIN
PASS ELEMENTS
—t=Q) (+)
CURRENT SENSING
RESISTOR (Ry) Co
INPUT OuTPUT OUTPUT
I CAPACITOR CAPACITOR VOLTAGE Eo
O (-)

F1G. 41 SIMPLIFIED DIAGRAM, PAT POWER SUPPLIES.

CIRCUIT DESCRIPTION (Refer to Main Schematic, FIG. 6-1.)

For the purpose of analysis, the circuitry of the PAT power supply may be divided into several sections which

are subsequently described below. Refer to the main schematic diagram, F1G. 6-3.

al A-C INPUT CIRCUIT. A-C input power is introduced through rear barrier-strip 175 «, terminals (1) and
(2). Terminal {3} is connected to the chassis and should always be returned 10 a-c ground. The fuse {F 1)
protects the primary of the power tiransformer {T201) from excessive current. T201 has two primary
windings which are connected either in parallel (for 115V a-c service) or in series (for 230V a-c service).

4-1



b)

c)

d)

e}

f)

h)
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MAIN D-C POWER SUPPLY. The main d-c power is derived from a secondary winding on T201.
Rectification and capacitive filtering are performed with silicon dicdes CR15 through CR18 and C201.
The main d-c power supply delivers the output current and the operating voltages for the series pass
elements.

PASS ELEMENT C!RCUITRY. The pass element (or series control transistor, Q201 - Q202} is
connected in series with the plus (+) output terminal, the external load, and the unregulated raw d-c
voltage from the main power supply. By changing the conductance of the pass element, the voltage
drop across it is changed in such a way as to stabilize the output voltage acrcss the external load. The
base drive current needed to effect the pass element voltage drop is supplied by the driver stage {Q4)
which in turn is driven by either the error signal amplifier (Ay) or the current limit amplifier {Q2, Q3).
PAT power supplies above 0.5A output current have twa pass transistors in parallel {Q201 and Q202).
THE ERROR SIGNAL AMPLIFIER {Ay). This device is a d-c coupled, high-gain operational amplifier
{plug-in). Its main function is to amplify the error signal derived from the comparison bridge to a level
suitable to pass the gate circuit and drive Q4. |ts inputs are brought out at the rear barrier-strip for
programming the power supply output with input signals of either polarity.

THE COMPARISON BRIDGE. This 4-arm electrical bridge circuit is the regulating and controlling
element in many Kepco Power Supplies. In the PAT models it consists of the reference voltage E,
(CR8), the reference resistor Ry (R15 and the optional bridge current adjustment rheostat R 16}, the
voltage control resistance Ry [either the optional internal control R13 or the resistor externally
applied between terminals {11)—(12) on TB1], and the output voltage Eg. As shown in FIG. 4-1, the
internal reference voltage Er in series with the reference resistance Ry is continuously compared with
the output voltage Eg in series with the voltage control resistance Ryc. At balance (Eaa’'=0), a
constant bridge current I flows through the bridge, keeping the error signal at bridge terminals A—A’
at approximately zero volts. Any deviation in Eg caused by ac source, load variations, or other
influences will tend to change Ip in the bridge circuit and thereby produce an error signal at the bridge
terminals A—A". This error signal is then amplified by the error signal amplifier A, and acts as a control
signal for the series regulator or pass element changing the voltage drop across it in such a way as to
restore the previous output voltage level.

THE CURRENT LIMIT CIRCUIT. The differential inputs of the current limit amplifier (Q2, Q3) are
connected to the current sensing resistor Rg (R26) and to a reference voltage. The voltage drop across
Rs (due to load current flow) is continously compared to the preset voltage at the current limit control
(R19}. As long as the voltage developed across Rg is less than the preset voltage level at R19, the current
amplifier will be biased to its inactive state and will have no effect on the output. Both the current limit
amplifier and error signal amplifier (Ay) are coupled through their respective gate diodes (CR9, CR10)
to the driver transistor (Q4). The amplifier with the larger (negative) output will control the pass
elements while the other amplifier is decoupled. Since the voltage drop across the sensing resistor (R26)
is proportional to the output current, and the current limit control {R19) may be set to a voltage
proportional to the desired output current, the current amplifier is inactive as long as the output
current does not exceed the preset level. |f the output current does increase, however, the current
amplifier will produce an cutput signal more negative than Ay, thereby taking control away from the
voitage amplifier Ay and limiting the output current sharply in the process.

AUXILIARY SUPPLIES

AMPLIFIER POWER SUPPLY. This full-wave, capacitor-filtered source consists of a center-tapped
winding on T201, silicon rectifiers CR1, CR2, and the filter capacitor C1. A current regulator stage
(Q1) followed by a string of zener diodes (CR4, CR5, CR6, CR7) provides the operating voltages for
the amplifiers and the comparison bridge circuit.

DRIVER COLLECTOR SUPPLY. A half-wave, capacitor-filtered supply is derived from a winding on
T201, rectified by silicon dicde CR13 and filtered by C6. it delivers cotlector voltage to the driver
transistor (Q4)., R17 is a bleeder resistor, and CR14 is used to prevent latch-up under transient
conditions.

lcbo SUPPLY. The operating voltages for the Ighg circuitry are derived from the main power supply.
Q5 is biased by the voltage drop across the series diodes (CR19, CR20) in such a way as to draw a
relatively constant current, thus providing a current sink for the Icpho of the pass elements, This ensures
positive cutoff. especially at high operating temperatures.
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SECTION V — MAINTENANCE

GENERAL

This section covers maintenance procedures, calibration, and test measurements of the Kepco Model PAT
Power Supplies. Conservative rating of components and the noncongested layout should keep maintenance
problems to a minimum. If trouble does develop, however, the removabie wrap-around cover and the plug-in
feature of the circuit boards provide exceptional accessibility to all components of the supply.

DISASSEMBLY (Refer to FIG. 5-1.)

The wrap-around cover may be easily removed by loosening the (5) holding screws (2 on each side and one on
top). For component replacement, the printed circuit board assembly may be removed by loosening its {4)
mounting screws and disconnecting the (2) mating connectors from the PCB assembly.

INTERNAL ADJUSTMENT PROCEDURES

CURRENT LIMITING CONTROL ADJUSTMENT ({Refer to FIG. 5-2) A single-turn potentiometer (R19)
conveniently located on the topside of the printed circuit board serves as an adjustrment for limiting the
output current through the range of 5% to 105% of its maximum rated value. It is factory-adjusted for
approximately 5% above the maximum rated output current and has to be reset only if a component should
have to be replaced or if a lower limit than the preset value is desired.

A convenient way to make the adjustment is as follows:

a) Set up supply to draw the maximum desired output current and monitor the output with an
oscilloscope having a vertical sensitivity of at least 0.1 mV/cm.

b) If the desired current cannot be drawn, turn the current limit adjustment R 19 slowly clockwise until
the current, as read on an accurate ampere meter in series with the load, reaches the desired value.
Continue the clockwise adjustment approximately 10° beyond this point.

c) Observe ripple. Decrease the current limiting by slowing rotating R19 counterclockwise until output
ripple increases substantially. Back off on R19 until output ripple appears normal again. Short circuit
the power supply by connecting the d-c ampere meter across its output terminals. The short-circuit
current will be approximately 5% of the maximum rated current above the set limit.

NOTE: A too-close setting of the current limit adjustment may result in premature limiting of the output current. It

MATING
PLUGS

is therefore advisable to let the unit reach thermal equilibrium at its expected ambient temperature
environment before the final adjustment is made.

COVER HOLDING SCREWS
(5 PIECES)

PCB HOLDING SCREWS
(4 PIECES)

FIG. 51 DISASSEMBLY, PAT GROUP
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5-7 INSTALLATION AND ADJUSTMENT OF THE (OPTIONAL) VOLTAGE CONTROL RHEOSTAT (R, }):

REFER TO FIG. 5-2.

NOTE: Models which have this control factory-installed bear a 5 digit number following their model designation

(e.g., "Model PAT 7—-2-20000""). The installation notes may be disregarded with these units.

a) Refer to FIG. 5-2. The voltage control resistance { R, . } may be installed internally in the space on the

printed circuit board as shown.

b) The value choice of the voltage control resistance will depend on the application. For each 1000 ohms,
1 volt will be produced. Good quality metal film potentionmeters should be selected. Refer 10

Amphenol Series 2600P or Bourns 3009P miniature trim potentiometers.

c) After installation of the desired component, the power supply is adjusted to the choosen output voltage

by varying R13 {and/or R16) and monitoring the output with a precision voltmeter.

PAT-PCB (A))

S —

—

( SIMPLIFIED)
)
1o LIMIT ADJ
(R19)
10 1 12 13 14
—

Q)|

A ITY)

o

.
I
]
|o
L}
|

oj|a0O

Rl
Eio Eo Ib
NULL ADJ ADJ
(R 10} (R13) (R18)

SPACE FOR R13 (R,)
(OPTIONAL INTERNAL VOLTAGE
CONTROL)

FIG.5-2 INSTALLATION OF OPTIONAL CONTROLS.
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5-10

5-12

5-13
5-14

TROUBLE SHOOTING

Modern, high performance power supplies have reached a state of sophistication that requires thorouglh
understanding of the problems involved in repairing complex, solid-state circuitry Servicing beyond simple
parts replacements should consequently be attempted only by personnel thoroughly familiar with solid-stat.
component techniques and with experience in closed-loop circuitry.

Trouble shooting charts showing resistance and voltage readings are of very limited usefulness with feedback
amplifiers and are not included here. Instead, a detailed circuit description ( Section V), parts location
diagrams, simplified functional schematics, and a main schematic with all significant voltage reading ae

" presented.

The following basic steps in a case of power supply malfunctioning may also be found useful

13
a) If power supply does not function at all, check all power source connections and make certain powes
supply is connected to the correct source voltage. It is normally delivered for 115V a-c operation

b) If supply is used as an operational amplifier with external feedback componets, disconnect all external
components and reconnect internal reference and the voltage control. The following paragraphs refer (o
the instrument as a power supply, rather than an amplifier in order to simplify test setups and
measurements.

c) If the power supply is basically functioning, but poor performance is evident, inspect the test setup to

make certain the source of the trouble is not external.

d) Excessive output variations in any of the operating modes are usually traceable to incorrectly connecied
loads or faulty measurement techniques. Perform measurements are described in paragraph 5-13 and
follow the connecting diagram.

e) Oscillation of the output voltage or output current is often due to a load with a large inductive
component. Twisted load wires of sufficient diameter and held as short as practical are often the
solution to the problem.

Kepco Field Engineering Offices or the Kepco Repair Department will be available for consulation or direct

help in difficult service or application problems.

POWER SUPPLY MEASUREMENTS

Measurement of the significant parameters of a power supply 1s a requirement for incoming nsoection,
periodic maintenance, or after component replacement Since the measurements require special lechiiques Lo
insure correct results, suggestions for their performance are given below:

a) Required Instrumentation.

1) Constant a-c source voltage with provisions for "'stepping’’ the voltage over a speclied region
( 105—125V), a variable autotransformer is generally adequate if it is rated to deliver tie input
current of the unit under test.

2) Resistive load, variable, with ON/OFF and shorting switch and capable ol dissipating e full
output power of the unit under test.

3) D-C voltage monitor, differential voltmeter or power supply analyzer

4) Current sensing resistor for measurements of output effects in the current mode, -l
device.

5) A-C ripple monitor, sensitivity better than 1 mV. Ballantine Model 302C o Hewletl Packard
Model 400H.

6) Optional* Oscilloscope, vertical sensitivity better than 0.1 mV/cm.

PAT/07-1080 f.3
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b)

c)

D

The 4-terminal network is an essential device for precise measurement of requlation [t can be
approximated by the method shown in FI1G. 5-4.

FIG. 5-3 shows the proper location of instrument leads when measuring output effects. The principle
governing this method of measurement is simply not to measure any voltage drops due to Joad current
flow. This can only be avoided by measuring output effects either directly at the sensing leads or by the
use of the 4-terminal network.

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

% Output Effect = AE /E, X 100%

Qutput effects due to source or load variations in the current mode are defined as the amount of outpu?
current change resulting from a specified change in source voltage or from a change in load resistance.
The output effects can be expressed as an absolute change { Al ) or as a percentage in reference to the
total outout current I,

% Output Effect = Al /I; X 100%, where Ay = Vem/Bu

Ripple:  BMS ripple may be monitored on a true RMS reading instrument connected parallel to the
instrument measuring the output effects Careful wire dressing and shielding. as well as good a-c
grounding, are of the utmost importance if valid measurements are being expected. An oscilloscope may
also be used for p-p reading of the oscilloscope if the reading is divided by three.

PAT/07-1080
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MEASURING OUTPUT EFFECTS

A) OUTPUT EFFECT MEASUREMENT (VOLTAGE) WITHOUT ERROR SENSING AT THE LOAD,
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— IN THE VOLTAGE MODE r )
)
7 : LOAD i
. |
PAT L) " )
POWE R SUPPLY ) !
UNDER TEST |~ ) X
Y (
]
4 | {
) }
A/ ) I
Cm o
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B) OUTPUT EFFECT MEASUREMENT (VOLTAGE) WITH ERROR SENSING AT THE LOAD.
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*Rgand R shoutd be selacted such that their wattage rating 15 at Jeast 10 times the actual power dissipated.

All output effects depend on the stability of Rg and Rps. Recommended T.C. is 20 ppm. In addition,

Rgand Rpy must be of the "'four terminal network'' ty pe.

FIG. 53 POWER SUPPLY MEASUREMENTS, CONNECTING METHODS,

PAT BARRIER STRIP
3 Li 5 6 7 8

SISINISIYS)

-+
LOAD

OUTPUT EFFECTS
MEASURING
METER

FIG. 54 APPROXIMATION OF A 4 TERMINAL NETWORK.
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SECTION VI—ELECTRICAL PARTS LIST AND DIAGRAMS

GENERAL

This section contains the main schematic, the parts location diagrams, and a list of all replaceable
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.

ORDERING INFORMATION

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

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

Specity the following information for each part:

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

c) Circuit reference designator.

d) Description.

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

2)
3)
4

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:

Aeplacement of a complete subassembly is a comparatively rare necessitly.

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

All active componels are socket mounted, making replacement extremely easy.

The nature of a closed-loop power supply system requires that subassemblx replacement is followed by careful measure-
ment of the total power supply perfarmance. In addition, depending on the function of 1he subassembly, exiensive align-
ment may be required to restore power supply performance 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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A) Reference

A
B
C
CcB
CR
DS
F

FX
IC
J =
K

ABBREVIATIONS USED IN KEPCO PARTS LISTS

Designators:

Assembly

Blower (Fan)
Capacitor

Circuit Breaker
Diode

Device, Signaling (Lamp)
Fuse

Fuse Holder
integrated Circuit
Jack

Relay

B) Descriptive Abbreviations

A =
a-c
AMP
AX
CAP
CER
CT

°C
d-c
DPDT
DPST
ELECT =

]

Ii

1

il

FILM
FLAM =
FP
°F
FXD
Ge

1

fl

I
i

Hz
IC

L3 X
I A R

MFR

Ampere

Alternating Current
Amplifier

AxJal

Capacitor

Ceramic

Center-Tap

Degree Centigrade

Direct Current

Double Pole, Double Throw
Doubie Pole, Single Throw
Electrolytic

= Farad

Polyester Film
Flammable
Flame-Proof
Degree Fahrenheit
Fixed

Germanium

Henry

Hertz

Integrated Circuit
Kilo (103)

= Milli (103)

Mega (106)
Manufacturer

Ilo_'uggr-

X<d-4dw
s}

MET
n

NC
NO

p

PC
POT
PIV
p-p
ppm
PWR
RAD
RECT
RECY
REG
RES
RMS
Si
S-End
SPDT
SPST
Stud Mt
TAN
TSTR
I

\Y

w
Www

H

o

Inductor
Light-Coupled Device
Meter

= Plug

Transistor
Resistor
Switch

= Transformer

i

u

Terminal Block
Vacuum Tube
Socket

Metal

Nano (109)
Normally Closed
Normally Open
Pico (10-12)

= Printed Circuit

I

I

fl

1}

il

Potentiometer

Peak Inverse Voltage
Peak to Peak

Parts Per Million
Power

Radial

Rectifier

Recovery

Regulated

Resistor

Root Mean Square ~
Silicon

Single Ended

Single Pole, Double Throw
Single Pole, Single Throw
Stud Mounted
Tantalum

Transistor

Micro (x) (105)

Volt

Watt

Wire Wound



KEF‘CD@REPLACEMENT PARTS LIST

Code 09-0380

PAT GROUP CIRCUIT BOARD ASSEMBLY (A1) COMMON PARTS LIST
REFERENCE MFRS. NAME & PART NO. KEPCO REC. SPARE
DESIGNATION ary. DESCRIPTION SEE BOTTOM NOTE PARTNO. | PARTOQTY.

A, 1 integrated Circuit Amplifier Kepco inc. 250-0025 1
8 Pin Dip { 741 Type ) 250-0025

C1 1 Cap., Elect., Axial Leads Sprague 117-0646 1
75uF, +75, -10%, 50V Type 30D

C2 1 Cap., Mylar, Axial Leads Wesco 117-0588 1
0.0047uF, 20%, 200V Type 32M

C4 1 Cap., Mylar, Axial Leads TRW 117-0236 1
0.2uF, 10%, 200V Type X663F

C6 1 Cap., Elect., Axial Leads Sprague 117-0647 1
290uF, +75, -10%, 12V Type 30D

C7.10 2 Cap., Elect., Axial Leads General Electric 117-0512 1
150uF, +75, -10%, 3V Type 76F

C9 1 Cap., Mylar, Axial Leads TRW 117-0316 1
0 1uF, 20%, 600V Type X663F

C1 1 Cap., Ceramic, Disc RMC 117-0061 1
0.005uF, 10%, 00OV Type SM

CR3,4,5, 5 Zener Diode, Axial Leads Transitron 121-0028 1

6,7 6.5V, 5%, 250mw IN763-1

CR8 1 Zener Diode, Axial Leads International Rectifier Corp. 121-0041 1
{Ref) 59 to 6.5V, 400mWV TN821

CR22.,23 2 Rectifier, Silicon, Axial Leads Semicon Corp. 124-0178 1
100V {PI1V), BuA @ 0.5VF max. Type HVP

F1 1 Fuse, Fast Acting Bussman 141-0072 5
1.0 Amp Type AGX-1

Q1 1 Transistor, Si, NPN Motorola 119-0059 1
Small Power, TO-5 2N3053

Q23 2 Transistor, Si, NPN, Plastic Texas Instrurnents 119-0093 1
Small Signal, TO-18 2N5450

R2 1 Resistor, Fixed, M. G. TRW 115-2012 1
82K ohm, 5%, 1/4wW Type RG-1/4

R3 1 Resistor, Fixed, Molded Allen Bradiey 115-0808 1
3.9K ohm, 5%, 1/2W EB3925

RS 1 Resistor, Fixed, Precision, M.F. Dale 115-2259 1
750 ohm, 1%, 1/4W Type MFF-1/4

R6 1 Resistor, Fixed, Molded TRW 115-2237 1
47K ohm, 10%, 1/4W Type GBT-1/4

R7 1 Resistor, Fixed, M. G. TRW 115-2258 1
6.2K ohm, 5%, 1/4wW Type GBT-1/4

R8 1 Resistor, Fixed, Molded TRwW 115-2211 1
10K ohm, 10%, 1/4W Type GBT-1/4

R9 1 Res., Fixed, Molded TRW 115-0543 1
150 ohm, 10%, 1/4W Type GBT-1/4

R10 1 Resistor, Variable, Cermet Bourns 115-2481 1
10K ohm, 10%, 3/4W Type 3009P

NOTE: REPLACEMENTY 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
LEASY ONE SOURCE FOR THATY ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EOUIPMENT OWNERS N OBTAINING
REPLACEMENT PARTS LOCALLY.WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC.
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I(EF'I::I:I0 REPLACEMENT PARTS LIST

Code 09-0380
PAT GROUP CIRCUIT BOARD ASSEMBLY (A1) COMMON PARTS LIST

S | o s | | ey
R11 1 Resistor, Fixed, Molded TRW 115-2229 ]
1.5K ohm, 10%, 1/4W Type GBT-1/4
R12,17 2 Resistor, Fixed, Molded TRW 115-2210 1
560 ohm, 10%, 1/4W Type GBT-1/4
R15 1 Resistor, Fixed, Precision, WW Tepro 115-1301 1
5.7K ohm, 1%, 1W Type TS-1W

R16 1 Resistor, Variable, WW Bourns 115-2264 1
1K ohm, 10%, 1W Type 3007P

R18 1 Resistor, Fixed, Precision, M.F. Dale 115-2174 1
10K ohm, 1%, 1/4W Type MFF-1/4

R19 1 Resistor, Variable, Composition C.T.S. 115-1939 1
1.5K ohm, 30%, 1/8W Type X201

R28 1 Resistor, Fixed, Molded TRW 115-2230 1
10 ohm, 10%, 1/4W Type GBT-1/4

MISCELLANEOUS PARTS :

NA 1 Barrier Strip 167-0469

NA 1 Cabinet Cover 129-0130

F1 1 Fuse for 230V operation 141-0070

J201 1 PC Mating Connector 143-0215

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 L3STS REPRESENTS AT
LEAST QNE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EOUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC.
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KEPBD,REPLACEMENT PARTS LIST

Code 09-0380
MODEL PAT 7-2 INDIVIDUAL PARTS LIST
s | o wmeranee | o | e

MAIN CHASSIS ASSEMBLY (A2):

C201 1 Cap., Electrolytic, Can General Electric 117-0662 1
2 8KuF, +50, -10%, 25V d¢ Type 86F

Q201,202 2 Transistor, Si, NPN Westinghouse 119-0061 1
Power, TO-3 2N3055

T201 Transtormer, Power Kepco Inc. 100-1927 1

100-1827

PRINTED CIRCUIT BOARD ASSEMBLY (A1):

C8 Cap., Elect., Axial Leads Sprague 117-0648 1
450uF, +75, -10%, 25V Type 38D

CR1,29 thru14 8 Rectifier, Silicon, Axial Leads  Semtech Corp. 124-0133 1
100V (PIV), 1.5A Type SE-1

CR15-thru 21 7 Rectitier, Silicon, Axial Leads Semtech Corp. 124-0347 1
100V (PIV},BA Type S-5A1

Q45 2 Transistor, Si, NPN Fairchild 119-0094 1
Small Power, TO-5 119-0094

R20 Resistor, Fixed, Power, Axial  Tepro 115-0885 1
750 chm, 5%, 3W Type TS-3W

R21 Resistor, Fixed, Molded TRW 115-2501 1
3% ohm, 10%, 1/4W Type GBT-1/4

R22.,24 2 Resistor, Fixed, Power, Axial Tepro 115-0450 1
0.2 ohm, 3%, 3W Type TS-3W

R23 Resistor, Fixed, Molded TRW 115-2231 1
100 ohm, 10%, 1/4W Type GBT-1/4

R25 Resistor, Fixed, Molded Allen Bradley 115-2438 1
750 ohm, 5%, TW GB7515

R26 Resistor, Fixed, Power, Axial  Tepro 115-2493 1
0.25 ohm, 3%, 3W Type TS-3W

R27 Resistor, Fixed, Power, Axial Tepro 115-0471 1
100 ohm, 5%, 3W Type TS-3W

NOTE: REPLACEMENT PARTS MAY 8E 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 FRQM ALTERNATE SQURCES. KEPCO, INC.
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Q202 IS NOT USED ON:

PAT 72-0.3 AND
PAT 100-0.2

A-1 ASS'Y
SEC '16.5-6

o
o

-

PART OF 21 {37 QLML BILO™}

T20%

° o

FIG. 6-1 COMPONENT LOCATION,
MAIN CHASSIS ASSEMBLY (A2).
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NOTES&:

1. R22 AND R24 ARE NOT USED ON PAT 720.3 AND PAY 10002

2 R131S USED ONLY IN MODELS WITH FIVE PLACE NUMERICAL SUFFIX.

3. C3,CS, R AND R14 ARE NOT USED IN ALL MODELS. REFER TO MAIN SCHEMATIC.

F1G. 62 COMPONENT LOCATION,
PRINTED CIRCUIT BOARD (A1).
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FIG. 6-3 MAIN SCHEMATIC, PAT SERIES,
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Pleaze note the tollowing cormections o the Manual Material a8 indicated -

Parts Last and Schematic Diageam:

1

CHANGE:

T

CHAMNGE:

To:

ERRATA:

CHANGE:

Ta:

CHANGE:

T

CHANGE:

T

4 .5
45

ADD:

Bamier Strip
Barrier Strip
Beau 72514-C-53-V-)

Transistoe 50, MPH
Transistor 5i NPN

E1 Res. Fxd.,Prec MF

{ Page 6/3-6/4 Replacement Parts List)

R16
R1G

R1B
RIE

k1%
RI9

PATT-2/12-1784/r13
PATT-2/09-1688/114
PATT-202-1591 /14
PAT?-2A02-0492r1 5
PATT-2006-2106/i16

Bes. Var W W Trim
Fes, Var Cermet, Trim

Res Fix,
Res. Fix

RBes. Var.
Fes, War,

C5566
Colde
Erraca
Cid05
ClF2

Lo Power TO-5
Lovar Povaver, T0-5

232 ohm, 14W,1%
1K ohm,10%,1W
1K ahm, 10% 34w

10K ohm,] %, 1/8W
121K chm,1 %,1/8W

| SK ohm 30% 0.1W
2K ohm 30%.0.1W

KERCQO,
_ INSTRUCTION MANUAL CORRECTION

THE POWER SUPPLIER

Kepoo #167-0469
Kepco #167-0951

Kepco 11900594
Kepoo #119-0059
Kepeo #115-2310
Kepco #115-2264
Kepco #115-2456

Kepco #115-2174
Kepco #115-2453

Kepco #115-1939
Kepoa #115-1999
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