INSTRUCTION MANUAL
JQE 1/2 RACK

POWER SUPPLY

AUTOMATIC TEST EQUIPMENT

©

KEPCO INC. MODEL
AN ISO 9001 Company. JQE 1/2 RACK

POWER SUPPLY

ORDER NO. REV. NO

This on-line version of the Technical
Manual includes only installation and
operating instructions. For the complete
manual, please contact Kepco.

“%5 KEPCO-.

THE POWER SUPPLIER™

KEPCO, INC. ® 131-38 SANFORD AVENUE ® FLUSHING, NY. 11352 U.S.A. ® TEL (718) 461-7000 ® FAX (718) 767-1102
email: hg@kepcopower.com @ World Wide Web: http://www.kepcopower.com




Declaration of Conformity

Application of Council directives: 73/23/EEC (LVD)
93/68/EEC (CE mark)

Standard to which Conformity is declared:

EN61010-1:1993 (Safety requirements for electrical equipment for measurement,
control and laboratory use)

Manufacturer's Name and Address: KEPCO INC.
131-38 SANFORD AVENUE
FLUSHING, N.Y. 11352 USA

.

Type of Equipment: Component Power Supply

Model No.: [PRODUCT MODEL NUMBER]

Year of Manufacture:

I, the undersigned, declare that the product specified above, when used in conjunction with the condi-
tions of conformance set forth in the product instruction manual, complies with the requirements of the
Low Voltage Directive 73/23/EEC, which forms the basis for application of the CE Mark to this product.

Place: KEPCOInc.
131-38 Sanford Ave.
Flushing, N.Y. 11352 USA

Saul Kupferberg
(Full Name)

Date VP OF SALES

(position)

228-1348 DC-COMP/INST 062389



Conditions of Conformance

When this product is used in applications governed by the requirements of the EEC, the following restric-
tions and conditions apply:

1.

For European applications, requiring compliance to the Low Voltage Directive, 73/23/EEC, this power
supply is considered a component product, designed for "built in* applications. Because it is incom-
plete in construction, the end product enclosure must provide for compliance to any remaining electri-
cal safety requirements and act as a fire enclosure. (EN61010-1CL 6, Cl. 7, CI.8, Cl. 9 and EN61010-
1 annex F)

This power supply is designed for stationary installation, with mains power applied via a detachable
power supply cord or via direct wiring to the source power terminal block.

This power supply is considered a Class 1 (earthed) product, and as such depends upon proper con-
nection to protective earth for safety from electric shock. (EN61010-1 Cl.6.5.4)

This power supply is intended for use as part of equipment meant for test, measurement and labora-
tory use, and is designed to operate from single phase, three wire power systems. This equipment
must be installed within a suitably wired equipment rack, utilizing a three wire (grounded) mains con-
nection. See wiring section of this manual for complete electrical wiring instructions. (EN61010-1 Cl.
6.5.4 and C1.6.10.1)

This power supply has secondary output circuits that are considered hazardous, and which exceed
240 VA at a potential of 2V or more.

The output wiring terminals of this power supply has not been evaluated for field wiring and, therefore,
must be properly configured by the end product manufacturer prior to use.

This power supply employs a supplementary circuit protector in the form of a circuit breaker mounted
on the front panel. This circuit breaker protects the power supply itself from damage in the event of a
fault condition. For complete circuit protection of the end product, as well as the building wiring, it is

required that a primary circuit protection device be fitted to the branch circuit wiring. (EN61010-1 Cl.

96.2)

Hazardous voltages are present within this power supply during normal operation. All operator adjust-
ments to the product are made via externally accessible switches, controls and signal lines as speci-
fied within the product operating instructions. There are no user or operator serviceable parts within
the product enclosure. Refer all servicing to qualified and trained Kepco service technicians.

228-1351 COND/CONFORM 062399



SAFETY INSTRUCTIONS

1. Installation, Operation and Service Precautions

This product is designed for use in accordance with EN 61010-1 and UL 3101 for Installation Category 2,
Poliution Degree 2. Hazardous voitages are present within this product during normal operation. The
product should never be operated with the cover removed unless equivalent protection of the operator
frorn accidental contact with hazardous internal voltages is provided:

There are no operator serviceable parts or adjustments within the product enclosure.
Refer all servicing to trained service technician.

Source power must be removed from the product prior to performing any servicing.

This product is factory-wired for the nominal a-c mains voltage indicated on the rat-
ing nameplate located adjacent to the source power connection on the product's rear
panel. To reconfigure the product input for other nominal mains voltages as listed
herein, the product must be modified by a trained service technician.

> > P

2. Grounding

This product is a Class 1 device which utilizes protective earthing to ensure operator safety.

The PROTECTIVE EARTHING CONDUCTOR TERMINAL must be properly con-
nected prior to application of source power to the product (see instructions on instal-
lation herein) in order to ensure safety from electric shock.

PROTECTIVE EARTHING CONDUCTOR TERMINAL - This symbol indicates the
point on the product to which the protective earthing conductor must be attached.

EARTH (GROUND) TERMINAL - This symbol is used to indicate a point which is
connected to the PROTECTIVE EARTHING TERMINAL. The component installer/
assembler must ensure that this point is connected to the PROTECTIVE EARTH-

ING TERMINAL.

CHASSIS TERMINAL -This symbol indicates frame (chassis) connection, which is
supplied as a point of convenience for performance purposes (see instructions on
grounding herein). This is not to be confused with the protective earthing point, and
may not be used in place of it.

RECL

3. Electric Shock Hazards

This product outputs hazardous voltage and energy levels as a function of normal operation. Operators
must be trained in its use and exercise caution as well as common sense during use to prevent accidental
shock.

This symbol appears adjacent to any external terminals at which hazardous voltage
levels as high as 500V d-c may exist in the course of normal or single fault condi-

tions.

This symbol appears adjacent to any external terminals at which hazardous voltage
levels in excess of 500V d-c may exist in the course of normal or single fault condi-

tions.

> B
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SECTION | — INTRODUCTION

SCOPE OF MANUAL

This manual contains instructions for the installation, operation and maintenance of the Kepco JQE
"HALF-RACK"’ Series of Power Supplies.

GENERAL DESCRIPTION

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

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

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

OPTIONS. Optional features of Kepco Power Supplies are indicated by a letter following the model

designation:

a) JQE Power Supplies with suffix ““E** are equipped with an “Ejo Null”” adjustment, which allows exact
zero calibration for precision programming applications.

b} JQE Power Supplies with suffix “M’"" are equipped with two dual range panel meters which permit
simultaneous monitoring of the output voltage and output current. Meter range-switches allow for fuil
scale reading of either 10% or 100% of the voltage and current cutputs.

c) JQE Power Supplies with suffix T’ have special references which improve the temperature coefficient
of the supply (see paragraph 1-11 for specifications).

d) JQE Power Supplies with suffix “VP’* are equipped with an overvoitage protector. This electrical
“crowbar” shorts the output through a silicon controlied rectifier (SCR) if the output voltage exceeds a
preadjustable limit on the protector (see paragraph 1-12 for specifications).

e) JOE Power Supplies with suffix "Y'’ are equipped with a separate control-amplifier and additional
programming terminals for remote control of the output current. Option “"E* is included with the “Y"*

option models.

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

ACCESSORIES

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

b) FILLER PANEL, to cover empty slot if RA--24 is used for one unit only: KEPCO MODEL RFP 24-2.

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

di RACK ADAPTOR (FOR ONE 1/2-RACK UNIT AND THREE 1/6 RACK PLUG-in MODELS), KEPCO
MODEL RA-32. .

SPECIFICATIONS, GENERAL

a) AC INPUT: 105 to 125V AC or 210 to 250V AC (selectable, refer to SECTION I[1}, 50 to 65 Hz,*
single phase. Refer to the table of general specifications (TABLE 1-1) for the AC input current for each

mode!. Approximate power factor: 0.9,
b}  OPERATING TEMPERATURE RANGE: (—)20°C to (+)71°C (without derating of the output).

*Consult factory for operation on power line frequencies above 65 Hz.

1-1
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¢) STORAGE TEMPERATURE: —40°C to {+)85°C.

d} COOLING: High efficiency, single bearing fan. {(permanently lubricated) with special low noise
non-metal blade.

e} ISOLATION: A maximum of 500 volts {DC or p-g} can be connected between chassis and either output
terminal. The common mode current from output to ground is less than 5 micro amps rms, or 50 micro
amps peak to peak at 115V AC, 60 Hz.

1-11 SPECIFICATIONS, ELECTRICAL
a) Refer to TABLE 1-1 and 1-2.

MAX

INPUT

dc OUTPUT OUTPUT IMPEDANCE AMPS

MODEL RANGE VOLTAGE MODE CURRENT MODE 3} lat 126

VOLTS | AMPS dc OHMS + SERIES L| dc OHMS + SHUNT C | V ac

JQE 6-22 0-6 0-22 14 ufd + 05 uH 23kl + BBKUF| 4.2
JQE 6—45 0—6 0-45 7uS) + 0.5 uH 11k + 8kuF|] 9.0
JQE 15-12 0-15 | 0-12 63 ut) + 0.5 uH 42kl + 300 puF| 4.0
JQE 15-25 0-15 | 0-25 30u) + 0.5uH 20k§L + 45kuF| 8.4
JQE 25—-10 0—-25 | 0-10 125 uf) + 0.5 uH 50k§2 + 24kufF] 5.3
JQE 25-20 0-25 | 0-20 63 uS) + 0.5 uH 25k§L + 4.3kuf | 105
JOE 36—-8 0-36 | 0-8 225uf) + 0.5uH | 625k§2 + 14kuF|] 6.0
JOE 36-15 0-36 | 0-15 120 u§d + 0.5 uH 33k + 36kuF| 95
JQE 55—5 0-55 | 0-5 550uf) + 1 uH | 100k§2 + 850 uF| 5.0
JQE 5510 055 | 0-10 275u82 + 1 uH 50k§2 + 2.1 kuFl 9.0
JOE 75—-3 0—75 | 0-3 1.25m§) + 1 uH [ 165k + 850 uF| 4.0
JQE 75—8 0-75 | 0-8 46902 + 1 pH [ 625k + 1.2kuF | 10.0
JQE 10025 | 0-100| 0-25 2mfl + 1 uH | 200k + 600 UF| 4.5
JQE 100-5 0-100 | 0-5 1.25md + 1 puH | 100kl + 600 urF| 8.4
JQE 150-1.5 0-150 | 0—-15 5mfl+ 2 uH | 330k + 440 uF| 46
JQE 150-35 | 0-150 | 0-3.5 22m{l + 2 uH | 140kl + 440 uF| 8.7

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

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

NOTE: Kepco has adopted new technical terms recommended by the international Electrotechnical Commission {IEC). These terms
replace or supplement previously used expressions to avoid difficulties in translation and prevent erroneous interpretations at
home and abroad.
in this instruction manual, Kepco discontinued the use of the specifications entitled ‘“line regutation’ and *'load regulation.”
Instead, Kepco witl follow the recommendation of the IEC and speak of the “Output Effects, caused by changes in the
influence Quantities.”” The "Output Effects” are specified either as a percentage change referred 10 the maximum specified
output voltage (Eq) or current (i) or as an absolute change (AEq, Al directly in millivolts or miltiamperes or both. The
“influence Quantities” are the "Source Variations' {formerly a-c iine variations}), the “Load Variations' (formerly load
regulation), the ""Temperature Variations” tno change, still specified as a coefficient) and the '“Time Variations” {formerly
stability). The iliustration beiow will clarify the use of the new terminology.

INFLUENCE QUANTITIES

1) SOURCE VARIATIONS

2) LOAD VARIATIONS

3) TEMPERATURE VARIATIONS
4) TIME VARIATIONS

AC INPUT SOURCE (FORMERLY "AC LINE"’

POWER SUPPLY
UNDER Eoor Io LOAD

TEST 3
ouTPuT EFFECTS (AEq, Alg)
1) DUE TO SOURCE VARIATIONS =SOURCE EFFECT . ... ... . (formerly LINE REGULATION})
2) DUE TO LOAD VARIATIONS = LOAD EFFECT ... .. ..... (formerly LOAD REGULATION)
3] DUE TO TEMPERATURE = TEMPERATURE COEFFICIENT. (COEFFICIENT, NO CHANGE)
4) DUE TO TIME =DRIFT ....c.0iveee o . .. . {formerty STABILITY)

1.2 JQE %2/3-75



b) VOL TAGE RECOVERY TIME: (for siep ioad current), <50 usec.

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

OUTPUT EFFECTS AMPLIFIER OFFSETS!Y
INFLUENCE QUANTITY VOLTAGE MODE CURRENT MODE VOLTAGE CURRENT REFERENCE
AE, Al AE, Al 6.2V £ 5%

SOURCE: 105—125/210-250V a-c <0.0005% <0.005% <owv | <2n0A 0.0001%
LOAD: No load — full load <0.005% or 0.2 mV V) <0.01% <200V | <5nA -
TIME: 8-hours [drift] <0.01% or 1mV ¢V <0.02% <0w | <2nA 0.005%
TEMPERATURE: Per °C <0.01% @ <0.02% (2 <20 WV <5 nA 0.005%
gﬂ;‘;gf g’;{‘f%?o v | <0.2mV <0.02% of 1, max - - -

(R’pple and “oise) <1.0 mV <01% Of IO max — bed —

{1} whichever is greater.
(2) Models with suffix ““T'" have 0.005% and 0.01% per °C Temperature Coefficients in the Voltage and Current Mode respectively.

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

(4) Otfsets and the reference contribute to output effect A, by the equation DE, = 0 1of (RfIR)) AEjo (1 + Re/R;) ¥ljg (Re)
where Ry is the feedback resistor and R; is the input resistor from the signal reference. Use the offsets to calculate output effects
when external input/feedback elements are substituted for the internal reference and voltage control in special applications.

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

{6) 20 Hz to 10 MHz.
TABLE 1-2 JOE {%-RACK) ELECTRICAL SPECIFICATIONS

1-12 SPECIFICATIONS, PERFORMANCE

a) VOLTAGE CONTROL CHANNEL.

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

resolution: 0.05% of the maximum rated output voltage (Eg max.). Controls output voltage from
- zero to Eg max.

2)- REMOTE OUTPUT VOLTAGE CONTROL: External control can be exercised by resistance
{1000 ohms per volt of output), or by a control voltage (refer to Section 111 for details). Control
is "operational,” with the JQE functioning as a unipolar power amplifier (plus output terminai
common).

3) OFFSETS: JOE models with suffix "“E’" and with suffix "Y"" have provisions to zero the initial
{static) offset voitage. The output effects resulting from the offset variations are specified in
TABLE 1-2. The total output effects {(worst case) may be calculated from the relationship:

where: AEg = total output voltage variation
AE, = Change in reference or input voltage
R¢ = Internal voltage control or external feedback resistor
R; = Input or reference resistor
AEjo. Aljp = Tabulated offset variations

4) GAIN: The open loop gain of the voitage control channel is greater than 0.5 X 10° volts per volt.

5) REFERENCE: 6.2 volts nominal, positive with respect to common {(+ OUTPUT), 1 milliampere
maximum.

6} REMOTE ERROR SENSING: Rear terminals provide for connection of error sensing leads
directly at the load. The four-terminal load connection compensates for the voltage drop along
the load wires. Up to 0.5 volt per load wire can be compensated using remote sensing. The supply
“output voltage is one volt greater than normally specified for this purpose.

b) CURRENT STABILIZATION. )
1) LOCAL OUTPUT CURRENT CONTROL™: 10-turn precision rheostat at the front panel.
controls the current hmit from 10% to 105% of the rated output current (1o).

»Knob controlied on all metered models {suffix "M"}. Locking type screwdriver
controls on unmetered models.

JQE ¥2/3-75




c)

d)

2)

3

REMOTE OUTPUT CURRENT CONTROL: Standard JOE models do not have provisions for
external control of the current limit. JOE models with suffix Y’ have an additional current
control channel. Separate rear terminals are provided, permitting external control {by means of
an external control potentiometer or a control voltage) over the current limit function. The
control voltage may be derived across the built-in reference voltage by means of a voltage divider
circuit, or an independent control voltage from a separate programming source can be used
(Kepco SN Programmer, for example). JOE madels with suffix “Y"" have a special addendum
section at the rear of the instruction manual. It contains directions for the operation of the
current programming function.

REMOTE CURRENT CONTROL USING THE VOLTAGE CONTROL CHANNEL: The voltage
control channel of the JOE power supply may be used for the precision control of the output
current. Using an external current sensing resistor and current control rheostat, the voltage
channel is reconnected (by means of the rear barrier terminals), to sense the drop across the
external resistor in the positive output lead. The current range achievable is approximately from
1 milliampere to 100% l¢ for standard models and from 1 microampere to 100% |, for models
with suffix “E" (see Section 11! for further details).

DYNAMICS.

1)

2)

3)

4)

VOLTAGE RECOVERY FOR STEP-LOAD CURRENT: The time required for the stabilized
output voltage to recover within the load effect band (or 2 mV, whichever is greater} is less than
50 microseconds.

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

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

OUTPUT IMPEDANCE (See Table 1-1): The DC and low frequency value is given by the
tabulated (Table 1-2) load effects. With increasing frequency, the output impedance becomes
asymptotic to the tabulated (Table 1-1) series inductance {Voltage Mode) or shunt capacitance
(Current Mode).

GENERAL.

1)

2)

SERIES/PARALLEL OPERATION: JQE models may be operated in series or paralle! modes of
operation and can be interconnected for ““Master—Slave” tracking. NOTE: JOE MODELS WITH
OPTION "VP" (BUILT-IN CROWBAR) CANNOT BE PARALLELED. SEE SECTION 1} FOR
FURTHER INFORMATION.

CROWBAR SPECIFICATIONS (MODELS WITH SUFFIX “VP“). The electronic “crowbar"”
circuit consists of a silicon controlled rectifier {SCR) and a sensing amplifier. The power supply
output is shorted by the SCR if the output voltage exceeds a pre-adjustable limit.

Adjustable Limit Range: 3 volts to Eg max.

Triggering Time: 5—10 microseconds, with adjustable delay to minimize false triggering.

Threshold: Limit point may be set to within 5% of Eo or 0.25 volt, whichever is greater. The
initial setting should account for a 2% of Eo warm-up settling effect.

Crowbar Temperature Coefficient: 0.05% of Eq per °C.

1-13 SPECIFICATIONS, MECHANICAL

1-4

a)
b)

c)

DIMENS!IONS AND FINISH: Please refer to the “Mechanical Outline Drawing,” FIG. 1-3.

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

BAIL. A retractable "'bail” is provided for convenient bench operation of the JQE power supply.

JQE ¥2/3-75
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FIG. 1-3 MECHANICAL OUTLINE DRAWING
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SECTION 11 — INSTALLATION

21  UNPACKING AND INSPECTION

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

claim with the responsible transport service.

23 TERMINATIONS

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

REFERENCE ‘ ADJUSTMENT

DESIGNATION CONTROL PURPOSE PROCEDURE
C403* Delay Adjust Adjusts Delay Time of VP par. 36
R4 Ip Adjust Control Current Calibration per. 312
R14* Ejo Null Adjust Output Voltage Precision Zero per, 3-12 1
R16,R36 Lag Adjust AC Stability Adjustment per.5-4
R19 1o max. Adjust Current Limit Control Cal, par.5-4 1
R414* V Limit Adjust (Fine) Adjusts Output Voitage Limiting par. 2-8 I

R415* V Limit Adjust (coarse} Adjusts Output Voltage Limits par. 2-8

*NOTE: Optional controls, see paragraph 1-7.
TABLE 2-1 INTERNAL ADJUSTMENTS

R14, Ejo NULL (OPTION}
R4, I, ADJ

R414] LEVEL
R4I5 ] ADJ.

c403
DELAY ADJ. RI9, To MAX.
VOLTAGE
PROTECTOR PCB.

(OPTION)

FIG. 2-1 LOCATION OF INTERNAL ADJUSTMENTS (NOT APPLICABLE TO “~HS" MODELS)

JQEV:/26-69



24 ACINPUT REQUIREMENTS

2-5 This power supply is normally supplied for operation on a single phase, nominal 115V AC line. For conversion
to 230V AC line operation, refer to FI1G. 2-2. Remove the two wire jumpers between transformer terminals
indicated. Re-connect one (1) jumper between terminals indicated. Do not change any other wiring on the
transformer., Change main fuse value (F201) to 1/2 its former rating.

——

Or FOR MODELS:

2 JQE 6-45(M)
JQE15-25(M)
|_ P03 oNE JUMPER (34)
TWO JUMPERS (23} {5-6) <] aj FOR230VAC :
FOR 115 VAC
5| (REMOVE 115 VAC
| JumpERS)
(REMOVE 230 VAC JUMPERS)
0- —
) JQE HALF- RACK PARTIAL SIDE VIEW
—
1] = FOR ALL OTHER
. =] 12rACK
TWO JUMPERS (1-2) (3-4) <] - ) JQE MODELS
e 2 S onE e e |

4

Os| (Remove 115 vac

o i
6

(REMOVE 230 VAC JUMPERS) | |
0-
b JQE HALF- RACK PARTIAL SIDE VIEW jjd

FIG. 22 CONVERSION TO 230V AC LINE OPERATION

2.6 COOLING

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

28 PRELIMINARY CHECK-OUT

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

a) Connect power supply to 115V AC line or refer to paragraph 2-4 for 230V AC operation if required.

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

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

POWER SWITCH “'off".

* AC pilot light, range switches and metering provided on models with suffix *‘M’’ only. Connect appropriate
external metering to meterless models. -
** See note following paragraph 2-9e.
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FIG. 2-3 FRONT PANEL CONTROLS AND TERMINATIONS,HALF—RACK JQE MODELS

CONTROL OR
NO. TERMINATION FUNCTION

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

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

3 VOLTMETER MONITORS OUTPUT VOLTAGE, 0-Eo max.

4 AMMETER ) MONITORS OUTPUT CURRENT O-lg max.

5 CURRENT LIMIT CONTROL ADJUSTS CURRENT LIMIT FROM O-105% 1o max.

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

7 METER RANGE SWITCH, MAY BE SET TO FULL SCALE READING OF MAXiIMUM OR
AMPERE 1/10 QUTPUT

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

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

AND LOWER ONLY)

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

JQEWM/26-69
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a) MODELS WITH LESS THAN 25A DC OUTPUT CURRENT

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

NO.

TERMINATION

FUNCTION

(=) OUTPUT

«NEGATIVE LOAD TERMINAL WITH GROUNDIN

(+} OUTPUT

*POSITIVE LOAD TERMINAL WITH GROUNDING POST

REAR BARRIER STRIP

PROGRAMMING AND MONITOR TERMINALS:

(1) {+) OUTPUT MONITOR

{2) (+) ERROR SENSING

(3) (~) OUTPUT MONITOR

(4) (-) ERROR SENSING

(5) INTERNAL VOLTAGE CONTROL

(6} NULL JUNCTION (AMPLIFIER INPUT)

(7) REFERENCE RESISTOR

(8) REFERENCE VOLTAGE

(9) REFERENCE RESISTOR

CHASSIS CONNECTION

*FLOATING GROUND LEAD TO GROUND
EITHER (+) OR(-) OUTPUT VIA GROUND POST

AC INPUT

3WIRE SAFETY LINE CORD

TABLE 23 REAR TERMINATIONS, HALF-RACK METERED MODELS

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

24

b) MODELS WITH 25A DC AND 45A DC OU'i’PUT CURRENT

C-J1aM/26-69



2-10
21

212

213

2-14

*A capdcitor-resistor network (C5
is to be grounded externally, this internal grourd can be opened

d) {(Models suffixed “-VP" only} Check the ‘crowbar’’ action of the overvoltage protector by first
adjustirlg the VOLTAGE CONTROL to about one quarter of the rated output voltage. Locate the
“Viimit" adjustments (R414,415 refer to FIG. 2-1} and turn the "Coarse’” adjustment (R415) slowly
counter! clockwise until the output voltage goes suddenly to zero as ovserved on the panel meter. Turn
AC POWER SWITCH "off". Turn the coarse “V0imit" control (R415) fully clockwise again.

e Place a short circuit across the output.* Turn CURRENT LIMIT CONTROL counter clockwise. Turn
AC POWER SWITCH “on”. Stowly turn CURRENT LIMIT CONTROL clockwise and observe the
gradual increase in output current. Turn counter clockwise until about one tenth of the maximum
output current is reached. Set AMMETER RANGE switch to the “x0.1” position. The AMMETER
should now read full scale again.

+ {CAUTION 3

1) DO NOT SWITCH TO THE “X0.1” RANGES BEFORE THE OUTPUT OF THE POWER
SUPPLY (VOLTAGE OR CURRENT) IS BELOW 10% OF THE MAXIMUM RATED VALUES.

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

INSTALLATION (Refer to FIG. 1-3 “Mechanical Outline Drawing”)

The metered JOQE Power Supply {Modals with suffix “M"} may be used as a bench-operated instrument. For
these units, a retractable “bail”’ is provided to lift the power supply front to a convenient viewing and
operating angle. If the metered JQE supply is to be rack-mounted, the bail, the two rear feet and the side
handles must be removed.

The unmetered JOE Power Supply can be directly chassis-mounted into any system. Four nylon mounting
stand-offs are provided at the bottom of the unit. 1f no additional mechanical support is provided, the unit
must always be mounted so that its weight rests on the four mounting stand-offs.

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

GROUNDING
a) AC GROUND {Models with suffix “'M'* only}. The power supply is equipped with a 3 wire safety line
plug. The third (green) wire in the line cord is connected to the chassis and the case

cord and polarized
ptor is used, it is imperative that the

of the unit. If a two terminal receptacle in combination with an ada
chassis of the power supply be returned to AC ground with a separate lead.

b) AC GROUND (Unmetered Models). The power supply is equipped with a three terminal barrier strip
for AC input. The terminal marked “GRD" is directly connected to the power supply chassis and must

be returned to AC ground.

c) DC GROUND. The DC output is isolated from the AC power line and from any direct connection 10
chassis or ground.* The maximum voltage that can be supported between either output terminal and
ground or chassis is 500V DC plus the maximum output voltage of the power supply. Either side of the
output may be grounded. Convenient grounding terminals are provided at the front panel binding post

and the rear barrier strip.

, R25) is connected from the negative {-) ocutput terminal to chassis. If the output
{ by removing C5 from the amplifier board (A1, see

FIG. 62).

2-5/2-6
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SECTION Il — OPERATION

STANDARD POWER SUPPLY OPERATION, LOCAL CONTROL

GENERAL. The Power Supply is shipped from the factory with five (5) removable jumper links in place at
the rear barrier strip (TB501) as shown in FIG. 3-1. THESE LINKS MUST BE IN PLACE AND SECURED
TIGHTLY for standard local operation. Loose terminal links or wires at the barrier strip will cause

LOAD CONNECTION. The load may be connected in any ot the two ways illustrated (FiG. 3-1,3-2). Load
connecting wires should be as heavy as practicable, since load wire voltage drops will degrade regulation
performance. Twisting of load wires will help to preserve the low output impedance of the power supply. To
keep the DC voltage drop in the load connecting wires to a minimum, and to preserve the dynamic
characteristics of the power supply (AC stability, output impedance and recovery time), load wires and error
sensing leads should be as short and as large in diameter as practicable. Both lead pairs should preferably be
tightly twisted. For minimum ripple and noise pick-up, the error sensing leads must be shielded. The shield, as
well as one side of the output (preferably the positive), should be returned to the common ground point

§ CAUTION 3

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

31
32

malfunction of the power supply.
33

{Refer to FIG. 3-2)
34 REMOTE ERROR SENSING
35

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

REMOVE LINKS

TBSO! 18501
HEAVY-DUTY REAR OUTPUT (+) HEAVY - DUTY REAR Py OUTPUT (+)
OUTPUT TERMINALS MONITOR OUTPUT TERMINALS | I} ¥ [moniTor
(+) SENSING \\ | , |HSENSING
{COMMON) \ ; i\ L._J )
(+) w11 ===
OUTPUT (—) ' {' H I OUTPUT (~)
. MONITOR | ® e R 1 MONITOR
- e
(~)SENSING it A _} 4 |(-)SENSING
L L .
g \ Rve % 5 |Rve
D \ D ]
‘\ NULL o INuLL
JUNCTION JUNCTION
Rr —0 7 R,
-) (=) ]
Er 8 |Er
FIG.3-1 LOAD CONNECTION & s |&,
AND STANDARD JUMPER LINK FIG. 32 LOAD CONNECTION

CONNECTIONS WITHOUT
ERROR SENSING

CJ—H—1/20-69
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36 OUTPUT ADJUSTMENT (Refer to FIG.'s 2-1 and 2-3 for the location of all controls)

37

a)

b)

Once the load is connected to the output terminals of the power supply as described in the previous
paragraphs, the operating voltage may be adjusted to the desired value by turning the VOLTAGE
CONTROL and observing the panel VOLTMETER.* The CURRENT LIMIT CONTROL may be set
fully clockwise, and will in this position provide over current protection at 105% of the maximum rated
output current. The CURRENT LIMIT CONTROI. may also be set to intermediate values, as desired,
by first turning the AC POWER SWITCH to the “off"’ position and then placing a short circuit across
the output. Turn AC line “on”. Now the required operating current is adjusted by turning the
CURRENT LIMIT CONTROL to the value needed plus =~ 2%. The output current will now limit
sharply at this value. After the short is removed from the output, the voltage protector can be set.

{For Models equipped with Voltage Protector only.) With the "'V Limit"’ control set fully clockwise, set
the output voltage as described above. Turn the coarse “V Limit"’ control** (R415) slowly counter
clockwise, until the power supply output “‘crowbars”, indicated by the output voltage going to zero and
the circuit breaker shutting off. Turn the fine “V Limit"' control (R414) slightly clockwise. The amount
of "threshold” or difference voltage between operating voltage and the limiting point, is determined by
this fast adjustment, which should therefore be made with the ‘'fine”’ control, R414. A too close
adjustment towards the operating voltage may lead to spurious triggering, especially if the “delay”
adjustment is set for maximum sensitivity. The minimum “‘threshold’’ voltage adjustable is 0.5 volt.)
Adjust the “delay” capacitor (C413) if required. This control is factory adjusted for maximum
sensitivity, consistent with reliable operation withott spurious triggering. it needs re-adjustment only if
extremely sensitive loads must be triggered in the st ortest time possible and if some spurious triggering
can be tolerated. Now the load can be connected to the power supply and operation can commence.

*Use external metering for metertess models.
**1f model has only a “fine"’ contro! (R414), ail VP Adjustments are made with this control.

3-8
39

32

INTRODUCTION TO REMOTE PROGRAMMING

GENERAL. A few general remarks may be in order to familiarize the user of this equipment with the
terminology and basic equations pertaining to remote programming of Kepco Power 3upplies. 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 (Ey) creates an
error signal (e) which, by means of negative feedback and the amplifier, tends to correct the output volitage
towards restoration of bridge balance.

Ip = BRIDGE CURRENT

A

<+—NULL JUNCTION

REFERENCE

RESISTOR Re - Rye VOLTAGE CONTROL

\&6NREGULATED 4?

COMPARISON
AMPLIFIER

B U SOURCE
REFERENCE VOLTAGE , ook Eo
{EXTERNALLY ENER-  E, S
| td
GIZED ZENER DIODE) /€, PASS-ELEMENT 1
2 - COMMON POINT ?

FIG. 3-3 KEPCO POWER SUPPLY CIRCUIT WITH COMPARISON BRIDGE (SIMPLIFIED)
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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 Vp o' = 0:

a) _Eﬁ. = RA (n Where: E, = Output Voltage
E, R, E, = Reference Voltage
i = 1y (2) R, = Reference Resistance
R, Ryc = Control Resistance
E, = R, (3) lp = Bridge or Control Current

b) The ratio of the number of ohms control-resistance needed per volt output is termed the “CONTROL
RATIO. It is normally 1000 ohm/volt in KEPCO Power Supplies.

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

E
The ratio -ﬁL constitutes the bridge or control current l,,. (Eq. 2).

r
d) Therefore, we can write: E, =1y R, (EQ. 3).

Making I, a precision quantity (precision bridge current adjustment is described in par. 3-16),
establishes a precise programming ratio, so that the accuracy of E is solely dependent upon R, . This
mode of operation is referred to as “RESISTANCE PROGRAMMING’' and is covered in detail in

Par. 3-19.

R
e) Rewriting equation (1), E, = Er-f- , we can make E, the variable which controls E ..

r
This type of control is refered to as "VOLTAGE PROGRAMMING’* and is covered in Par. 3-25.

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

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

3-12 ADJUSTMENTS FOR EXACT PROGRAMMING RATIO*

3-13 Referring to euation (3): E, = 1, R, it is seen that if Iy = 1 mA, 1000 ohms of control resistance (va }is
needed for each volt of output. Making I, therefore a precision quantity the accuracy and linearity of the
output voltage will then solely depend upon R,..

3-14 Again refering to equation (3), we see that if R, = 0 ( shorted out ), the output voltage should be zero. A small
negative offset voltage {in the millivolt range) exists however under this condition at the output.

3-15 Both inaccuracies, the slightly larger bridge current (I,) and the small negative offset voltage (E;o) may be
adjusted to provide a linear and precise programming ratio. Refer to FIG. 2-1 for the location of the
calibration controls. ’ )

3-16 PROCEDURE. PRECISION PROGRAMMING RATIO ADJUSTMENT (Refer to FIG. 3-4)

a) Equipment Required:
1) Precision digital or differential volmeter (M1).
2) Precision resistor, accuracy comparable to M1, The value is not important, but must be known,
for every 1000 ohms, 1 voit will appear across M1. (R,,.).
3) Single pole, single throw switch (S1).

* Applicable for models with suffix “E’’ only.

CJ—H—F/20-69 33



St TB-501

- 0— HEAVY DUTY REAR }
U
R OUTPUT TERMINALS | Sonon
Rve (EXTERNAL)
{(+) SENSING
'I ‘Vtx 4 3 (COMMON)
VOLTAGE CONTROL
TR &) i OUTPUT(~
(Ryc) Hl @® MONITOR }
UNREG.
SOURCE
i (-) SENSING
-A ? Rve
ELEMENT | NULL
JUNCTION
Ri4 Rr
E 0 NULL (0PTION) | {+) ® I
=)
£ 4
T COMMON ¢ L\\ 8|5
L — — - - 9 |Rr
NOTE: REMOVE JUMPER LINK (5)-(6) FROM T8-501

FIG. 3-4 CONNECTIONS FOR PRECISION PROGRAMMING RATIO ADJUSTMENT

b) Connect calibration set-up as shown in FIG. 3-4 and connect the power supply to the AC power line.

c) With S1 “open”, and Ryc =5 K ohms, approximately 5 volts will be read-out on M1. Adjust R4 (b
adjustment) until exactly 5 volts are read-out on M1. '

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

e} Open S1 and check the 5 volt reading. Repeat ¢’ and "'d"’ as necessary to achieve the desired accuracy.
FIG. 3-5 below shows graphically how the programming ratio can be precision adjusted.

#7727\ I, (BRIDGE CURRENT)
2,7 ADJUSTMENT RANGE WITH R4

BK e o e [ e e e o o o
e
I & yz=-
L4

Ryc

ZERO VOLTS S
ADJ. RANGE WITH sV
€,0 NULL (RI4}

FiG. 3-6 ESTABLISHING PROGRAMMING LINEARITY
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317
318

319

320

GENERAL RULES FOR REMOTE PROGRAMMING

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

1) ~ GROUNDING. Ground loops due to multiple and indiscriminant grounding of various equipment are
the cause of the majority of complaints about “'high ripple or noise”. They can be easily avoided by
grounding the power supply at one point only to which all shielded cables and equipment cases are
connected. If possible, one side (preferable the positive one) of the power supply output should also be
grounded. Frequently, high ripple is introduced by programming sources or instruments used at the
input (null junction) although all grounding rules have been observed. This may be due to the external
instruments or source's close coupling to the AC tiné. in these cases only isolation (i.e. battery operated
devices) is the answer. |t must also be remembered that input and output of the power supply are
“common”, so that if the output is not grounded, the input source must be isolated for the maximum
out’put voltage to be programmed, plus the amount of voltage the common is “off ground™.

2) CONNECTIONS. All external connections, especially the rear barrier strip terminal screws, must be
tight. Series malfunctions may be caused by open feedback loops or programming connections.

3 INPUT SOURCES. If specified performance is expected when remote programming, external input or
reference sources must have specifications equal to or better than that of the power supply.

4) PROGRAMMING RESISTORS Programming resistors should be high quality wirewound units with
temperature coefficients of 20 parts per million or better. Their wattage rating must be at least 10 times
the actual power dissipated. Although the control current through these resistors is only 1 mA, an error
current exists when programming large voltage excursions. The magnitude of this error current equals
the change in output voltage, divided by the final resistance of the programming resistor. (If, for
example, the voltage step is from 50 volts to zero, (AEg =50 V] and the final resistance of the
programming resistor is ARyc = 2 ohms, Ipeak =25 A. The duration of the peak error current depends
upon the size of the output capacitor. Ipgak decays exponentially as the output voltage assumes the
final value. _

5) EXTERNAL SWITCHING. If step-switch devices are used in resistance programming, they must be of
the "‘make before break” variety to avoid programming infinity. Programming resistors must have a
voltage rating at least equal to the maximum output voltage of the power supply.

OUTPUT VOLTAGE PROGRAMMING WITH EXTERNAL RESISTANCE

The output voltage of the Power Supply may be controlled remotely by an external resistance, replacing the
built-in voltage control resistance which is disconnected at the rear barrier strip. The value of the programming
resistance may be calculated by referring to the transfer function derived earlier (Eq.1):

Eoc = R X —
o) vC Ry

£
Sinoeﬁr— = Ip(2), it follows that Eg = IpRyc (3)
r

Referring to Equation (3), we see that since I} is 1 mA in KEPCO Power 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.

PROCEDURE (Refer to FIG. 3-6)

a) Determine value of programmin resistor(s) for output voltage desired.
b} Using two-wire, shielded cable, connect the chosen resistors to terminals {4) and (6). Connect the shield

to thei”ground’’ terminal.
c) The output voltage wili vary from zero to {1 mA) x (Rvc), as Ryc is adjusted from zero to its maximum

value.

35
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NOTE: REMOVE JUMPER~LINK (5)~(6) FROM TB-50I

FIG.3-6 REMOTE RESISTANCE PROGRAMMING

PROGRAMMING BY CONDUCTANCE:

For special applications, the output voltage Eo can be adjusted by varying the bridgé current. The
relationship governing this type of programming is: ’ B

Eo = Er (va) (G), (Eq. 8) Where: G = — = programming conductance
r X
or
E L Eo = output voltage
Eo T —— X (va) Er = reference voltage
R, * R, R,. = control resistance-

Rr = reference resistance
R, = Programming resistor

E o .
Since =t = Ib and Eo = 'vac' the output voltage varies directly as Ib changes. Changing Ib with the help of
r
an additional resistor in series with Rr results in an inversely proportional change of lb, since now:

E

R ——
Rf+RX

This method of output voltage adj_ustment is therefore re_férred to as conductance programming.
Conductance programming is a reciprocal function when analyzed in.terms of resistance, but perfectly
proportional Co

It can be very useful, especially over a limited 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.
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FIG. 3-7 REMOTE CONDUCTANCE PROGRAMMING

324 PROCEDURE (Refer to FIG. 3-7)

EXAMPLE: Eqdesired = 3to 5volts.
a) Select Ry for maximum desired output voltage Eo.

E 5V
Ryc = —>:Ryc = — = 5Kohms.
Iy 1 mA

Set built in Ryc to 5 K ohms, or disconnect and use external resistor.
b} A change of Eg to 3 volts requires a bridge current change of:

AEg 2 volts
Alp = = = .4 mA
g 5 K ohms
. Er . . .
c) Since Iy = = = 1 mA, the additional resistance needed is:
r )
E 6 volts
b (Rr + Ry) = Eri Ry = — =Rr or Rx = ——— -6K = 4 Kohms.
b ) 0.6 mA

OUTPUT (+)
MONITOR

{+) SENSING
(COMMON)

QUTPUT (=)
WONITOR

(-)SENSING

Rve

NULL
JUNCTION

Re

Er

Re

A 4K ohm, WW, low T.C. potentiometer, connected as shown in FIG. 37, will change the output
voltage from 3 to 6 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 maximum stability in the zener reference circuit. A large departure from this
value is not advisable. If a $50% change in I, is not sufficient to achieve the desired voltage swing,

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

The output voltage of KEPCO power supplies may be controlied by an external, variable voltage source,
which supplies the necessary control current, formerly delivered by the (now disconnected) internal, fixed
reference source. This mode of operation is termed “‘Voltage Programming’. It can be mathematically

expressed by referring to basic equation {1}:

_E_g_ = ﬂ/g {Eq. 1) Solving for Eg, and designating the external programming components "'Ej, Ri”
Er Rr

R .o .
the result is: Eo = —Ei x _[.__;i?. (Eq. 5) S oo

As seen from the expression (Eq.5), if the ratio Ryc/Rj {which represents the closed loop gain of the
system) is held constant, Eq will vary linearly with Ej, the external programming voltage. The above
expression (Eq.5) is seen to be similar to the operational amplifier transfer function in the inverting
configuration. The voltage programmed power supply does in fact become a unipolar power amplifier with
pétentially very high power gain but with limited frequency response. (Refer to FIG. 3-8). The limited
frequency response is largely due to the effect of the output capacitor {Cg) acting as a low-pass filter and
preventing the output voltage (Eg) from varying rapidly. The output voltage may be varied over the fult
range, bounded on the high end by the maximum rated value. A practical example to illustrate component

selection will be given below.

T8-501
HEAVY DUTY REAR
OUTPUT TERMINALS , ! 35.’.353.””
— —_ — &+
[ ] {-) | |(+1SENSING
a —O; 2 {coumon
| WY | = ¢ "
VOLTAGE CONTROL (&1 OQUTPUT{-)
(Ryc. SET TO 5k OHus ) =]l ® /\/ 3 {aonitor -
e Ve . n
! ) 4 [(-1sensinG
L _-—
Rj
: [pasS- Ry
} 1 ELEMENT l NULL
Re oL Co ' & |suncTion
O ' |
2" |
i 0 +) ’C\ i —@ i SR
€ 1 =) 8 |er
COMMON ~
_ —_ — 9 |R,
NOTE: REMOVE JUMPER LINK L

Ri (s12v--foc\ £ )
—AVN ov @ ' (6)-(7) FROM TBS50I
FIG. 3-8 THE POWER SUPPLY IN THE OPERATIONAL AMPLIFIER MODE

Example: A power supply with a rated maximum output voltage of 15 volts is to be voltage programmed
over its full range (0 to 15V) by a triangular, positive increasing source with a peak output voltage (Ej) of
2volts, and able to deliver at least 1 mA control current. Since the required voltage gain is:
Eo/Ei = 16/2 = 7.5, the ratio Ryc/R; must also equal 7.5. If the internal voltage control is retained, in this
case, since Ryc = 15 K ohms, Rj must equal 15 K/7.6 = 2 K ohms. FIG. 3-8 shows the Power Supply as an
operational amplifier and the necessary rear barrier connections for this mode of operation.
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CONSTANT CURRENT OPERATION

A KEPCO power supply can be set up to deliver constant current by the addition of an external sensing
resistor and a current controt. In the constant current operating mode, the voltage comparison bridge is
interconnected with an external current sensing resistor, RS, and a current control, RCC { as shown in
FI1G. 39} to maintain a constant voltage drop across RS. In this way, and adjustable constant load current is
obtained. Characteristic of the constant current supply is ability to change its output voltage automatically
in order 1o maintain a constant current through a range of possible load resistances. The range of output
voltage that the supply can deliver and simultanecusly maintain constant current, is referred 1o as the

"COMPLIANCE VOLTAGE".

The current sensing resistor R is chosen to develop a 0.5 volt drop at the maximum desired current.* It is
calculated by dividing this current into 0.5 volt. The value of R is not critical and can be the nearest
standard resistance available. Several facts should be kept in mmd 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 veiw of the power dissipated across it. It must be remembered that all the
joad current is flowing through R and the input to the regulator is connected across it. 11 is therefore vital -
that all extraneous changes across R 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. In practice, R is usually selected for a 0.5 volt sample at maximum output current desired.
*|f more than a 10:1 ratio of output current is needed, several values of R should be selected and switched in

or out as required.

* For KEPCO Power Supply with maximum rated output currents of 5A DC or less, a 1 volt sample at the maximum
desired current should be used.

MEASUREMENT OF
REGULATION & RIPPLE

EXTERNAL CURRENT (-){\ AW T8-501
CONTROL (Re¢e) .
A h OUTPUT (+)
m ] HEAVY DUTY REAR l@: ! Tuonor
OUTPUT TERMINALS
U - - - ] ~ Nl , [+ sensing
Jvtl I@,‘ 2 (COMMON)
VOLTAGE CONTROL 3 QUTPUT (—)
! {Ryc}) =il SEneG MONITOR
I UNREGE' RESISTOR
/] & SOURC (~) SENSING
-l l e
o -A L [7q Rve
" L
bass- ¥]co
R ELEMENT NULL
! r . JUNCTION
e b
1 &) SEE NOTE
r - Er
T COMMON
L_ - — Ry
NOTE: REMOVE JUMPER LINKS (1}—(2}
& (5)-(6) FROM TB-50t
FIG. 3-9 CONSTANT CURRENT OPERATING MODE
NOTE: Rs should be physically located as close to the
{+) output terminal of the power supply as possibie. If,
however, long output and sensing leads cannot be
avoided, the (+) terminal of the output capacitor (Co)
must be internally reconnected from the (+) sensing to
the (+) output terminal.
39
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The current control resistor, R__ is chosen on the basis of the control ratio of the Kepco comparison bridge,
and V_ the maximum voltage across Rs. If Rs was selected for 0.5 volt drop, then Vs = 0.5 volt and

Rcc = Vs times (control ratio), or

1000 ohm
R = 0.bvolt x
cc volit

= 500 ohms. A high quality, fow T.C. (20 PPM) resistor is recommended

for Rcc.

PROCEDURE (Refer to FIG. 3-9)

The actual component calculation for current regulation is perhaps best shown by a practical example. A
KEPCO Power Supply with a rated muximum output current of 50 A DC is to be set up for current
regulated output from 5A to 50A (1:10 ratio).

0.5 volt
R_isch by: R = = 0.01 ohm.
a) s is chosen by s 50 A
Pdiss = Vs X Imax. = 0.5volt x (B0 A) = 25 watts. (use 250 watt)

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

b)  The control resistance R cc is found by calculating its limits:

1000 ohms
= 500 ohms.

Rcc {(max.) = Vs (max.) x controlratio = 05V x

1000 ohms

= 50 ohms.

Rcc {min.} = Vs (min.) x control ratio 005V «x

As Rc is therefore varied from 50 ohms to 500 ohms, the regulated current will vary from 5 to
50 mA. The compliance voltage will change in the same ratio (10:1), its absolute value depending on
the load resistance used.

c) A large output current range (1 mA to 50 A) could be covered if three separate sensing resistors were
to be calculated on the basis of a 0.5 volt sample at maximum current:
a) R!_(For51t050 A} = 0.5V/50 A = 0.01 © (250 watt)
b} R, (For 0.5 to 5A) = 0.5V/5A = 0.1 £ (25 watt)
¢} R® {For0.05mAto 0.5A)=0.5V/0.5A=18 (2.5 watt)
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SERIES OPERATION OF KEPCO POWER SUPPLIES

GENERAL. Kepco Power Supplies 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. 3-10. 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.

Two basic series connection methods are generally used, the “’Automatic Series Connection”, as illustrated in
FIG. 3-10, and the ‘‘Master-Slave’ connection, shown in FIG. 3-11. The basic difference between these two
alternate methods lies in the manner of the output control. While in the "Automatic’ connection the outputs
of both supplies may be contrplléd individually, in the *Master-Slave’” connection, control is exercised from
the ““Master” supply alone, while the “Slave”’ supply follows the master command in a ratio which may be
pre-determined by the user. The latter method of series operation is therefore frequently termed “Automatic

Tracking”.

PROCEDURE FOR AUTOMATIC SERIES CONNECTION

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

b) Connect protective diodes across respective output terminals.

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

practicable, and should be twisted and shielded.
d) Turn supplies on and adjust voltage on either control as required.
The *“Master-Slave’* series connection method is illustrated in FIG. 3-11. As seen from the figure, the reference
voltage (Ey) of the “Slave” supply is disconnected and its input or null junction is connected to the output of
the “Master’’ supply via the tracking resistor {R¢). The “Slave” supply output is thus completely dependent
cn the “Master” output voltage: '

Rvcs

Eos = Eom R where:  Eom = Qutput Voltage, Master
“Eos = Output Voltage, Slave
Rt =  Tracking Resistor

Voltage Control Resistance, Slave

L1}

Rvcs

As evident from the equation above, if the tracking resistor (R¢) value is equal to that of the voltage control
resistor of the “Slave” supply (Rvcs), @ "'tracking ratio of 1:1 is achieved and the output of the “Slave” will
equal that of the “Master”. If a single load is connected to the series "Master-Slave” combination, twice the
“Master” output voltage is applied to it. If separate loads are connected, identical voltages are applied to the
individual loads. ' e '

The ratio Egs/Eom can be readilv changed if the ‘application so requires by simply altering the value of either
Rycs or Ry. In practice, since Rycs is the ten-turn voltage control rheostat of the "“Slave”” supply, the tracking
resistor (Ry) is selected for the. d_ésired tracking ratio. The value of Rycs is determined from the parts list and
Rt is selected accordingly to‘;-ihe selected ratio. For a 1:1 ratio Ry = Rycs, for a 1:2 ratio, Ry = 1/2 Rycs etc.

PROCEDURE FOR MASTER-SLAVE SERIES CONNECTION
a) Connect load as shown in FIG. 3-11. Keep voltage drop in the load wires as low as possible by using

heavy gage wire. ' _ o .
b) Connect protective diodes across the respective output terminals.
c} Remove jumper links as shown (FIG. 3-11) and connect error sensing leads if remote sensing is desired.

Sensing leads should be twisted and shielded.
d)  Select value of the tracking resistor (R¢) and connect with shielded wire as shown (FIG. 3-11).

e) Turn supplies ““on’’, and adjust output voltage on the *Master” Voltage Control as desired.

31
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FIG. 310 AUTOMATIC SERIES CONNECTION OF KEPCO POWER SUPPLIES
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FIG. 3-11 MASTER-SLAVE SERIES CONNECTION OF KEPCO POWER SUPPLIES
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PARALLEL OPERATION

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

EMERGENCY SITUATIONS. Sometimes a situation arises where additional output current is required and only
power supplies with lower than required current ratings are available. In these cases, the power supplies can be
paralleled if the crowbar circuit in each unit is disabled. Refer to the component location drawing for assembly A4
(Section VI of this manual) and remove R402 from the overvoltage protector assembly (A4). If overvoltage
protection is considered essential in the application at hand, a separate crowbar circuit, rated for the tota/ output
current in the parallel connected power supplies must be used. (Refer to Kepco VIP models.) Two basic methods of
paralleling power supplies are described in pars. 3-41 to 3-46. USE PARALLELING IN EMERGENCIES ONLY.

CROWBAR CIRCUITS MUST BE DISABLED.

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

342 GENERAL. As in the previously described “series” connections, an “‘Automatic”’ or a “"Master/Slave"
connection method can be chosen. The choice between the two methods will depend on the application at
hand. For constant loads or small load variations (load changes smaller than the maximum output range of a
single power supply), the “Automatic’ parallel connection can be used. For load changes exceeding the
maximum rating of a single power supply, the "“Master/Slave’” method is suitable. For either method, some
general rules should be observed:

1) Parallel only supplies which can be adjusted to the same compliance (output) voltage.

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

3) Load wires should be as short as practicable. Select wire gauge as heavy as possible and twist wires
tightly. Approximately equal lengths of wire should be used.

4} Common a-c power source '‘turn-off"’ for all supplies is recommended.

3-43 AUTOMATIC PARALLEL CONNECTION

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

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

2) Without connecting the power supplies to the load or to each other, turn a-c power ‘‘on,” and adjust
the output voltage on each supply to the required compliance vo!tage.

3) Adjust both "current’’ controls to their maximum (extreme clockwise) position. Turn a-c power “off.”

4) Make all load interconnections as shown in the connection diagram {refer to FIG. 3-13) except the error
sensing connections (these connections may be added later if needed).

5) With the individual a-c power switches of the two power supplies in the “on” position, turn common
a-c power switch “on.” Observe output current meters on both units. Since the initial output voltage
adjustments were not identical, one of the power supplies (to be designated SUPPLY #1) will be at a
slightly higher output voltage than the other (to be designated SUPPLY #2). Consequently,
SUPPLY #1 will deliver its maximum load current and will operate in the current limit mode. The rest
of the load current is delivered by SUPPLY #2, which is operating in the voltage mode.
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- 6) The “current” control of SUPPLY # 1 can now be adjusted, as to equalize the total load current

between :SU,PPLY # 1 and SUPPLY # 2, and operation can proceed. ERROR SENSING CAN
BE USED FROM SUPPLY # 2 ONLY.

NOTE: The diagram below (refer to FIG. 3-12} shows how the two power supplies operate in the parallel

mode. As seen from FIG. 3-12, load variations should be confined within the stabilization region
of SUPPLY # 2 since there is an initial adjustment error (AEO) between the two supplies.

[t >
£E ze
) MAX, RATED ] MAX. RATED x %
. OUTPUT CURRENT BAND | 8 23 OUTPUT CURRENT BAND 32w
f———— suprLY No.1 o &2 SUPPLY No.2 oS82
- It £ 2
g = s &

it

N

BETWEEN SUPPLY No.|

DIFFERENCE VOLTAGE
AND SUPPLY No.2

OUTPUT VOLTAGE SUPPLY No.l

OUTPUT VOLTAGE SUPPLY No.2 ‘:

CURRENT LIMIT SUPPLY No.2

. CURRENT LIMIT SUPPLY.No.t

OUTPUT CURRENT Io —

FIG..' 3-12 “AUTOMATIC"” PARALLEL CPERATION (TWO SUPPLIES).

345 MASTER/SLAVE PARALLEL CONNECTION. Two power supplies are shown in FIG. 3-14, although more
can be paralleled, each._dnit requiring its own sampling resistor. The sampling resistors (Rsl'Rsz in FIG. 3-14)
are of equal value and are selected such that the voltage drop across them (due 1o the output current), plus
the voitage drop in the load connection leads does never exceed 0.5 volts. |f the voltage drop across the load
connecting leads alone is at least 0.1 volt, the sehsing resistors can be deleted since the leads provide the
necessary sample voltag’q, For equal current sharing, however, the lead length and diameter should be the
same for both power subplies. Output control is exercised from the ““Master’ supply.

346 PROCEDURE FOR “MASTER/SLAVE" PARALLEL OPERATION (See FIG. 3-14)

1

2)

3)

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

Make all load and sensing connections as shown in FIG: 3-14. The error sensing connections may be
deleted if the minor voltage drop across the load wires {(which subtracts from the avaitable compliance
voltage) can be tolerated.

With the individual a-c power switches of the two power supplies in the “on" position, turn the
common a-c power switch “on’’. Observe output panel meters on both powers supplies. Adjust output
control on the "Master” supply, such that both supplies share the load current equally.
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FIG. 3-13 BASIC PARALLEL CONNECTION OF TWO KEPCO POWER SUPPLIES
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FIG. 3-14 MASTER SLAVE PARALLEL CONNECTION OF KEPCO POWER SUPPLIES
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