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PCX UNCASED

B) PCX CASED

C) PCX—-MAT

FIG. 1-1 KEPCO PCX AND PCX—MAT PLUG-IN MODULES

PCX/MAT/44-68 i -



FiG. 1-2 KEPCO ENCLOSURES AND HARDWARE SYSTEMS
FOR PLUG-IN MODULES

2 i3 k.4

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

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

6-SLOT
RACK HOUSING

Model RA 22-6

Complete with line cord

and Rear shield

(not including PC-2 Connectors)

100-0.2MAT 72-0.3BTA

BLANK SLIDE
ADAPTER
Modei 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 22-3

MODEL ;
RFP 222 -
M
MODEL
RFP 22.1

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 CC 40-0.5M and a BPA-22 plugged-in)

i _—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.

A BE o6 &
rerrer

LalLBasEs slER

Typical rear view of CA-3, showing  Typical rear view of CA-4, showing integral Typical rear view of CA-5, showing Slot provides access to internal
access terminals and connector. connector (Double PC-2) supplied. coding pins, connectors and line cord. | adjustments in mounted supplies.

-iv- 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 plugin 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 especially in the
DC power supply parameters. 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 instaliation.

PCX/MAT/36-70
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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.) Ali 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 preliminary checking
purposes only and must be replaced by a
high quality, wirewound control resistor as
described in the operating section of this
manual. {Refer to Section itl.)

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 (not shown).

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 modules or
mixture.* Rear terminations provided. (AC
Line Cord included).

e) RACK CABINET, KEPCO Model RA
226, accepts six PCX modules or

mixture.* FEach mounted unit needs a
plug-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.



PLUG-IN ADAPTOR, KEPCO Model PC2, 1-11 SPECIFICATIONS, GENERAL

required for rack-mounting each plug-in al  AC INPUT:105 V to 125 V AC or 210 V to

module. 250 V AC (selectable), 50 to 440 Hz, single
FRONT PANEL, KEPCO Model BPA-22, phase. Input current: Refer to Table 1-1.

blank panel wnth slide bracket for fitting b) AMBIENT OPERATING TEMPERATURE:
accessory equipment or other Kepco —20°C 10 +65°C
modular unit without front panel 0 STORAGE TEMPERATURE:
attachements. o o
FILLER PANELS ~40°Cto +85C.

d) ISOLATION: 500 Volts maximum (DC or

1) KEPCO Model RFP 22-—1, to cover .
. . p—p} may be connected from chassis to
one (1) empty siot in rack cabinet . )
either output terminal.

(RA 22—6) or one of the multiple .
slot housings (CA4,CAB). h
2) KEPCO Model RFP 22—2, to cover

two (2) emply slots. 1-12 SPECIFICATIONS, PERFORMANCE .
3}  KEPCO Model RFP22-3, to cover a)  DC OUTPUT: Refer to Table 1-1. ’
three (3) empty siots. AC INPUT: Refer to Table 1-1.
CASE, KEPCO MODEL CA-1, for PCX

b) Output effect specifications for both

models only. operating modes are presented in Table 1-2.

RACK ADAPTOR (for encased PCX
models}, KEPCO MODEL RA 12-1, for one
unit {not illustrated).

RACK ADAPTOR (for encased PCX
models), KEPCO MODEL RA 134, for

four units (not illustrated). 1-13 SPECIFICATIONS, PHYSICAL

RACK ADAPTOR (for encased PCX a) Refer to FIG. 1-3, "Mechanical Qutline
models), KEPCO MODEL RA 11-6, for six Drawing’’, for dimensions, materials used,
units {not illustrated). and finish.

NOTE: With the introduction of the 1970 Catalog (B-703), Kepco has adopted new technical terms recommended
by the International Electrotechnical Commission (IEC). These terms replace or supplement previously used
expressions, mainly to avoid difficulties in translation and prevent erroneous interpretations at home and
abroad.

As a beginning, Kepco will discontinue the use of the specifications entitled “‘Line Regulation” and *Load
Regulation” because of the long standing (and misleading) connotation that a power supply regulates the
line or the load, Instead, Kepco will follow the recommendation of the IEC and speak of the “"Output
Effects, caused by changes in the Influence Quantities.” The “Output Effects” are specified as before, either
as a percentage change referred to the maximum specified output voltage (Eg) or current (1) or as an
absolute change (AEq, Alg) directly in millivolts or milliamperes or both, The “Influence Quantities” are
the “Source Variations” (formerly a-c line variations), the changes in load, temperature or time as
previously specified. The illustration below will clarify the use of the new terminology.

INFLUENCE QUANTITIES

1) SOURCE VARIATIONS

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

POWER SUPPLY
LOAD -
UNDER TEST t —
EoORIo
1
A
/ OUTPUT EFFECTS: (AEq, Alg) \

1} DUE TO SOURCE VARIATIONS (Formerly LINE REGULATION)
2) DUE TO LOAD VARIATIONS (Formerly LOAD REGULATION)

3) DUE TO TEMPERATURE {COEFFICIENT, NO CHANGE)
4) DUE TO TIME {Formerly STABILITY)
1-2 PCX/MAT/36-70




D-C OUTPUT OUTPUT IMPEDANCE AC INPUT
RANGE OHMS + MICROHENRIES MAX INPUT
MODEL AMPS
vouts | ames | ocTotoonz | 10042 1KHZ at125 VA-C
TO100KHZ | TO 100 KHZ -

PCX 7-2 0-7 0-2 0.2x 103 0.02 0.1 +1ph 0.50
PCX 7-2MAT 0-7 0-2 0.2x10°% 0.02 0.1 +1ph 0.50
PCX 15-15 0-15 0-1.5 05x1073 0.02 0.1 +1ph 0.65
PCX 15-1.5MAT 0-15 0-1.5 0.5x 103 0.02 0.1 +1ph 0.65
PCX 21-1 0-21 0-1 1x103 0.02 0.1 + 1ph 0.45
PCX 21-1MAT 0-21 0-1 1x103 0.02 0.1 + 1pth 0.45
PCX 40-0.5 0-40 0-0.5 4x103 0.02 0.1 +1gh 0.40
PCX 40-0.5MAT 0-40 0-0.5 4x1073 0.02 0.1 + 1ph 0.40
PCX 72-0.3 0-72 0-0.3 12x 1073 0.02 0.1 +1ph 0.45
PCX 72-0.3MAT 0-72 0-0.3 12x10° 0.02 0.1 +1ph 0.45
PCX 100-0.2 0-100 0-0.2 25x 107 0.02 0.4 +1ph 0.45
PCX 100-0.2MAT | o-100 0-0.2 25x 1073 0.02 0.1 +1ph 0.45
PCX 200-0.1 0-200 0-0.1 100 x 103 0.02 0.2 +1ph 0.45
PCX 200-0.1MAT | 0-200 0-0.1 100 x 10° 0.02 0.2+ 1ph 0.45

TABLE 1-1 OUTPUT/ANPUT SPECIFICATIONS, PCX, PCX-MAT POWER SUPPLY MODULES

VOLTAGE AMPLIFIER

SPECIFICATION OUTPUT EFFECTS OUTPUT EFFECTS OFFSETSTH™ R\:;E;ngg
VOLTAGE CURRENT OFFSET OFFSET | | iernanesss
MODE MODE** VOLTAGE | CURRENT
FAL-0 JA\IPN

OUTPUT RANGE: 0-100% E o max. 1 mA—100% I, max. Fixed 6.2V¥5%
SOURCE: 105--125/210—150V AC <0.0005% <0.005% <10 puv <2nA 0.0001%
LOAD: Notoad — full load <0.005% or 0.2 mV"* <0.01% <200 uv <5nA
TIME: 8-hours (drift) <0.01% or 1 mV* <0.02 <20 uv <2 nA 0.005%
TEMPERATURE: Per °C <0.01%*** <0.02°°* <20 puv <5nA 0.005%
RIPPLE: {rms) <0.t mVv <0.02% of 15 max.

*Whichever is greater.

»* Rated Sample” is 1 voit DC across an external current sampling resistor having a temperature coefficient of 20 ppm

{maximum). An external current control resistor with similar specifications must be used.

s+ +pCX (PCX—MAT) Models with suffix “T* have a temperature coefficient of <0.005% of Ey max. per °C and <0.01% of
i max. per °C in the respective operating modes.

evesQffsets and the reference contribute to output effect A, by the equation AEq = AE ef(Ry/R;) T0E (1 + Re/R;) ARy}
where Ry is the feedback resistor and R; is the input resistor from the signa! reference. Use the offsets to calculate output effects
when external input/feedback etements are substituted for the internal reference and voltage control in programming

applications.

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

PCX/MAT/36-96

1-3




RAYTHEON 276-1569G6 — -

RAYTHEON 276 -1569G4 ——-_

«—- {2} SOUTHCO FASTENER

N 6-32x 3
(4.8} .u%uu_
3 N
6 ~lga J
N |
Y Cp—— Ty
f _
O ®
voLT
AR A W .
hww uuwu
H23 0l {132 6}
__u
&
130 8}
B - .
Lo
& oo bty - VOLTAGE
72 (38.4) CONTROL
2B
170.6}

(178)

‘_|m|:l e e e e 14 B 3794 -

i
d B
1]
]

v 11 [ LI ] *
_’_mlo.x
»_,m_u: fE— _um:o;o. U U s — \ll;iﬁ»WS
(3 Ew ..:0».1(:!.:[!‘; e _awﬂ:mu 9]~ e e e —~ W: 81014
8 ‘
T >
pA— ® @DD 0 OO GD ED ® usn
. 00 0o 0o 0o 0o u
D ‘D :w:N
- T o000 OO 0D U0 00 @
.Ian . Clu DD DD DD DD SD @ 22 2f
= . -
HLT alﬂ._u:
NOTES

REAR CONNECTOR FUNCTIONS {P1)

b} HOT
2) NEUTRAL > AC LINE

3) GROUND
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6) (+)OUTPUT
7) KEY-NO CONNECTION
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1 g,

12) R

THIS DRAWING IS USED FOR MODELS' PCX7~2MAT, PCXI5S~1.5MAT,
PCX21~1 MAT, PCX40—0.5 MAT, PCX72—0 3 MAT AND PCXIO0 -02 MAT
2. MAT'L. A} ADAPTOR BRACKETY | 16 GAUGE COLD ROLLED STEEL,

B) FRONT PANEL . 1/8 THICK ALUM. |

C) CHASSIS | 178 THICK ALUM.

w

FINISH A) ADAPTOR BRACKET . CADMIUM PLATE WITH A CHROMATE WASH

B) FRONT PANEL  LIGHT GRAY PER FEDERAL STD. 535 COLOR NO 26440

€} CHASSIS BLUE ANODIZE
4. REFER TO KEPCO CATALOG FOR DETAILED SPECIFICATIONS
5. FUSE DATA .
1) NS VAC LINE. 0BA—-SB
230 VAC LINE 04A-SB
2) SLOW BLOW TYPE FUSE REQUIRED

ALL MODELS

6. PRINTED CIRCUIT BOARD CONNECTOR MATES WITH KEPCO MODEL PC -1 AND OTHER
KEPCO ENCLOSURE TERMINATIONS, EQUIVALENT TO METHODE MODEL CD-612~5-P7

DIMENSIONS WITHIN PARENTHESES ARE IN MILLIMETERS.
TOLERANCES;
A) BETWEEN MOUNTING HOLES ¥ 1/64 INCH (£0.4 MILLIMETER )
B) ALL FRONT PANEL DIMENSIONS | SEE MILL STD. 189
C} ALL OTHER DIMENSIONS | % 1/32 INCH (108 MILLIMETER

@ ~

FIG. 1-3 MECHANICAL OUTLINE.

- 3 Hoen

a3
- 25t

INTERNAL
CONTROLS
- Ei NULL

o Lyjmiy ADY

PCX/MAT 6-474
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SECTION 1l — INSTALLATION

2.1  UNPACKING AND INSPECTION

2.2 This instrument has been thoroughly inspected
and tested prior to packing and is ready for
operation, After careful unpacking, inspect for
shipping damage before attempting to operate.
Perform the preliminary operational check as
outlined in paragraph 2-11 below. if any
indication of damage is found, an immediate claim
with the responsible transport service must be
entered.

2.3 TERMINATIONS
a) ERONT PANEL: Refer to FIG. 2-1
(PCX—MAT only).
b) REAR: Refer to FIG. 2-2.
c) INTERNAL ADJUSTMENTS: Refer to
Table 2-1.

AC POWER SWITCH/PILOT LIGHT

QUTPUT VOLTMETER (M101}, J-’ f COMBINATION (SDS101)

MONITOR § OUTPUT VOLTAGE
0—Eg max.

OUTPUT CURRENT METER, MONITORS

FRONT OUTPUT TERMINALS —
OUTPUT CURRENT O~ max.

10 TURN OUTPUT VOLTAGE CONTRQL {R101}

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

REAR BARRLER STRIP (TB?)
ON PCX MODELS ONLY.

PRINTED CtRCUIT BOARD, TOP VIEW
PCX, PCX~MAT GROUPS, REAR TERMINATIONS

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

d é é g ; g E B W RACK MOUNTS.
! s €7 88 B o *EXTERNAL VOLTAGE CONTROL
3 (Ryc) NEEDED FOR PCX MODELS.
WA S JUMPER (8)-(9) NEEDED FOR
|5 (3 2 ey 2| £ PCX—MAT MODELS.
w O S x| @
z % s} == .
3 Sl %l IMPORTANT NOTE:
TO AC INPUT - PCX MODELS ARE EQUIPPED WiTH
SOURCE E’) - e z w o MINIATURE BARRIER STRIPS [TB1}).
22 2 Z © W O ALLJUMPER LINKSON TB1 MUST
25 5 2 5 5> @ BEREMOVED BEFORE THE UNIT IS
2 2 9 2 Z & U CONNECTEDTO THE ADAPTOR.
-~ - : * : Z " THE NECESSARY JUMPER LINKS ARE
3 i THEN CONNECTED ON THE ADAPTOR
H ONLY AS SHOWN.,

FIG. 2-2 REAR TERMINATIONS,
PCX AND PCX—MAT GROUPS

REFERENCE ADJUSTMENT PURPOSE ADJUSTMENT

DESIGNATION PROCEDURE
R19 Io LIMIT OVERLOAD CURRENT CONTROL PAR.5-11
R24** Eio NULLING ZERO OFFSET VOLTAGE PAR. 312
R28" Ryc VOLTAGE CONTROL PAR.5-10
R27°** \p ADJUST CONTROL CURRENT ADJUSTMENT PAR. 312

*MODELS WITH PREFIX "8000” ONLY.
**MODELS WITH SUFFIX “E” ONLY.
*+*MODELS WITH SUFFIX “R” ONLY.

TABLE 2-1 INTERNAL CONTROLS

PCX/MAT/36-70

2.4 AC POWER REQUIREMENTS

2.5 PCX and PCX—MAT power supplies are normally
delivered for operation on a single phase, 105 to
125 V AC source, 50 to 65 Hz. For operation on
210 to 225 V sources, the jumper connections on
the main transformer (T201) must be changed as
shown in FIG. 2-3

2-6 PROCEDURE:

a) Disconnect power suppily from AC input
source.

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 (Stow Blow

Type).

yY—

230V AC OPERATION
ONE (1) JUMPER BETWEEN
{B)-1C}

PRINTED CIRCUIT BOARD

A Blc [}
QQQ9 TOP VIEW
115V AC OPERATION

TWO (2) JUMPERS BETWEEN
{A}—{B} AND (C}-(D)

FIG.2-3 CONVERSION TO 230 V AC LINE OPE RATION
2.7 SAFETY GROUNDING

2.8 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 outlet
are 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 (via P1-3) must be returned to a
good AC ground.

2-9 SIGNAL GROUNDING

210 The negative output terminal of the
PCX/PCX-MAT power supply is connected to the
chassis via a resistor/capacitor network (R17, Ch).
If the power supply is therefore properly safety
grounded (see par. 2.7}, a signal ground is
provided automatically. {f this internal signal
ground is not desired, either output side may be
signal grounded externally. The internal grounding
network may be opened by removing either R17
or C5 from the printed circuit board. (Refer to
FIG. 6-1.)

2-11 ISOLATION

2.12 The DC output terminals of the PCX and
PCX—~MAT Power Supplies are isolated from the
AC power line and from the chassis. Since no DC
connection to the chassis exists, either side of the
supply may be grounded, or a maximum of 50O V
(DC or AC peak-to-peak) can be connected
between chassis and either output terminal.



213
2-14

PRELIMINARY CHECKOUT PROCEDURE

Before final installation, a simple functional check

may be performed as described below:

a) PCX MODELS. Connect PCX to AC input
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)l 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 supplied carbon resistor connected &
cross the barrier-strip terminals should not
be used when making regulation or stability
measurement. Instead it must be replaced
by either a fixed or variable resistor having
a temperature coefficient of not more than
20 parts per million. The value of the volt-
age control resistor to be selected depends
upon the desired output voltage. For full
output voltage control from zero to the
maximum rated output voltage (Eq max.)
the value of the variable control resistor
(Ryc) should be:

Ryc (K-ohms) = Eg max./1 mA

For example, the resistor value for Model
PCX 100-0.2 would be:

Ryc (K-ohms) = ooV
ve 1 mA

100 K ohm

The selected value is connected across
terminals TB1-8 and TB1-9. Full output
control can now be exercised by varying
Ryc from zero to full value. Remove AC
input power. This concludes the
preliminary checkout.

b) PCX—-MAT MODELS. Connect to mating
device (either one of the accessories
described in paragraph 1-8) and to AC input
power. Turn AC POWER SWITCH "on”'.
(Refer to FIG. 2-2 for the location of the
front panel controls.) AC POWER
INDICATOR light (part of AC POWER
SWITCH) should energize. Turn VOLTAGE

2-2

215
2-16

217
2-18

CONTROL slowly clockwise and observe
the increase of the output voltage on the
panel meter (M101). The output should
increase smoothly from zero to the
maximum rated output voltage of the
model under test. Shut AC POWER
SWITCH "off."" This concludes the
preliminary checkout.

REAR BARRIER STRIP ON PCX POWER SUPPLY

P00 o0 om0 0 O e

Bvc

—

B1

Eo 1/4 W RESISTOR SUPPLIED
WITH UNIT. DO NOT USE FOR

+
TO AC LINE CRITICAL MEASUREMENTS.

[Eo = RyctK-OHMS) x IMA}

FIG. 2-4 OPERATION CHECK PCX

INSTALLATION

KEPCO modular, plug-in type power sources offer
a wide variety of mounting possibilities (Refer to
par. 1-8, "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.
Perforated 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 to 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.

PCX/MAT/36-70
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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 all
mounting accessories), the unit may be connected
1o the AC input power and is ready for operation.

The load shouid be connected as shown {on
PCX—MAT models, the load may be connected to
the front terminals). Error sensing, as described
pelow (Refer to paragraph 3-5) is recommended
to insure specified performance directly at the
load. Standard jumper link connections for local
control are shown in FIG. 3-1 below. All load
connections and jumper links must be tight and
secure for proper operation. |f 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 MODELS ONLY.

PRINTED CIRCUIT BOARD, TOP VIEW
PCX,PCX—MAT GROUP, REAR TERMINATIONS

N

g 101

2 3 4 5 6 7T 8

89 10U

~
w
]

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

T
DN
| KW

\ AN

&
&
S
X

w ééw AND RACK MOUNTS)
s

4 5 6 8 |

~
3

i

TO AC INP!

Ext.
Ryc”| *EXTEANAL VOLTAGE CONTROL

{Rycl, NEEDED FOR ALL MODELS PCX.

HOT
NEUTRAL

GROUND
(-OUTPUT
COMMON

1+ OUTPUT
INTERNAL
INTERNAL

PCX—MAT.
UT POWER

[+)6.2V REF.

NULL JUNCTION
REF. RESISTOR

(+)SENSING

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
to FIG. 3-1. AC line connections (as shown in
FIG. 3-1) have been omitted in order to simplify
the presentatior.

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
plug barrier strip and normally connected to the
output terminals {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)

Remove jumper links between terminals
(4)-(5) and (6)-(7).

Use twisted wire, AWG#18 for the error
sensing leads and twisted load 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 (),
the positive error sensing lead (7) to the
positive load wire (6).

a)

b)

REMOVE
LINKS
PC2

t

0 @0 co oo e oo

) )

W)

\— TWISTED
PAIR

EIG. 32 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 10
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 1o
connect the load before connecting the sensing
wires and conversely, remove the sensing wires
before removing the load leads.
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INTRODUCTION TO REMOTE
PROGRAMMING ( Refer to FIG. 3-3)

A few general remarks may be in order to
familiarize the user nf 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 cutput
voltage towards restoration of bridge balance.

Ip = BRIDGE CURRENT

A NULL JUNCTION

REFERENCE Ry
RESISTOR

COMPARISON

AMPLIFIER

s Y
b

Ryc VOLTAGE CONTROL

A

Ey UNREGULATED
SQURCE

(=)

f

ZENER DIODE)

AX OUTPUT g,
AEFERENCE VOLTAGE E "\ P ) VOLTAGE
(EXTERNALLY ENERGIZED AV €, pass ELEMENT
Al QO+

COMMON POINT

F1G. 3-3 KEPCO POWER SUPPLY AND

COMPARISON BRIDGE CIRCUIT

310 EQUATIONS SHOWING THE OPERATION OF

THE KEPCO BRIDGE

311 The following relationships govern the operation
of the Kepco Bridge at balance, i.e., with
Vaa'=0:

a B -Rw
Er Rr
fi = lp (2)
Rr
Eo = IbRve (3)
Where: Eg = Output Voltage
Er = Reference Voitage
Rr = Reference Resistance
Ryc = Control Resistance
lp = Bridge Current

32

NOTE: For all

3-12
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b)

c)

d)

The ratio of the number of ohms
control-resistance needed per volt output is
termed the ""CONTROL RATIO”, 1t is
nominally 1000 ohm/Volt in the PCX and
PCX—MAT Power Supplies.

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:

E

E = -——r— X R

o) Rr vC

E . .
The ratio _RL constitutes the bridge current

r

lp. Ef/Rr=Ip (Eq.2)

Therefore, we can write: Eg=IpRyc (Eq.3).
Making |p 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.

e) Rewriting Equation (1), Eg = E,——gc-

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 ‘Supply Handbook”, available from
your Kepco Representative or directly from
the Kepco Applications Engineering
Department.

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
Eog, 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 (ip) 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
sero. However, a s:nall 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
foliowing paragraphs.

NOTE: The external control rheostats (RT = “External

314

3-16

Ip Control” and R, “External Zero Controi™)
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 34,
3-5 and 3-6.

METHOD #1 (ACCURACY DEPENDS ON
MILLIAMMETER AND Ryg)

EQUIPMENT REQUIRED:

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

b) Precision resistor 1 K ohm £0.5% or better.
(Rye)

c} Multimeter or other voltmeter for null
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
{Ry). (May be omitted if Model has VEY
suffix).

ol
pc2 P SV — . LINK

G. 3-4 PROGRAMMING RATIO CALIBRATION
METHOD #1

PCX/MAT/36-70
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3-16

317

318

FIG.

PROCEDURE:

a) Connect calibration set-up as shown in
FIG. 34.

b) Connect PCX or PCX—MAT Power Supply

to AC input source. With SW-1 open,
approximately 1volt wili be read at the
output voltmeter, M-1.

Adjust Rt {Ext. Ip control)
milliammeter M-2 reads exactly 1 mA.
Disconnect power supply from the AC
input source and mark zero reading of
output voltmeter and reconnect 10 line.
Close SW-1 and adjust Rz (External zeroing
control) exactly to this established zero
point.

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

c} until

d)

e)

f)

METHOD #2 (ACCURACY DEPENDS UPON
CELL AND Ryc)

EQUIPMENT REQUIRED:

a) Mercury cell, 1.35 V.

b) Precision resistor 1.35 K £0.1%. (Ryc)

c) Multimeter or other voltmeter as a null
indicator. (M1)

d) DPDT switch. (SW-1)

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

f) Rheostat {(External zero adjustment)

0-200 £ (Ry) (May be omitted if Model has
"E" suffix).

EXT. JUMPER NEEDED

/ FOR PCX—-MAT ONLY.

____________ ~
1

©® 99

RT
1kQ

PC2

) Ry {Ip ADJ}
SW-1 {ZERO ADJ.)
1 2 1] 2
- e
138V 130 2
0%

3-5 PROGRAMMING RATIO CALIBRATION,
METHOD #2

PROCEDURE

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

b) Connect power supply o AC input source.
With SW-1 in Pos. 1, adjust Ryt (external
Ip control) to zero volts on the null meter.

c) Transfer SW-1 to Pos. 2. Adjust Rz

(External zero control) to zero volts on the

null meter.

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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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 £ maximum (Ryc).
c} Single Pole, single throw switch (SW-1)
d) Rheostat {External I 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.
EXT JUMPER NEEDED
FOR PC)(/—MAT ONLY.
oc2 e __/;' REMOVE
! ) H /7 L
000 b b0 0 0 0
i T
) [ {ip ADY.}
PRECISION SW-1 R,
VOLTMETER 2009

(ZERO
ADJ)

F1G. 3-6 PROGRAMMING RATIO CALIBRATION
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3-23

324

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 Rt (External lp
controf) exactly 1 volt per 1000 ohms.

d) 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): Er
Eo = Rwe e
r
E
Since-l;{L = lp (Eq.2), it follows that
r

Eo = Ip Ryve (EQ.3).
Referring to Equation (3), we see that since lp 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

PC2

that the control circuit does not open during
transfer. While the steady-state current through
Ryc 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.

ON PCX—MAT ONLY)

/REMOVE LINK (PRESENT

5

OO0 Ow

t
(SHIELD ).

LOAD

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

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 Ryc between terminals (4)
and (9).

Connect Ryc 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 replaced with
PCX—MAT.

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

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

The output voltage will vary from zero to
{1 mA) x (Ryg), as Ry is adjusted from
zero to its maximum value.

CONSTANT CURRENT OPERATION

In the constant current operating mode, the
voltage comparison bridge is interconnected with
an external current sensing resistor, Rg and a
current control, Reg, (as shown in FIG. 3-8} to
maintain a constant voltage drop across Rg. In this
way, an adjustable constant load current is
obtained. Characteristic of the 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
resistartces. The range of output voltage that the
supply can deliver and simultaneously maintain
constant current, is referred to as the
“"COMPLIANCE VOLTAGE".

a)

2)

b)

c)

d)

PCX/MAT/36-70
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Rg®

Rg =

Vg3 1.0 VOLTS

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 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. |t
must be remembered that all 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.

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
Vs =1 Voltand Rec = Vs x (control ratio),

1000 ohm, _ 4400 ohms.
1 volt

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

Y REMOVE LINK {PRESENT

or Ree = Tvolt x {

FC2 ON PCX-MAT MODELS ONLY}

]
©® 0 O @0
CURRENT SENSING R t
RESISTOR

1
to IMAX.)

EXTERNAL TO
POWER SUPPLY

UNREGL}LATED

6
+
5

o¢ O

2/

FIG. 3-8 CONNECTIONS FOR CONSTANT

CURRENT OPERATION

a) Rs is chosen by: Rg = I)‘g): = 3:33.0hm
Pdiss = Vs)('max_ = 1 volt x (03 A) =0.3

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

Rec (max.) = Vg (max.) x control ratio =

1V x m\f_hms_ = 1000 ohms.

PCX/MAT/44-68

Rcc (min.) = Vg (min.} x control ratio =
0.1v x 10%00hms 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 1 volt

Rs -—m = 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.)

Rcc 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 Eo

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

Er
Eo=Er (R G), or Eg = ——— (Ry¢)
o= Er (Ryc) (G) 0= AR, Ve
Where: G = ———— = programming conductance
Rr + Ry
Eo = outputvoltage
Er = reference voltage

Ryc = control resistance
reference resistance
programming resistor

Since-E—"-= Ip and Eg = Ip Ryc, the output voltage
Rr

varies directly as |p changes. Changing Ip 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.

lp =
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PC2

Conductance programming is inherently
non-linear and a reciprocal function when
analyzed in terms of resistance. It can however be
very useful, especially over alimited range and for
small changes in output voltage. 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.

PCX~MAT ONLY) IF EXTERNAL

REMOVE LINK (PRESENT ON
[n,,c 1S USED.

© 00 O 0O Y &Y

REMOVE LINK

) )

LOAD Ruc Ax

FiIG. 3-9 CONNECTIONS FOR CONDUCTANCE

3-34

PROGRAMMING
PROCEDURE

Example: Eq desired = 3 to b volts.
a) Select Rye for maximum desired output
voltage Eq.

_ Eo BV

= 5 K ohms

1 mA

b} A change of Eg to 3 volts requires a bridge
current change of:
AE
Alp = —2 =
Rve

2 volts
— = 4 mA
5 K ohms

E
c) Since Ip, ==L = mA,
Rr

the additional resistance needed is:

|b(Rr+Rx) = Er, RX =%— Rr or
b

_ _6volts
0.6 mA
A 4K ohm, WW, low T.C. potentiometer
will change the output voltage from 3 to B
volts when varied from zero to 4K ohms.

X — 6K = 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. f a £50%
change in lp 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
(Ip) formerly delivered by the internal reference

voltage of the PCX 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:

Eo = Ej EV—C-
Ri
Where: Eo = outputvoltage to be programmed.
E; = programming voltage (input).
Ryc = voltage control resistance of the
supply to be programmed. (Ryc
can be either internally or externally
connected).
Rj = external programming resistor
{coupling resistor).
3.37 The values of the above quantities can be chosen

3-38

to suit the particular apptication, although a few
basic facts must be considered concerning their
selection. Eg is, of course, limited by the maxi-
mum capability of the supply to be programmed.
Ei can be any variable DC source having para-
meters at least as good as the desired Eg, and
being able to deliver the necessary ip. The resis-
tors Rj and Ry are selected by first determining
I, desired bridge current.

Since lp 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 uA.

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

E Ej
Rve=—21(2)  where Ip =— (4) and
) R;

E Ei {Rvc)
== x
Sy ve

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,

00 0 0 o o &

Ave REMOVE

I-Eo.l
@ ) UNK

REMOVE LINK (PRESENT ON
PCX—MAT ONLY!} IF EXTERNAL
Fye 1S USED.

FIG. 3-10 CONNECTIONS FOR VOLTAGE PROGRAMMING

3-39 PROCEDURE (Refer to FIG. 3-10)

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

PCX/MAT/36-70
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b) 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 D mA. The bridge current is
chosen to be 5 mA. We find Rycand R by
using equations {3) and (4).

Eg 30V
3) Rye=—"= = 6K
(3) Rve Ib 5mA
Ej 10V
(4) Rj =—= = 2K
b 5mA
Power dissipated in
Rvg = 30 V x0.005 A= _15W (use 1 W).

Power dissipated in
Rj=10V x.005 A =.05W (use .5 W),

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 ssmiconductor
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 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.

POWER SUPPLY NO. 1 POWER SUPPLY NO. 2

(0350

REMOVE

o

LINKS
6 L= 4 6 =17 PC2
) ) ) [+

F1G. 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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PARALLEL OPERATION OF PCX-MAT
MODULES

Two identical PCX—MAT power supplies may be
operated in parallel for increased load-current
output. Each supply isset 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 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
eurrent 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 output
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.

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 damaging currents in the
voltage control resistor as its limiting resistance

is lowered.
® &
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3-45 PROCEDURE (Refer to FIG. 3-13)
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a)

b)

c)

Connect units as shown in FIG. 3-13. Oper
SW-1 and SW-2 and connect to AC input

source.

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

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 untit currents
on M-1 and M-2 are approximately equal.

If single control of the parallel combination is
desired, a master/slave connection may be substi-
tuted for the “‘automatic’’ parallel method shown
in the previous paragraphs. If the two sensing re-
sistors are selected such that Rgp = Rgp, each
supply will deliver one half of the total load
current. The sensing resistors should drop about
0.5 volt at the maximum operating current.

3-8

POWER SUPPLY NO. 1 PC2

REMOVE LINKS
(PRESENT GNLY

ON PCX--MAT)
ONLY IF EXTERNAL
Ryc 1S USED.

AC LINE

FIG. 3-13 PARALLEL CONNECTION OF
PCX-MAT SUPPLIES

MASTER

REMOVE LINKS
[PRESENT ONLY

ON PCX—MAT)
oo ONLY If EXTERNAL
Ryc 1S USED.

TO AC LINE

FIG. 3-14 MASTER/SLAVE PARALLEL CONNECTION

-
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