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A) PCX UNCASED

B) PCX CASED

C) PCX—-MAT

]

FIG. 1-1 KEPCO PCX AND PCX—MAT PLUG-IN MODULES
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FIG. 12 KEPCO ENCLOSURES AND HARDWARE SYSTEMS
FOR PLUG-IN MODULES

3 T

ar view of the RA 22-6 Housing with one VP-PX Overvoltage Protector
mounted (on far left) and 2 PC-2 Connectors instalied

PLUG-IN CONNECTOR BOARD Model PC-2
One PC-2 must be ordered for each active slot in the RA 22-6.

peX By OPS

¢
RACK Hoﬁ.;g%y?; 40-0.5M 100-0.2MAT 72-0.3BTA
Model RA 22-6

Complete with line cord
and Rear shield
{not including PC-2 Connectors)

BLANK SLIDE
ADAPTER
Model BPA-22
For mounting accessory equipment.
May also be used with standard un-
cased OPS, PAX and PCX modules
for blank panel mounting in RA 22-6,
CA-3, CA-4 and CA-5 housings.

FILLER PANELS

(supplied without slide
assembly and handle), may

be used to fill unused slots

in CA-3, CA-4, CA-5 and RA 22.6.

MODEL
RFP 22-2

MODEL
RFP 22.1

SN s 1

SINGLE UNIT HOUSING Model CA-3 DOUBLE UNIT HOUSING Model CA-4 TRIPLE UNIT HOUSING Model CA-5
Supplied complete with a built-in PC-2 connector.  Supplied complete with a built-in dual PC-2 connector. Supplied complete with a triple PC-2 connector.

{shown with a PCX 100-0.2MAT plugged-in} {shown with a C 40-0.5M and a BPA-22 plugged-in)

.. o—Folding handle
for portability.

All plug-in models
and the BPA-22 are
supplied with two
coding pins that can

be arranged in 6
different patterns to
key the housing slots.

Typical rear view of CA-3, showing  Typical rear view of CA4, showing integral Typical rear view of CA5, showing Slot provides access to internal
access terminals and connector. connector (Double PC-2) supplied. coding pins, connectors and l{ine cord. | adjustments in mounted supplies.

-v- PCX/MAT/44-68
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SECTION | — INTRODUCTION

SCOPE OF MANUAL

This manual contains instructions for the
installation, operation and maintenance of the
Kepco Series PCX and PCX—-MAT Regulated DC
Power Supplies.

GENERAL DESCRIPTION

The PCX and PCX—MAT Series represent a group
of tightly regulated, low ripple power supplies of
modular construction. While the PCX group is
delivered as a power supply module without
metering or controls, the PCX—MAT series is
equipped with a functional front panel, containing
full output metering, a ten-turn voltage control
and AC input power switch and indicator. The
two groups are identical with respect to their
rear-terminal layout, electrical design and
specifications. Interchange of PCX/PCX—MAT
Models with similary rated models of the former
Kepco Groups PBX/PBX—MAT is made possible
by providing jumper connections on the
PCX/PCX—MAT models. See Section V of this
manual for details.

The PCX and PCX—MAT Series of power supplies
feature a plug-in type, monolithic integrated
circuit amplifier, specifically adapted to the
critical needs of a power supply regulator. The
amplifier provides a significant improvement over
discrete component amplifiers in such power
supply parameters as thermal stability and
regulation. Other design features include a sharp
current limit circuit, adjustable in the range from
10 to 105% of the rated output current, which
protects the connected load and renders the PCX
power supply completely short circuit proof,
Rear-terminations on the PCX and PCX-—-MAT
power supplies provide for AC input, DC output
with "'Error Sensing’’ and programming
connections for remote output voltage control by
resistance, voltage or current. In addition,
PCX—MAT power supplies are equipped with
additional front panel output terminals.

Optional accessories for the PCX models include a
“Bridge Current Control” (Models with suffix
“R”) and a ""Zero Control” (Models with suffix
“E”) which allow precision programming ratio
adjustment. Models with suffix “T’’ have special
reference sources and feature an all over
temperature coefficient of 0.005% per degree
centigrade.

The modular construction of the PCX and
PCX—MAT power supplies permits installation in
a variety of mounting accessories (Refer to
FIG. 1-2 and paragraph 1-8) or the power supply
module may be installed as an integral part of an
existing installation.

PCX/MAT/44-68
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18
1-9

1-10

ACCESSORIES

GENERAL. PCX and PCX—MAT modules are

supplied without AC line cords. AC input

connections (and DC output or programming
connections) must therefore be made by means of
one of the methods listed below:

a) Using any of the listed Kepco mounting
accessories, all of which are equipped with
AC line cords and mating adaptors for PCX
and PCX—MAT power supply modules. The
power supply output, sensing and
programming terminals are made available
at the rear-barrier strips of the chosen case
or rack-cabinet.

b) If none of the Kepco mounting accessories
are used the printed circuit connector of
the PCX or PCX—MAT power supply may
be terminated with a mating jack to which
all necessary connections must be wired.

c) (PCX Models only}) AHll AC input, DC
output and programming connections may
be wired directly to the rear barrier strip.
PCX models have a fixed control resistor
across barrier strip terminals (7) and (8).
This resistor is for check purposes only and
must be replaced by a high quality,
wire-wound control resistor as described in
the operating section of this manual} (Refer
to Section 1l1).

ENCLOSURES AND MOUNTING HARDWARE

FOR KEPCO MODULAR SUPPLIES

(OPTIONAL, not supplied with power supply.

Refer to FIG. 1-2 for illustrations of the Kepco

Hardware System.

a) MATING CONNECTOR, for uncased
operation: KEPCO Model PC-1 or,
METHODE Model CD-612-S-P7.

b) SINGLE SLOT HOUSING, accepts single
PCX module and provides all necessary rear
terminations. KEPCO Model CA3. (AC Line
Cord included).

c) DOUBLE SLOT HOUSING, KEPCO Model
CA4, accepts two PCX modules or
mixtures.* Rear terminations provided. (AC
Line Cord included)

d} TRIPLE SLOT HOUSING, KEPCO Model
CAb, accepts three PCX moduies or
mixture.* Rear terminations provided. (AC
Line Cord included}.

e} RACK CABINET, KEPCO Model RA
22—-6, accepts six PCX modules or
mixture.* Each mounted unit needs a
piug-in adaptor (f}). (AC Line Cord
included)

*NOTE: Multiple slot housings will accept a mixture of

Kepco modular units (OPS—BTA, PCX-MAT)}
as well as blank-panel inserts such as BPA and
RFP.



f) PLUG-IN ADAPTOR, KEPCO Model PC2, b)  AMBIENT OPERATING TEMPERATURE:

required for rack-mounting each plug-in —20°C to +65°C.

module. c) STORAGE TEMPERATURE: —40°C to
g FRONT PANEL, KEPCO Model BPA-22, +85°C.

blank panel with slide bracket for fitting d)  ISOLATION: 500 Volts maximum {DC or

p—p)} may be connected from chassis to

accessory equipment or other Kepco
either output terminal.

modular unit without front panel
attachements.
h) FILLER PANELS
1-12 SPECIFICATIONS, PERFOR
1) KEPCO Model RFP 22—1, to cover A MANCE
one {1) empty slot in rack cabinet a) DC OUTPUT: Refer to Table 1-1.
AC INPUT: Refer to Table 1-1.

{RA 22-6) or one of the multiple
slot housings (CA4,CAb). b)  Regulation, Temperature parameters and
output ripple specifications for both

2) KEPCO Model RFP22-2, to cover
two {2) emply slots. operating modes are presented in Table 1-2

3) KEPCO Model RFP22-3, to cover below.
three (3) empty slots.
111 SPECIFICATIONS, GENERAL 1-13 SPECIFICATIONS, PHYSICAL
a) Refer to FIG. 1-3, ’Mechanical Qutline

a)  AC INPUT: 105V to 125 V AC or 210 V SR S it
to 250 V AC (selectable), 50 to 440 Hz, ng mensions, materials used,

single phase. Input current: Refer to Table 1-1. and finish.
DC OUTPUT oﬂ‘dﬁ"ﬂi?’éﬁ%’ﬁ?ﬁﬁ. ES AC INPUT
MODEL RANGE MAX. INPUT
DC to 100Hz | 1kHzto | AMPS.
VOLTS AMPS 100 Hz to 1kHz 100 kHz |3t 125 V AC
PCX 7-2 0-7 0-2 0.2x1073 0.02 0.1+1 uh 0.50
PCX 7-2MAT 0-7 0-2 0.2x1073 0.02 0.141 ih 0.50
PCX 15-1.5 0-15 0-1.5 0.5x1073 0.02 0.141 uh 0.65
PCX 15—1.5MAT 0-15 0-15 0.5X10—3 0.02 0.1+1 uh 0.65
PCX 21-1 0-21 0-1 1)(10_3 0.02 0.1+1 uh 0.45
PCX 21—-1MAT 0-21 0-1 1)(10_3 0.02 0.1+1 uh 0.45
PCX 40—0.5 0-40 0-05 ax10~? 0.02 0.141 uh 0.40
PCX 40—0.5MAT 0-40 0-0.5 4)(10_3 0.02 0.1+1 ih 0.40
PCX 72—0.3 0-72 0-0.3 12X1O—3 0.02 0.1+1 uh 0.45
PCX 72—0.3MAT 0-72 0-0.3 12X1O_3 0.02 0.1+1 uh 0.45
PCX 100--0.2 0—-100 0-0.2 25X10—3 0.02 0.1+1 uh 0.45
PCX 100—-0.2MAT 0-100 0-0.2 25X10-3 0.02 0.1+1 uh 0.45
TABLE 1-1 OUTPUT/INPUT SPECIFICATIONS, PCX, PCX—MAT POWER SUPPLY MODULES
PARAMETER VOLTAGE MODE CURRENT MODE
{with External Sensing)
OUTPUT RANGE 0-—-100% of max. rated 1 mA — 100% of max.
output voltage (Eq} rated output current {1}
REGULATION, LINE <0.0006% of E, max, <0.005% of g max.
{105 to 125 V AC or {at rated sample)}**
210 to 250 V AC, selectable)
REGULATION, LOAD < 0.005% of Eo max. or 0.2 mv* <0.01% of 1o max.
{No load to full load) {at rated sample)
STABILITY (8 hrs) <0.01% of Eq max. or 1 mv* <0.02% of lg max.
{Measured at constant AC line, or 1 mA
load and temperature)
TEMPERATURE COEFFICIENT*** <0.01% of Eo max. per °C <0.02% of I max,
{at rated sample}**
RIPPLE, rms <0.1mV <0.02% of 1o max.

TABLE 1-2 PERFORMANCE SPECIFICATIONS, PCX, PCX—MAT POWER SUPPLY MODULES

*NOTE: whichever is greater.

**NOTE: "Rated Sample” is 1 volt DC across an external current *##NOTE: PCX (PCX—MAT) Models with suffix “'T" have a
sampling resistor having a temperature coefficient of Temperature Coefficient of < 0.005% of Eg max.
20 ppm (maximum). An external current control per °C and <0.01% of I, max. per "C in the
resistor with similar specifications must be used. respective operating modes.

1-2 PCX/MAT/44-68



89-t/ X0d

/et

CASED

o] 0% -
P e
: VENTILATED AREA ? @ ‘l j
3 6V x 3% I } i “
i @ ' ! b [
S | ®
Tty Do oo4

=,
RECOMMENDED MOUNTING SCREW
SUE &/32 TyR@

(4} B/32 x Uy PHILLIPS HEAD
MACHINE SCREWS

N 5%, 53 (i bee T2
| ¢ i - “TE
@ -—® - —
i | ——
—L® O - = T g~ T
=l | [ |wame prare o 3 ok
— - 439 JAgulal YR B sa--—t
J nlalilninln]nfuinlalsislin]a) oo o
Z’L—z% 34 2% 3 Uy e
6732 x 4 PHILLIPS HEAD MACHINE SCREW TYR
FOR SIDES, FRONT AND REAR.
23y i 12 B
‘ » o0 ity | F“* -
= % Iy ! ! VENTILATED AREA I i i
. ‘ i l 8l x 3% i i ]
,', ! : 1 ! s i 4¥g
L L
0.0 0 R A | o .0
LBt (TYE)
KULKA PART NO. U~
RECOMMENDED MOUNTING SCREW
SEE 6/32 TYP. {4)
Y ] 1034 - Vs
e Umf:—-i—r
i VENTILATED AREA ] 1 Y
i sk x 1% i i s
=T~ o -7 ._.n Oo@— -4
) ] ® ®

FIG. 1-3 MECHANICAL QUTLINE

FUSE DATA
MODEL  |FUSENQ | IISVAC | 230 V&G
PCX 211 Fl CB AMP | 0.4 2P
Boot CONNECTOR BARRIER - STRIP PCX40-0.5 Fl 08 AMP | 0.4 AMP
FUNCTION FUNCTION FOX T2 [l 08 AMP | 04 aMP
HoT PCXI5-15 £l QBAMP | 0.9 AMP
TRA] d

:i%‘ Ly Acuke PCXT2-03 Fi GBAMP | 04 AP
MINUS ERROR SENSING FCXI00-02 Fi OB8AMP | 08 AMP
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NOTES:
-l THIS WAWING USED FOR:
PCX 21—, PCX 400,53, POX F‘CX!E\'!E: POX 72-0.3, POXK0D-02
2. MATERIAL , COVER #16 GAUGE
HEAVY ANODIZED BLUE FINY
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3. REFER TO KEPCO CATALOG FOR
DETAILED SPECIFICATIONS
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| FOR ALTERNATE CONNECT]ONS SEE _KEPCO MANUAL
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0—Eg max.

OUTPUT VOLTMETER {M101), —L

MONITQR-S OUTPUT VOLTAGE
E\r

FRONT OUTPUT TERMINALS — I~ OUTPUT CURRENT METER, MONITORS

SECTION Il — INSTALLATION

UNPACKING AND INSPECTION

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 2-11 below, If any

.indication of damage is found, an immediate claim

with the responsible transport service must be
entered.

TERMINATIONS

a) FRONT PANEL: Refer to FIG. 2-1
(PCX—MAT only).

b)  REAR: Refer to FIG. 2-2.

c) INTERNAL ADJUSTMENTS: Refer to
Table 2-1.

1
V AC POWER SWITCH/PILOT LIGHT
COMBINATION (SDS101}

S ]

©) ©

Q

QUTPUT CURRENT 0-Ig max.

10 TURN QUTPUT VOLTAGE CONTRQL (R101)

FIG. 2-1 FRONT PANEL TERMINATIONS, PCX—-MAT

REAR BARRIER STRIP (TB1)
ON PBX MODELS ONLY.

PRINTED CIRCUIT BOARD, TOP VIEW

PCX, PCX-MAT GROUPS, REAR TERMINATIONS

1 2 3 4 5 & 7 8 9 10 1l

59 IOII IZ

PLUG:IN ADAPTER
KEPCO MODEL PC—-2. PART OF
ALL KEPCO HOUSINGS AND

RACK MOUNTS.

~®~
°®’

*EXTERNAL VOLTAGE CONTROL

TO AC LINE

NEUTRAL ”®\

FIG. 2-2 REAR TERMINATIONS,

PCX AND PCX—MAT GROUPS

4 5 6 7 9 101
{Ryc) NEEDED FOR PCX MODELS.
o z (Bl o o JUMPER {8)-{9) NEEDED FOR
2 2[R’ g g PCX—MAT MODELS.
O g a m
2 1 ]
© S 2| %|  IMPORTANT NOTE:
“|  Pcx MOOELS ARE EOUIPPED WITH
9 - . o ~ & «  MINIATURE BARRIER STRIPS (TB1).
Zz2 32 2 O @ O ALLJUMPER LINKS ON T81 MUST
2 5 45 2 5 > £  BE REMOVED BEFORE THE UNITIS
4 0 2 8 Z © @ CONNECTEO TO THE ADAPTOR.
T Iz 3§ I THE NECESSARY JUMPER LINKS ARE
2 W THEN CONNECTED ON THE ADAPTOR
2 ONLY AS SHOWN,

REFERENCE ADJUSTMENT PURPOSE ADJUSTMENT
DESIGNATION PROCEDURE
RI9 1o LIMIT OVERLOAD CURRENT CONTROL PAR. 53
R24°* Eio NULLING ZERO OFFSET VOLTAGE PAR.3-17
R25* Rye VOLTAGE CONTROL PAR.S.7
R27°** Ip ADJUST CONTROL CURRENT ADJUSTMENT PAR. 317

“MODELS WITH PREFIX “B000™ ONLY.
**MOOELS WITH SUFFIX “E” ONLY.
***MODELS WITH SUFFIX "R ONLY,

TABLE 2-1 INTERNAL CONTROLS

PCX/MAT/44-68
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AC POWER REQUIREMENTS

PCX and PCX—MAT power supplies are normally
delivered for operation on a single phase, 105 to
125 V AC line, 50 to 656 Hz. For operation on 210
to 225V lines, the jumper connections on the
main transformer (T201) must be changed as
shown in FIG. 2-3.

PROCEDURE:

a) Disconnect power supply from line.

b) Remove bare wire jumpers between
terminals (A) and (B) as well as (C) and (D).

c) Connect bare wire jumper between jumper
terminals (B) and (C).

d) Replace 0.8 A fuse with 0.4 A. {Slow Blow

Type)

230V AC OPERATION
ONE {1} JUMPER BETWEEN

T g:

{8)-{C)

A BCO

PRINTED CIRCUIT BOARD
TOP VIEW

116V AC OPERATION
TWO (2} JUMPERS BETWEEN
{A)—{B} AND {C}—(D)

FIG. 2-3 CONVERSION TO 230 V AC LINE OPERATION

27
2-8

29
2-10

2-11
212

GROUNDING

For safety reasons it is imperative that the metal
chassis be kept at ground potential. If a three-wire
safety line cord and a properly grounded outiet is
used, this is taken care of automatically. However,
if only a two-wire line cord or an adaptor for a
three-wire line cord is used, the pigtail wire of the
adaptor, or the metal chassis of the power supply
must be returned to a good AC ground.

ISOLATION

The DC output terminals of the PCX and
PCX—MAT Power Supplies are isolated from the
AC powerline and from the chassis. Since no DC
connection to the chassis exists, either side of the
supply may be grounded, or a maximum of 500 V
(DC or AC peak to peak) can be connected
between chassis and either output terminal.

PRELIMINARY CHECK-OUT PROCEDURE

Before final installation, a simple functional check

may be performed as described below:

a) PCX MODELS. Apply AC line power and
connect a suitable DC voltmeter as shown
in FIG. 2-4 below. The output voltage
measured on the connected meter will be
proportional to the resistance connected
across terminals (8) and (9) of the rear
barrier strip on the power supply (TB1).
Since a {nominal) 1 mA control current is
used in PCX power supplies, the output
voltage (Eg) will be approximately equal to
the number of kilohms used times 1 mA.



The carbon resistor supplied across the
barrier-strip terminals should not be used
when making regulation or stability
measurement. Instead it must be replaced
by either a fixed or a variable resistor
having a temperature coefficient of not
more than 20 parts per million. The value
of the voltage control resistor 1o be selected
depends upon the desired cutput voltage.
For full control from zero to the maximum
rated output voltage (Eg max.} the value of
the control resistor {Ryc} should be:
Bye & Eg max./1 mA.

Remove AC line power, This concludes the
preliminary check-out,

PCX~MAT MODELS. Connect to mating
device {either one of the accessories
described in paragraph 18) and to AC
power line. Turn AC POWER SWITCH
“on’’ {Refer to FIG. 2-2 for the location of
the front panel controls). AC LINE
INDICATOR light {part of AC POWER
SWITCH]) should energize. Turn VOLTAGE
CONTROL slowly clockwise and observe
the increase of the output voltage on the
panel meter (M101}. The output should
increase smoothly from zero toc the
maximum rated output voltage of the
model under test. Shut AC POWER
SWITCH ‘‘off’’. This concludes the
preliminary check-out.

213
2-14

215
2-16

INSTALLATION

KEPCO modular, plug-in type power sources offer
a wide variety of mounting possibilities {(Refer to
par. 1-9, “ACCESSORIES"}. Whether single case,
multiple housing or rack-installation is planned,
installation consists simply in carefully sliding the
module into one of the cabinets, making certain
the printed circuit board connector of the unit has
made positive contact with the mating plug in the
housing.” Once the two holding screws on top and
bottom of the front panel have been fastened, the
unit is ready for operation,

COOLING

Modular units installed in single or multiple
housings, or in rack cabinets must have sufficient
air flow for effective convection cooling.
Perforaied side covers and tops must be kept clear
from obstructions. In rack-installations, care must
be taken that the temperature inside the rack does
not exceed the specified ambient temperature. In
extreme cases, the rack should be cooled by fans,

*NOTE: The distance from the outer edge of the printed

circuit board connector 1o the rear of the front
panel must be 15 inches £1/32", If it is not,
loosen holding screws ({See FIG. 5-1) and
re-align for exact distance.

REAR BARRIEA STRIP UN POX POWER SUPPLY

-t

BY

00 o0 90 © © &0

e

Ep 1/4 W RESISTOR SUPPLIED
WITH UNIT, DO NOT USE FOR
+ CRITICAL MEASUREMENTS,

TO AC LINE
[Eo = yc(K-OHMS) x IMA))

FIG. 2-4 OPERATION CHECK PCX

PCX/MAT/44-68
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POX PCH-MAT GROUP, REAR TERMINATIONS

SECTION 11l — OPERATION

STANDARD OPERATION, LOCAL CONTROL
{Refer to FIG. 3-1)

With the PCX or PCX—MAT power supply
terminated either with a simple mating plug
(PC—1) or the plug-in adaptor PC—2 {part of ali
mounting accessories), the unit may be connected
to the AC power line and is ready for operation,

The load should be connected as shown {on
PCX--MAT models, the load may be connacted to
the front terminals). Error sensing, as described
below (Refer to paragraph 3-5} is recommended
to insure specified performance directly at the
load. Standard jumper link connections for local
contro} are shown in FIG. 3-1 below. All load
connections and jumper links must be tight and
secure for proper operation. If the indicated
Plug-in Adaptor (PC-2} is not used, the jumper
links must be provided on the mating connector
to P1. In the case ot PCX Models which are
equipped with their own miniature barrier strip
{TB1}, the jumper links on TB1 must be removed,
if an adaptor (PC2--part of all cases and rack
mounts} is used,

- REAR BARRIER STRIP {TB1}
ON PCX MOOELS ONLY.

PRINTED CIRCUIT BOARD, TOP VIEW

i ¥ 3 4 5 6 ¥ B 9 0 i

o
-

88 OHER
N

PLUGIN ADAPTER
KEPCO MODEL PC-2,
{PART OF ALL KEPCO HOUSINGS

|7
/—“("'

Vi

AND RACK MOUNTS)

X
X

S —
.,@4/—

§

»
o
o

TO AC LINE

&
NEUTRAL ®\
S

SROUND

Ext.
Five *EXTERNAL VOLTAGE CONTROL

{Rye). NEEDED FOR ALL MODELS PCX

COMMON

INTERNAL
INTEANAL

PCX—MAT,

{#16.2V REF.
REF. AESISTOR

NULL JUNCTION

FIG. 3-1 REAR CONNECTIONS FOR

34

STANDARD OPERATION

The connecting diagrams shown in the following
paragraphs show ONE barrier strip only. This
barrier strip represents the rear terminations of
the PCX as well as that of the PCX—~MAT group.
The relationship between barrier strip terminals
and pin numbers on P1 may be found by referring
1o FIG. 3-1, AC line connections {as shown in
FIG. 31} have been omitted in order to simplify
the presentation.

PCX/MAT/44-68

JUMPER LINK NEEDED FOR ALL MODELS
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REMOTE ERROR SENSING

The error sensing leads are the input connections
to the power supply’s regulating system. They are
terminated on terminals {4) and (7} of the adaptor
piug barrier strip and normally connected to the
output terminais (5) and (6} via removable links.
With the links in place, specified regulation
performance will be maintained at the rear output
terminals of the power supply. Since the IR
voltage drop across the load wires will degrade
regulation at the load, the links connecting the
sensing leads to the output terminals are now
removed and the sensing terminals directly
connected to the load. '

PROCEDURE (Refer to FIG, 3-2}

a) Remove jumper links between terminals
{4)-(5) and {6)-{7).
b}  Use twisted wire, AWG#18 for the error

sensing leads and twisted joad wire as heavy
as practicable, to reduce inductance and
optimize transient recovery time. Observe
polarities: The negative error sensing lead
{4} must go to the negative load wire (5),
the positive error sensing lead (7) to the
positive load wire (6}.

REMOVE
LINKS —I
PC2

@@@@&9@:@@

), 4}
i
\- TWISTED
PAIR

FIG. 3-2 LOAD CONNECTION WITH REMOTE

ERROR SENSING

NOTE: An accidental open circuit in the remote sensing

circuit will sharply degrade the regulating
function and cause the output voltage and
ripple to rise. In addition, an open load circuit,
leaving the error sensing terminals connected to
the load, may be damaging to the supply since
the load current will attempt to flow through
the sensing circuit.

When using remote error sensing, the power
supply should be OFF when the load and
sensing connections are being made. Be sure to
connect the load before connecting the sensing
wires and conversely, remove the sensing wires
before removing the load leads.
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%
REFERENCE VOLTAGE &, I'4 4
(EXTERNALLY ENERGIZED
ZENER DIODE)

INTRODUCTION TO REMOTE
PROGRAMMING (Refer to FIG. 3-3)

A few géneral remarks may be in order to
familiarize the user of this equipment with the
terminology and basic equations pertaining to
remote programming of the Kepco PCX and
PCX—MAT Power Supplies. Electrically, the
power supply consists of the unregulated DC
source (Ey) the pass element (Ep), the DC error
amplifier {(A) and a comparison circuit which
resembles a four-arm electrical bridge. (Refer to
FIG. 3-3). The elements of the bridge are arranged
to produce a virtual zero at the amplifier input
when the bridge circuit is at balance (Vaa'=0).
Any tendency for the output voltage to change in
relation to the reference voltage {Ry) creates an
error signal which, by means of negative feedback
and the amplifier, tends to correct the output
voltage towards restoration of bridge balance.

ip ~ BRIDGE CURRENT

@~ NULL JUNCTION

REFERENCE Rr
RESISTOR

COMPARISON
AMPLIFIER

X Ey UNREGULATED
SOURCE
"L OUTPUT g,
VOLTAGE

N, 7
XYk, pass ELEMENT l
Al O

COMMON POINT

FIG. 3-3 KEPCO POWER SUPPLY AND

COMPARISON BRIDGE CIRCUIT

3-10 EQUATIONS SHOWING THE OPERATION OF

THE KEPCO BRIDGE

3-11 The following relationships govern the operation

of the Kepco Bridge at balance, i.e., with
Vaa=0:
3 Eo - Rvc (1)

Er Rr

E - @

Rr

Eo = IpRyve (3)

Where: Eg = Output Voltage
Er = Reference Voltage
Rr = Reference Resistance
Rvc = Control Resistance

Bridge Current

o
[
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NOTE: For
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b) The ratio of the number of ohms
control-resistance needed per volt output is
termed the “CONTROL RATIO”. It is
nominally 1000 ohm/Volt in the PCX and
PCX—MAT Power Supplies.

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

Er
r

EO = X RVC

E . .
The ratio R_r constitutes the bridge current

r
lb. Er/Rr=Ip (Eq.2)

d)  Therefore, we can write: Eg=IpRyc (Eq.3).
Making I a precision quantity {precision
bridge current adjustment is described in
Par. 3-12), establishes a precise
programming ratio, so that the accuracy of
Eo is solely dependent upon Ryc. This
mode of operation is referred to as
"RESISTANCE PROGRAMMING’ and is
covered in detail in Par. 3-23.

. ) _ - Ry

e) Rewriting Equation (1), Eq = Er?r
we can make Ep the variable which controls
Eo. This type of control is referred to as
""VOLTAGE PROGRAMMING” and is
covered in Par. 3-35.

f) Many other modes of control are of course
possible; some of them are described in the
following paragraphs. For a more extensive
treatment and a detailed theoretical view of
power supply applications, see the *’Kepco
Power ‘Suppiy Handbook'’, available from
your Kepco Representative or directly from
the Kepco Applications Engineering
Department.

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

ADJUSTMENTS FOR EXACT PROGRAMMING
RATIO

Referring to Equation (3): Eg=IpRyc, it is obvious
that if Ip=1 mA, for each volt of output voltage
Eo., 1000 ohms of Control Resistance Ryc is
needed. The ""Programming Ratio’’ of 1000 ohms
per volt is therefore based on the bridge current, Ip.

PCX/MAT/44-68



In the PCX and PCX—MAT Power Supplies, this
bridge current (lp) is about 10% higher than
1 mA.

Again referring to Eg=lpRyc (3), we see that if
Ryc is made zero {shorted out), Eg should be
zero. However, a small negative offset voltage will
be found at the output under this condition.

Both "inaccuracies’’, the small offset voltage as
well as the slightly larger bridge current, have been
purposely designed into the PCX and PCX—MAT
Power Supplies in order to simplify precision
adjustment of the Programming Ratio.

Quite a number of methods are possible towards
that end. The accuracy of the calibration is only
limited by the precision of the test equipment in
the laboratory. Since the availability of this
equipment will vary from laboratory to
laboratory, several procedures are described in the
following paragraphs.

NOTE: The external control rheostats (RT = “External

314

3156

lp Control” and R; “External Zero Control”)
may be omitted in the following procedures and
diagrams if the PCX or PCX-MAT power
supply has these controls built-in. See
appropiate notes in the “Equipment Required’”
paragraph of each procedure and in FIG.'s 3-4,
3-65and 3-6.

METHOD #1 (ACCURACY DEPENDS ON
MILLIAMMETER AND Ryg)

EQUIPMENT REQUIRED:

a) Precision milliammeter, Weston Model 931
or equivalent. (M2)

b) Precision resistor 1 K ohm *0.5% or better.
[RVC)

c) Multimeter or other voltmeter for nuli

indicator. (M1)

d) Single pole, single throw switch. (SW-1)

e) Rheostat {external “’Ip” control) 0-1K (R+)
(May be omitted if Model has "R’ suffix.)

f) Rheostat (External Zero Control) 0-200 &2
(R;). (May be omitted if Model has “E”
suffix).

REMOVE
/ LINK

/

066 b0 o060 ah

RT
1K
{Ip ADJ)

FIG. 34 PROGRAMMING RATIO CALIBRATION.

METHOD #1

PCX/MAT/44-68
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3-16  PROCEDURE:

317

318

3-19

a) Connect calibration set-up as shown in
FIG. 3-4.

b)  Connect PCX or PCX—MAT Power Supply
to AC line. With SW-1 open, approximately
1 volt will be read at the output voltmeter,
M-1.

c) Adjust Rt (Ext. lp control)
milliammeter M-2 reads exactly 1 mA,

d) Disconnect power supply from the line and
mark zero reading of output voltmeter and
reconnect to line.

e) Close SW-1 and adjust R (External zeroing
control) exactly to this established zero
point.

f) Repeat {(c),(d), and {e) until no further
change is observed.

until

METHOD #2 (ACCURACY DEPENDS UPON
CELL AND Ry¢)

EQUIPMENT REQUIRED:

a) Mercury cell, 1.35 V.

b) Precision resistor 1.35 K £0.1%. (Ry¢)

c) Multimeter or other voltmeter as a null

indicator. (M1)

d) DPDT switch. (SW-1)

e) Rheostat (external I adjustment) 0-1 K
(Rt) (May be omitted if Model has "R
suffix).

f) Rheostat (External zero adjustment)
0-200 2 {Ry) (May be omitted if Model has
"E" suffix).

RT

1K
M Ry (in AD)
(ZERO A0J.)

Rve
1350 2
0.1%

'& -
L <7 ,
[N)
»

FIG. 3-5 PROGRAMMING RATIO CALIBRATION,
METHOD #2

PROCEDURE

a) Connect calibration set-up as shown in
FIG. 35

b} Connect power supply to line, With SW-1 in
Pos. 1, adjust Rt {External |l control) to
zero volts on the null meter,

c) Transfer SW-1 to Pos. 2. Adjust Rz
{External zero control) to zero voits on the
null meter.

d) Return SW-1 to Pos. 1 and repeat {b) and
(c) again until no further change is observed
on the voltmeter.
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PC2

METHOD #3 (ACCURACY DEPENDS ON
VOLTMETER AND Ry}

EQUIPMENT REQUIRED:

a) Precision differential - or digital voltmeter.
{M1) .

b} A precision resistor (£ 0.1%}, equal to
1000 x Eg maximum {Rye).

c) Single Pole, single throw switch (SW-1)

d) Rheostat {External Ip control) 0-1K (Ry)
{May be omitted if Model has "R’’ suffix).

e) Rheostat (External Zero Control) 0-200 2
{(Rz} May be omitted if Model has "E”
suffix.

REMOVE
sz LINK

o@@o@)@:{@

Ry

M 1K

31 4 tig ADL
PRECISION sw-1 L6y
VOLTMETER E: 2008
< 1ZERO
Ree ADLY

FIG. 36 PROGRAMMING RATIO CALIBRATION
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METHOD #3
PROCEDURE

a) Connect calibration set-up as shown in FIG.
3-6.

b}  With SW-1 closed, adjust R, (External zero
control} for zero volts on the precision
voltmeter.

c} Open SW-1 and adjust R¢ (External Iy
control) exactly 1 volt per 1000 ohms.

dj Repeat (b} and {c) until no further change
is observed on the voltmeter.

PROGRAMMING OUTPUT VOLTAGE WITH
RESISTANCE

The output voltage of the PCX or PCX—-MAT
Power Supply can be varied by means of a control
resistance connected between terminals {8) and
{9) of the barrier strip. This resistance may be
fixed, continuously adjustable, or stepped,* or it
may be a combination of these.

The value of the output voltage is given by
Equation (1): E Er

:R e
8] vC Rf

Since—g£ = |y {Eq.2}, it follows that
r

Eo = Ib Rvc {Eq.3).
Referring to Equation (3), we see that since Iy is
1 mA in the PCX supplies {and can be precisely
adjusted as shown in Par, 3-12}, for every volt of
output, 1000 ohms control resistance must be
provided. This corresponds to a “Programming
Ratio” of 1000 ohms per volt.

*NOTE:When fixed resistors are switched as the voltage

control resistance, the switching device must
have ""Make before break' contacts in order

34

that the control circuit does not open during
transfer. While the steady-state current through
Rye is only 1 mA, it will rise to considerably
higher peak values when large 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 the programming resistors
is increased to several times the steady state
power dissipated in them,

REMOVE LINK [PRESENT
ON PCX-~MAT ONLY)

0O 0 Omd PO TD OO

\
kS »

o] 1£5]
LOAD Ry

FIG. 3-7 CONNECTIONS FOR RESISTANCE
PROGRAMMING
325 PROCEDURE (Refer to FIG. 3-7)
PCX—MAT MODELS ONLY

a) Disconnect the internal voltage control on
PCX~MAT Models by removing the jumper
link between terminals {(8)-(9), (PCX
Models do not have a link between these
terminals), There are two ways to connect
the external Ry to the PC2 barrier strip:

1} Connect Ry, between terminals (4)
and (9).

2) Connect Rye between terminals {8}
and (9) and place a jumper on the
PCB board as shown in FIG. 5-2. This
method may be used for existing
installations where Models
PBX~MAT are repiaced with
PCX—~MAT.

b} Determine value of programming resistor(s}
for output voltage desired.

c} Using two-wire, shielded cable, connect the
chosen resistors to terminals {8) and (9},
Connect the shield to terminal {3).

d} The output voltage will vary from zero to
{1 mA} x {Ryc), as Ryc is adjusted from
zero to its maximum value,

326 CONSTANT CURRENT OPERATION

327 In the constant current operating mode, the
voltage comparison bridge is interconnected with
an external current sensing resistor, Rg and a
current control, Ree, {as shown in FIG. 38) to
maintain a constant voltage drop across Rg. In this
way, an adjustable constant load current is
obtained. Characteristic of thé constant current
supply is the ability to change its output voltage
automatically in order to maintain a constant
current through a range of possible load
resistarrces. The range of cutput voltage that the
supply can deliver and simultaneously maintain
constant current, is referred to as the

"COMPLIANCE VOLTAGE",
PCX/MAT/44-68



3-28 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 one 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 Rs. 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 ali the load current is
flowing through Rg and the input to the regulator
is connected across it. It is therefore vital that all
extraneous changes across Rg, i.e. resistance
change due to temperature, are kept to a
minimum. A high quality, low T.C. (20 PPM)
resistor, at least ten times the actual wattage
needed, is therefore strongly recommended.

329 The current control resistor, {Rec), is chosen on
the basis of the control ratio of the Kepco
comparison bridge, and Vg, the maximum voltage
across Rg. If Rg was selected for 1 volt drop, then
Vg =1 Volt and R¢e = Vg x {control ratio),

1000 0hmy _ 4 136 ohms.

1 voit
A high quality, low T.C. (20 PPM) resistor is
recommended for Rec.

330 PROCEDURE (Refer to FIG. 3-8)
The actual set-up procedure for current regulation
is perhaps best shown by a practical example. A
PCX 72—0.3 MAT is to be set up for current
regulated output from 30 mA to 300 mA.

or Ree = 1volt x (

REMOVE LINK {PRESENT
K ON PCX—MAT MODELS DNLY)

OO0 O GO @0 =0
1

Rs = CURRENT SENSING
RESISTOR

1
"o IMAX)
V2 1.0 VOLTS

Rg

EXTERNAL YO
POWER SUPPLY

UNREGJLATED

G
¥

&)

3

FIG. 3-8 CONNECTIONS FOR CONSTANT
CURRENT OPERATION

a) Rs is chosen by: Rg= 2)\;0: = 3:33.0hm
Pdiss = VsxImax. = 1 volt x {0.3 A} = 0.3

watts.
b)  The control resistance Rge is found by
calculating its limits:

Ree (max.) = Vg {max.) x control ratio =
1vx 10000hms — 4000 ohms.

PCX/MAT/44-68
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Rcc (min.} = Vg (min.) x control ratio =

0.1Vx ___—700\90'1"’5 = 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
zero 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 sufficient for the purpose
intended. (Specifications are based on 1
volt sample). To insure regulation figures
within specifications, we must calculate Rg
under minimum current conditions.

Vg min. = 1volt

Rs=-g)—vc;:)3—l-; = 33.3 Ohms
Imin. = 0.03A )
The actual power dissipation of Rg is given
by:
Pdiss = Vs (max.) x I (max.) = 10V x
0.3 A = 3 watts.

{Three 100 ohm, 10 W, wire-wound
resistors connected in parallel, will be
satisfactory.)

Rec will now be:

Rce {max.) = Vg (max.) x control ratio =

10 V x 1000 ohm/V = 10 K ohm,

Rce (min.) = Vg {min.} x control ratio =
1V x 1000 ohm/V = 1 K ohm.

3-31 PROGRAMMING BY CONDUCTANCE
3-32 For special applications, the output voltage Eg

can be adjusted by varying the bridge current. The
refationship governing this type of programming
is:

r
Eo = Er (Ryc) {G), or Eg = ————— (Ry¢)
o~ Er {fRvc o] Ry + Ry ve
1
Where: G = ———— = programming conductance
Ry + Ry
Eo = outputvoltage
Er = reference voltage
Rve = control resistance
Ry = reference resistance
Rx = programming resistor

Sincei= Ip and Eg = Ip Ryc, the output voltage
Rr

varies directly as Ip changes. Changing I with the
help of an additional resistor in series with Ry
results in an inversely proportional change of Ip,
since now

Er
Rr+Rx
This method of output voltage adjustment is
therefore referred to as conductance
programming.

Ip =
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Cc2

Conductance programming is inherently
non-linear and a 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 voitage. Another
distinctive advantage of this type of programming
is the “built-in’’ safety feature. Should the
programming circuit open accidently, the
programming resistance becomes infinite, the
conductance is zero, and consequently, the output
voltage becomes zero.

REMOVE LINK {PRESENT ON
PCX—MAT ONLY) IF EXTERNAL
Ry IS USED.

0 © 0 o0 >0 ¢'P &Y

REMOVE LINK

L0AD Ry Rx

FIG.3-9 CONNECTIONS FOR CONDUCTANCE
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PROGRAMMING
PROCEDURE

Example: Eg desired = 3 to 5 volts.

a) Select Ryc for maximum desired output
voltage Eq.
R Fo °VY _ 5Koh
=—, = —_— = ohms
ve b ve TmA
b) A change of Eg to 3 volts requires a bridge
current change of:
AE 2 volts
Alp = —2 = = .4 mA
Rye 5 K ohms
. Er
c) Since |b.=§" =1mA,

r
the additional resistance needed is:

|b(Rr+Rx) = Er, Rx =%— Rr or

b
t
Ry = 2O _ 6k = 4K ohms.
0.6 mA
A 4K ohm, WW, low T.C. potentiometer
will 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 1 mA
value has been selected for greatest stability in
the zener reference circuit. A large departure
from this value is not advisable. If a ¥50%
change in Iy is not sufficient to achieve the
desired voltage swing, an external reference
supply can be used.

3-35 PROGRAMMING OUTPUT VOLTAGE WITH

3-36

EXTERNAL VOLTAGE

The output voltage (Eg) of the PCX—MAT 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

337

3-38

voltage of the PCX supply. The output voltage
(Eq) “‘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:
Rvc

Rj
output voltage to be programmed.

E0=Ei

programming voltage (input).

= voltage control resistance of the
supply to be programmed. (Ryc

can be either internally or externally
connected).

external programming resistor
(coupling resistor).

Ri =

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. Ej can be any variable DC source
having parameters at least as good as the desired
Eo, and being able to deliver the necessary Ip. The
resistor Ryc are selected by first determining {p,
desired bridge current.

Since Iy, is supplied by Ej 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 pA.

Once | is selected and Ej as well as the desired
output voltage Eg are known, Ryc and R;j are
calculated by these simple relations:

Eo Ej
Ryc=— (2} where I =— (4) and
Ib Ri

_Ei
Eo= E" x (Ryc)
Stability, more than accuracy is the dominant
critirium for selecting Ry and Rj since part of the
resistance can be made adjustable to compensate
for tolerances and off-set voltages. Another
important consideration in selecting control and
programming resistors is to leave a wide safety
margin when determining their wattage rating and
to use only low temperature coefficient units.

PC2
© OO0 O OO O O @O
a L2

u \- REMOVE
() 1LOADF 4y LINK
E; Ry
=2 AA
LA

F1G. 3-10 CONNECTIONS FOR VOLTAGE PROGRAMMING
3-39 PROCEDURE (Refer to FIG. 3-10)

Connect components as shown in FIG.
3-10, disconnect link between terminals
(10) and (11) on the barrier strip.

a)

PCX/MAT/44-68
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Component selection may be shown in the
.. form of an example. ...
Example: - -
A PCX 40-0.5 MAT is to be programmed
from zero to 30 V.,
The programming source available is a
variable 10 volt source, capable of
delivering 5 mA. The bridge current is
chosen to be 5 mA. We find Ryc and Rj by

using equations {3} and {4).

b)

Eo 30V

3) Rye=—2>= —— = 6K
(3) Rve ib B5mA

R = 0V oy
: b 5mA

Power dissipated in

Rve = 30 V x0.005 A= .15 W {use T W).
Power dissipated in

Ri=10V x.005 A= 05 W {use .BW).

SERIES OPERATION OF PCX—-MAT MODULES

General. Kepco PCX—MAT Modules can be series
connected for increased voltage output, provided
the specified limits on voltage to chassis are not
exceeded. When series-connected, the supplies
should be protected by means of a semiconductor
diode across the output terminals of each power
supply, as shown in FIG, 3-11. The peak inverse
rating of these diodes must be at least as large as
the output voliage 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.

POWER SUPPLY NO, 1 AEMOVE POWER SUPPLY NO. 2

-

Em

o ee] " Lo
| ]

N

FIG. 3-11 SERIES CONNECTION OF PCX SUPPLIES
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PROCEDURE

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

b} Connect protective diodes across respective
output terminals.

c) Remove jumpers as shown and connect
error sensing leads, These leads carry
negligible current and can be approximately
#18 gauge wire.

d} Turn supplies on and adjust voltage on

either control as required.

PCX/MAT/44-68
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NOTE:

OUTPUT CURRENT BAND
[ SUPRLY #Y

PARALLEL OPERATION OF PCX-MAT
MODULES

Two identical PCX—~MAT power supplies may be
operated in parallel for increased load-current
output. Each supply is set to the desired output
voltage with its respective Current Limiting
Adjustment set to the maximum rated output
current. After paralleling the two power supplies,
one of the (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 to the setting of its Current
Limiting Adjustment, As the Joad 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 Limit
Adjustments set to the maximum rated output
current. It will be obvious from the diagram, that
the areas of load regulation are within the cutput
current bands of the individual supplies only,
Therefore, load regulation 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 Par, 3-5, (from either
supply} may be used if precise regulation at the
load is required.

When paralleling power subplies, care should be
exercised to avoid turning the voltage control of
only one supply close to zero. This precaution is
necessary 1o prevent possibly damaging currents in
the voltage control resistor as its limiting
resistance is lowered.

MaXx. RATED
QUTPUT CURRENT BAND
SUPPLY #2 —

MAX, RATED

QVER CURRENT
REGION, SUPPLY #1
OVER CURRENT
REGION, SUPPLY #2

ool
SUPPLY #1
CUTPUT VOLTAGE

o V{BETWEEN SUPPLY #1
\ANO SUPPLY #2

SUPPLY #2

/CURNENT LIMIT SUPPLY CURRENT LIMIT SUPPLY #2

Fi

QUTPUT CURRENT, 1 —>

G. 3-12 PARALLEL OPERATION, PCX—MAT
POWER SUPPLIES

} /’DIFFERENCE VOLTAG

)



345 PROCEDURE (Refer to FIG. 3-13)

a)
b}

c)

Connect units.as shown in F|G, 3-13. Open
SW-1 and SW-2 and connect 1o line,

Close SW-1 and adjust both units to the
approximate output voltage desired.

Close SW-2. Observe load current meters
M1 and M2. Adjust Current Limit Adjust
potentiometer R19 on the unit showing the
higher current on its load current meter.
Turn R19 counter clockwise until currents
on M-1 and M-2 are approximately equal,

38
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FIG. 313 PARALLEL CONNECTION OF
PBX-~MAT SUPPLIES

PCX/MAT44-68
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You must register your product to comply with the terms of the warranty. Either fill out the form
below and mail or fax to Kepco, or for rapid on-line registration go to:

http://lwww.kepcopower.com/warranty.htm

PRODUCT PURCHASED:

Model Number)

Serial Number

PURCHASE INFORMATION:

Date Purchased:

Date Received:

REQUEST ADDITIONAL INFORMATION

[d Send complete Catalog

[d Have Sales Engineer Call

Contact via: [JE-Mail [JTelephone [JFax [JS-mail

REGISTER TO:

Registered by:

Company Name:

Street:

City:

State:

Country;

Zip:.

E-mail:

FAX:

Phone:

WHAT INFLUENCED YOUR CHOICE OF THIS POWER SUPPLY?

[ Previous Experience (which Kepco Models do you have?)

[} Magazines (which ones?)

1 Kepco Catalog or Brochure?

[ Sales Representative?
[} Wweb Site

[d Other (please explain):

What products would you like to see Kepco make?

[J Trade Shows (which ones?)

[J Directory?

CUT HERE

This is to certify that we, KEPCO, INC., (hereinafter called “Company®), Flushing, NY
11352 USA, warrants for a period of FIVE YEARS, this instrument known as:

MODEL:

SERIAL NO.

The Company’s products are warranted for a period of five years from date of delivery to
be free from defects in materials and workmanship and to conform to the specifications
fumished or approved by the Company. Liability under this warranty shall be limited to
the repair or replacement of any defective product at Company’s option.

If any defect within this warranty appears within the warranty period, the Purchaser shall
promptly nofify the Company in writing. No material will be accepted for repair or
replacement without written authonzation of the Company.

jW5 Yeave Wa/nam/@/

THIS KEPCO PRODUCT IS WARRANTED FOR FIVE YEARS!

KEPCO, INC. ® 131-38 SANFORD AVENUE, FLUSHING, ;Qag
NY 11352 USA ® Tel. 718-461-7000 ® Fax. 718-767-1102 KEPCO
E-mail: hgq@kepcopower.com ® URL: http://www.kepcopower.com

Upon such authorization, and in accordance with instructions of the Company, parts or
malerials for which replacement is requested shall be retumed to the Company for
examination, with shipping charges prepaid by the Purchaser. Final determination as to
whether a product is actually defective rests with the Company.

This warranty does not extend to any product which has been subjected to misuse,
neglect, accident, improper installation, or use in violation of instructions fumished by
the Company. The warranty does not extend to, or apply to, any unit which has been
repaired or altered outside of the Company’s factory by persons not expressly approved
by the Company.

THE WARRANTY HEREIN CONTAINED IS IN LIEU OF AND EXCLUDES ALL OTHER

WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING WITHOUT
LIMITATION THE WARRANTY OF MERCHANTABILITY.

AN 180 B0t COMPANY

=" THE POWER SUPPLIER
SINCE 1948




FOLD HERE

Please
place

stamp
here

KEPCO, INC.

131-38 SANFORD AVE.
FLUSHING, NY 11352 USA

CUT HERE





