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OPERATOR MANUAL CORRECTION
@BE KEPCO.

JQE 55-20MPVY MODEL

—=—= THE POWER SUPPLIER™

1. Digital Meters

JQE models with the suffix DM indicates that the unit has digital meters in place of the analog meters.
(NOTE: analog meters are no longer available.) Voltage meter accuracy is 1%; current meter accuracy is
1.5%. Meter range selector switches are no longer needed with the digital meters and have been
removed on DM models. Refer to Figures 2, 3 and 4 for front panel views of the quarter rack, half rack,
and full rack DM models.

2. ADD PAR. 1-8A

1-8A ACCESSORIES

a) Mounting brackets for rack installation (supplied, see Figure 2-5 for installation instructions).

b) Side Support “L” Bracket P/N 128-1775 mounts to vertical rails to provide additional side support for
rack-mounted models.19.6 in. long x 2.3 in. high x 3.5 in. wide. Two (2) required per unit.

FIGURE 1. SIDE SUPPORT “L" BRACKET P/N 128-1775

3. SECTION lll Correction

The instructions throughout Section Il are based on a value of the front panel VOLTAGE control (R102)
that requires an I, of 1mA and a corresponding CONTROL RATIO (Kc), also referred to as Programming
Ratio, of 1000 Ohms/Volt.

To allow for the fact that the value of R102 may now be different, use the following procedure to deter-
mine the actual |, and the corresponding CONTROL RATIO (1/l )

1. Turn the unit off and disconnect unit from source power.

2. Remove the link between positions 5 and 6 of TB501 (for JQE quarter rack models: remove link
between positions 6 and 7 of TB1).

3. Set the Voltage potentiometer on the front panel to full clockwise.

4. Use a precision digital ohmmeter to measure the resistance between positions 4 and 5 of TB 501
(for JQE quarter rack models: measure resistance between positions 7 and 8 of TB1). This is the
actual resistance of the front panel VOLTAGE control (R102), referred to as

RVC Internal.

5. Use the measured value of R102 to calculate I, as follows:

Ib = (EO + (AEO))/ RVC Internal
where:

JQE-r2/061919 1
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Eo is the nominal output voltage (Volts).

RVC Internal is the value of R102 measured in step 4 (Kilohms).

I, is the actual control current.

AEq functions as voltage headroom to allow full scale from the front panel control.

Calculate the CONTROL RATIO as 1/ I, (Kilohms/Volt) using the value of I, calculated in step 5.

Use the calculated values of I, and CONTROL RATIO for all procedures of Section lII.

As an example, referring to the Procedure: Precision Programming Ratio Adjustment, PAR. 3-37,
step c), instead of Ry¢ = 5K Ohms, use Ry =5 (1/ Ip) (in Kilohms) in order to obtain an output
voltage of 5V.
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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.

228-1351 COND/CONFORM 030519

For European applications, requiring compliance to the Low Voltage Directive, 2006/95/EC, 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. (EN61010-1:2010, CI. 6, CI. 7, CI.8, and CI. 9)

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. 6.5.5)

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 CI.
6.5.5 and CI1.6.10.1)

For European applications requiring compliance with the RoHS 2 directive, 2011/65/EU, this power
supply is designed for scientific research and technological development, and is excluded from the
scope of the directive [2011, 65/EU, Article 2 (4) (j)].

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-
1:2010, CI. 9.6)

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.



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,
Pollution Degree 2. Hazardous voltages are present within this product during normal operation. The
product should never be operated with the cover removed unless equivalent protection of the operator
from accidental contact with hazardous internal voltages is provided:

> D> D>

2. Grounding

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.

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

G

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.

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.

> D

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.

228-1352 SAFETY - (COVER REMOVAL) 030519
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SECTION | — INTRODUCTION

1-1  SCOPE OF MANUAL

1-2  This manual contains instructions for the installation, operation and maintenance of the Kepco JQE
"FULL-RACK" Series of Power Supplies.

1-3 GENERAL DESCRIPTION

1-4  Kepco Series JQE 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 currentlimit 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.

1-6  The compact design of the Kepco JOE "FULL-RACK' Series was made possible by a unique 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 reliability .

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

1.7 OPTIONS. Optional features of Kepco Power Supplie's‘ are indicated by a letter following the model
designation:

a) JQE Power Supplies with suffix “'E” are equipped with an "“Ejo Null” adjustment, which aliows 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 full
scale reading of either 10% or 100% of the voltage and current outputs.

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 Sl,JDD“ES with suffix “VP'" are equipped with an overvoltage protector. This electrical
“crowbar’’ shorts the output through a silicon controlled rectifier (SCR} if the output voltage exceeds a
preadjustable limit on the protector {see paragraph 1-12 for specifications).

e) JQE 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.

1-8 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).

1-9 MOUNTING
Refer to “Mechanical Outline Drawing” (FIG. 1-3). Four (4) aluminum feet are provided for bench operation

of the supply. Feet are removeable for rack-mounting. Adaptor brackets for mounting the supply into a
standard {19-inch) rack are supplied. Refer to FIG. 2-5 for installation instructions.

1-10 SPECIFICATIONS, GENERAL

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

JQE FULL “Y'/7-76 141



) STORAGE TEMPERATURE: —40°C to (+)85°C.

d) COOLING: High efficiency, single bearing fans, (permanently lubricated) with special low noise
non-metal blades.

e) ISOLATION: A maximum of 500 volts {DC or p-p) can be connected between chassis and either output

terminal. The comimon mode current from output to ground is less than 5 micro amps rms, or 50 micro
amps peak to pesk at 115V AC, 60 Hz.

1-11 SPECIFICATIONS, ELECTRICAL

Refer to TABLE 1-1 and 1-2.

APPROXIMATE
D-C OUTPUT RANGE OUTPUT IMPEDANCE MAXIMUM AC
mooe ! VOLTAGE MODE | CURRENT MODH? | INPUT CURRENT
VOLTS AMPERES | dc §2+ Series “L" dc §2+ Shunt “C’’ |Amps @ 125V A —C
JQE 6—90(M) 0-~6 0-90 3.5ufd+ 0.5 uH 3.5 K2+ 17.6 KuF 15:7-
JOE 15-50(M) 0~15 0-50 15 uS2+ 0.5 uH 10K+ 12 Kufr 16.6
JQE 25—40({M) 0-25 0-40 31 uf2+ 0.5 uH 12.5 KQ + 14 KuF 21.0
JQE 36~30(M) 0-36 0-30 60 uS2+ 0.5 uH 16 K2+ 11 Kur 19.0
JQE 55—20(M) 0-55 0-20 138 uQ2+ 1 uH 25 K2+ 7.3 KUF 18.0
JQE 75-15(M) 0-75 0-15 250 2+ 1 uH~ 33K+ 4.2 KuF 18.0
JQE 100-10(M) | 0-100 0-10 0.62 m§ + 1 uH 50 K+ 2.2 Kuf 17.0
JQE 150-7(M) 0-150 0-7 1.1 mE2 +2 uH 72 KL+ 1 KUF 18.0

1) Specifications for unmetered modeis (without suffix “M’’) are identical.
2) External current sensing and control using the Volitage Mode ampilifier, 1 volt sensing drop.

TABLE 1-1 D-C QUTPUT AND A-C INPUT SPECIFICATIONS, JQE “"FULL RACK" GROUP
¢

NOTE: Kepco has adopted new technical terms recommended by the International Electrotechnical Commission (IEC). These terms
replace or supplement previously used expressions to avoid difficuities in transiation and prevent erroneous interpretation at
home and abroad.
In this instruction manual, Kepco discontinued the use of the specifications entitled "'line regulation’’ and “’load regulation.”’
Instead, Kepco will follow the recommendation of the IEC and speak of the “Output E ffects, caused by changes in the
influence Quantities.”” The '"Output Effects”” are specified either as a percentage change referred to the maximum specified
output voltage (Eg) or current {lg) or as an absolute change (AEg, Alg) directly in miltivolts or miflamperes or both. The
“Influence Quantities” are the ‘‘Source Variations" {formerly a-c line variations), the “"Load Variations’ {formerly load
regulztion),.the ““Temperature Variations” {no change, still specified as a coefficient) and the “Time Variations’’ {formerly
stability). The itlustration below will clarify the use of the new terminology.

INFLUENCE QUANTITIES

1) SOURCE VARIATIONS

2) LOAD VARIATIONS

3) TEMPERATURE VARIATIONS
4) TIME VARIATIONS

AC INPUT SOUJRCE (FORMERLY "“AC LINE"

L

POWER SUPPLY
UNDER
TEST

Eoor Io LOAD

-

OUTPUT EFFECTS (AE,, Alg)
= SOURCE EFFECT

1) DUE TO SOURCE VARIATIONS (formerly LINE REGULATION)

2) DUE TO LOAD VARIATIONS = LOAD EFFECT
3} DUE TO TEMPERATURE

4} DUE TO TIME =

1-2

........... {formerly LOAD REGULATION)

= TEMPERATURE COEFFICIENT . .(COEFFICIENT, NO CHANGE)
{formerly STABILITY)
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OUTPUT EFFECTS AMPLIFIER OFFSETS )
(INFLUENCE QUANTITY VOLTAGE MODE CURRENT MODE VOLT'AGE CURRENT REFERENCE
AE, YRS AE, N, 6.2V £5%

SOURCE: 105—125/210-250V a-c | <0.0005% <0.005% <10uV | <2nA 0.0001%
LOAD: No load — full load <0.005% or 0.2 mVY! | <0.01% <200 1V | <5nA
TIME: 8-hours [drift] <0.01% or 1 mv M <0.02% <20V | <2nA 0.005%
TEMPERATURE: Per °C <0.1% @ <0.02% @ <20V | <BnA 0.005%
U ATy, & ms | <0.2mV <002%of Iy max | - - -

(Ripple and noise) ) pp® | <1.0mV <0.1% of 1, max - - -

m 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) Current Mode Output Effects {Aly) are measured across the external sensing resistor. This resistor must be a high quality,
wirewound unit, with a wattage at feast 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.

) Offsets and the reference contribute to output effect AE by the equation AE, = +AE ¢f (Rf/R;) ¥AEjo {1 + R¢/R;) _Al,o (R £
where Ry is the feedback resistor and R; is the input resistor from the signat 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.

() Valid 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 JQE (FULL RACK} ELECTRICAL SPECIFICATIONS

1-12 SPECIFICATIONS, PERFORMANCE
a) VOLTAGE CONTROL CHANNEL.

1

3)

4)
5)

6)

LOCAL OUTPUT VOLTAGE CONTROL™*. 10-turn precision rheostat at the front panel,
resolution: 0.05% of the maximum rated output voltage {E max.). Controls output voltage'from
zero to Eg max.

REMOTE OUTPUT VOLTAGE CONTROL- External control can be exercised by resistance
{1000 oh'ms per volt of output), or by a control voltage {refer to Section Il for details}. Contro!
is “operational,” with the JQE functioning as a unipolar power amplifier {plus output terminal
commony},

OFFSETS: JOE models with suffix “E™ and with suffix ""Y** have provisions to zero the initial
{static}) offset voltage. 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:

AEy = *AE, (R(/R)) * AEip (1+R{/Ri) *Alio Ry

total output voltage variation

AE; = Change in reference or input voltage

Rt = Internal voltage control or external feedback resistor
Rj = Input or reference resistor

AEjo, Ajo = Tabulated offset variations

where: AEg =

GAIN: The open loop gain of the voltage contro! channel is greater than 0.5 X 10° volts per volt.

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

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 foad 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 limit from 10% to 105% of the rated output current {lq).

*Knob controlled on all metered models {suffix “'M*). Locking type screwdriver
controls on unmeltered models,

JQE FUt.L “Y"/7-76
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c)

d)

2}

3

REMOTE OUTPUT CURRENT CONTROL: Standard JQE 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 voitage by means of a voltage divider
circuit, or an independent controf -voltage from a separate programming source can be used
{Kepco SN Prograrmmer, for example).

REMOTE CURRENT CONTROL USING THE VOLTAGE CONTROL CHANNEL: The voltage
control channel of the JQE 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% g for standard models and from 1 microampere to 100% Io for models
with suffix "E"" [see Section 11 for further details).

DY NAMICS.

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

PROGRAMMING SPEED: The rate at which the JQE power supply responds 1o 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 tow frequency value is given by the
tabulated (Table 1-2}) load effects. With increasihg frequency, the output impedance becomes
asymptotic-to the tabulated (Table 1-1} series inductance {Voltage Mode) or shunt capacitance
(Curren}t Mode}.

GENERAL. ,

1)

2)

SERIES/PARALLEL OPERATION: JQE models may be operated in series or parallel 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 il 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 E5 max.

Triggering Time: 5—10 microseconds, with adjustable delay to minimize false triggering.
Threshold: Limit point may be set to within 5% of Eg or 0.25 volt, whichever is greater. The
initial seting should account for a 2% of Eq warm-up settling effect.

Crowbar Temperature Coefficient: 0.05% of Eg per °cC.

1-13 SPECIFICATIONS, MECHANICAL

1-4

a)
b)

DIMENSIONS 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 15 max),
2-inch recessed panel meters, 3% of full scale accuracy. For output yoltage and current monitoring.
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SECTION Il — 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. f any indication of damage is found, file an immediate
claim with the responsible transport service.

2-3 TERMINATIONS

a) FRONT PANEL: Refer to FiIG. 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 CONTROL PURPOSE ADJUSTMENT..-....
DESIGNATION PROCEDURE
ca03® Delay Adjust Adjust Delay Time of VP par. 3-28
R4 Ip Adjust Control Current Calibration par. 3-33
r14t3) Eio Null Adjust Output Voltage Peecision zero par. 3-33
r1etl Lag Adjust AC Stability adjustment ' par. 3-86
R19 Io Max Adjust Current Limit Control Calibration par. 3-85
H26(4) Ammeter Zero Adj. Set Ammeter ‘Zero”’ par. 3-87
ras‘l) Lag Adjust AC Stability Adjustment par. 3-86
R41¢3! 1o Zero Adjust Qutput Current “Zero’ calibration par. 3-63
Ra14(2 Overvoltage Level Adjusts Protector Threshold par. 3-28
Adjust (FINE) _
2) Overvoltage Levet .
R415 . Adjusts Protector Threshold par. 3-28
*Adjust (COARSE)
t
(”Not used on all models. (3) . s sesae g
Used on models with suffix “E’'* and 'Y"’ only.

() ysed on models with suffix “VP" only.  ysed on Model JQE 6—90 only.
’ (S)Used on Models with suffix Y’ only.

TABLE 2-1 INTERNAL ADJUSTMENTS AND CALIBRATION

C 403 oeLay a0y.
R 414 VuMIT (FINE) —
R 415 Vumr (COARSE)

1a 2ERO

R4 (1, AOJ.
R 36 LaGu|—"

AV —" \
RIG LA w2 Ri4 (€ “0“\ R19 (10 MaX.ADN)
NOTE: All adjustments accessible through top of wrap-around cover, R26 AMMETER

ZERO ADJ.

FIG. 2-1 LOCATION OF INTERNAL ADJUSTMENTS
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2-4 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 links betwgen transformer terminals {1)-(2)
and (3)-{4). Reconnect one (1) link between terminais {2) and {3). DO NOT CHANGE ANY OTHER WIRING

ON THE TRANSFORMER.

FULL RACK SERIES
{PARTIAL TOP VIEW)

T20l

ONE JUMPER LINK (2-3)
FOR 230 VAC LINE

[c_ o]

1 H R |
| @ @|e o PN
TWO JUMPER LINKS

(1-2) AND (3-4)
FOR 15V AC LINE

FIG. 2.2 CONVERSION TO 230V A-C NOMINAL LINE OPERATION

2-6 COOLING

2-7  The power transistoss and rectifiers in this power supply are maintained within their operating ternperature
range by means of high effiency heat-sink assemblies, cooled by internal fans. 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. I f 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 (71°).

2-8 PRELIMINARY CHECK-OUT

2-9 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 FIG. 2-3 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) L f power supply is unmetered, connect a suitable DC voltmeter to the output terminals.

c) Turn CURRENT LIMIT CONTROL fully clockwise. Turn VOLTAGE CONTROL fully
counterclockwise. Turn V-LIMIT (coarse) control fully clockwise.

d) Turn AC POWER SWITCH “on”. The AC PILOT LIGHT (metered models only) should be energized.,
Slowly turn VOLTAGE CONTROL clockwise and observe the gradual increase of the output voltage.
Turn counterclockwise again.

2-2 JQE FULL *¥Y'*/7-76



210
2-1

2-12

q)

(MODELS WITH SUFFIX VP ONLY). Adjust output voltage to approximately 1/4 of its maximum
rated value. Turn V-LIMIT control stowly counterctockwise, until output voltage goes suddenly to zero
and the AC POWER SWITCH/CIRCUIT BREAKER trips. Leave AC power "off”,

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

(MODELS WITH FRONT PANEL METERS ONLY)

Place a short circuit across the output. Turn CURRENT LIMIT CONTROL counterclockwise, Turn AC
POWER SWITCH/CIRCUIT BREAKER "on”. Slowly turn CURRENT LIMIT CONTROL clockwise
and observe the gradual increase in output current on the panel AMMETER. The output current should
smoothly increase from below 10% to 105% of the maximum rated output current, as the CURRENT
LIMIT CONTROL is varied between its limits. Turn AC power "off”, This concludes the preliminary

check-out.

(MODELS WITHOUT METERS)

Place a short circuit, consisting of a suitable ammeter, across the output terminals of the unit, Turn
CURRENT LIMIT CONTROL fully counterclockwise. Turn AC POWER SWITCH/CIRCUIT
BREAKER “on'. Slowly turn CURRENT LIMIT CONTROL clockwise, observing the ammeter scale.
The output current should smoothly vary from below 10% to 105% of maximum rated output current
as the CURRENT LIMIT CONTROL is adjusted from its maximum counterclockwise position. Turn
AC power "off”, This concludes the preliminary check-out.

INSTALLATION (See installation notes in FIG. 2-5)

a) (METERED MODELS)
The JQE Power Supply may be used as a bench operated instrument or, with the assistance of the
mounting brackets it may be instatled in any standard 19 inch rack. Please refer to paragraph 2-6
("COOLING"} if the supply is mounted into a multiple rack installation. Instructions for rack
installation are ;%rovided (See FIG. 2-5).

b} (UNMETERED MODELS)
The JQE Power Supply is designed for chassis mounting directly into existing installations. For
mounting hole dimensions and lay-out see FIG. 1-3 {"'"Mechanical Outline Drawing’’). If the unit must
be mounted into confined spaces, refer to parapraph 2-6 {"COOLING”).

GROUNDING

a) AC GROUND. The power supply is equipped with a 3 wire safety line cord and polarized plug.” The
third {green) wire in the line cord is connected to the chassis and the case of the unit, If a two terminal
AC power receptable in combination with an adaptor is-used, it is imperative that the chassis of the
power supply be returned to AC ground with a separate lead.

b) DC GROUND. The DC output is isolated from the AC power line and from any direct connection to

chassis or ground, The maximum voltage that can be supported between either output terminal and
ground or chassis is 500V (DC or p-p) plus the maximum output voltage of the power supply. For
lowest output ripple and noise the grounding of one side of the output is recommended. (See
Section Il for additional grounding information).

*Metered models only (suffix “M"”}. Unmetered models have a three {3) terminal barrier-strip for AC input.
Terminal “'G’" on the barrier-strip is connected to chassis and case.

**A capacitor-resistor network (C5, R25} is connected from the negative (~) output terminal to chassis. |f the
output is to be grounded elsewhere, this internal ground can be opened by removing C5 from the amplifier
board (A1, FIG, 6-2).
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FIG. 2-3 FRONT PANEL CONTROLS AND TERMINATIONS

CONTROL OR

NO. | TERMINATION FUNCTION

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

) 2 | voLTAGE conTROL ADJUSTS OUTPUT VOLTAGE FROM ZERO TO E,, max.
- 3 | CURRENT LIMIT CONTROL | ADJUSTS CURRENT LIMIT FROM 0-105% lo max.

4 | voLTMETER MONITORS OUTPUT VOLTAGE, 0~E, max.

5 | AMMETER MONITORS OUTPUT CURRENT 0—Ig max.

6 | ACPILOTLIGHT ENERGIZES WHEN AC POWER IS “ON"

7 | METER RANGE SWITCH MAY BE SET TO FULL SCALE READING OF MAXIMUM OR
AMPERE 1/10 OUTPUT

8 | METER RANGE swiTCH MAY BE SET TO FULL SCALE READING OF MAXIMUM OR

VOLTS 1/10 OUTPUT

24

TABLE 2-2 CONTROLS AND TERMINATIONS, FULL—RACK JQE MODELS, FRONT
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FIG. 2-4 REAR TERMINATIONS, FULL RACK JQE MODELS

NO, TERMINATION FUNCTION
13
1. | t+10uTPUT ¢ (LNEGATIVE LOAD TERMINAL WITH GROUNDING POST
(+) OUTPUT (DpOsITIVE LOAD TERMINAL WITH GROUNDING POST
REAR BARRIER-STRIP PROGRAMMING AND MONITOR TE RMINALS:

{1} (+) OUTPUT MONITOR

{2) {+) ERROR SENSING

{3) (=) OUTPUT MONITOR

(4) {-) ERROR SENSING

(6) INTERNAL VOLTAGE CONTROL

(6) NULL JUNCTION {AMPLIFIER INPUT}
{7) REFERENCE RESISTOR

(8) REFERENCE VOLTAGE

{9) REFERENCE RESISTOR

4. CHASSIS GROUND CONNECTION e OATING GROUND LEAD TO GROUND EITHER THE
{(+) OR {~) OUTPUT VIA GROUND POST
A-C INPUT 3-WIRE SAFETY LINE CORD {METERED MODELS ONLY){?)

6. REAR BARRIER-STRIP CURRENT LIMIT PROGRAMMING TERMINALS:
(10} OUTPUT CURRENT REFERENCE

{11) OUTPUT CURRENT CONTROL

{12) OUTPUT CURRENT COMMON

(”Models with less than 25 A d-c output current do not have grounding posts. The chassis connection on these
models is a.terminal instead aof a floating ground lead.

2)ynmetered models have a three-terminal barrier strip instead of aline cord.

TABLE 2-3 REAR TERMINATIONS, FULL-RACK JQE MODELS.
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'RACK MOUNTING ACCESSORIES, PARTS LIST
ITEM OESCRIPTION QTY.
1 FRONT ANGLE LEFT 1 INSTRUCTIONS FOR SLIDE INSTALLATION
2 FRONT ANGLE RIGHT ! 1) Items 1, 2, 3 are Installed at the factory.
3 FILLER BRACKET 2 2) Item 3 {filler bracket) is predrilled and tapped for Jonathan Stides,
4 "SLIDES: 110 QD Serigs 110 QD. Remove the three binding head screws on each side
JONATHAN SERIES 2 of Item 3, {These screws are part of Item 5.)
5 10—32 SCR BOG. HD. 10 3) Line u:)h slideh v::th filler ::r:cket ai;;:! r:‘in'serf t:::-b'i_r:’dlng head
S screws through the appropriate mounting holes in the slide.
6 1032 FLATHEAD:82 6 4) It Jonathan Stide 110 QD—24—1 is used, an additional hole must
NOTE: ITEM {4) NOT SUPPLIED. be drilled into the slide. Sea F1G. 1-3 for further information,

FIG. 2-6 RACK INSTALLATION, “FULL-RACK"” MODELS.

INSTALLATION NOTE:With its four (4) removable aluminum botiom feet, the JQE may be operated on the

2-6

bench, or placed on an equipment shelf for convenient operation. For bench operation, the
FRONT ANGLE BRACKETS and the FILLER BRACKETS may be removed,

The JOE may be installed into a standard equipment rack {19-inches wide). The provided

FRONT ANGLE BRACKETS {Side Flanges) are drilied for standard rack dimensions.

Since the FRONT ANGLE BRACKETS are not sufficient to support the full weidht of the

JOE, additional means of support must be provided, using one of the three methods

described below:

a) CHASSIS SLIDES. The JQE is equipped on its sides with FILLER BRACKETS,
which are pre-drifled for a number of “JONATHAN" slide types. {See Section |,
FIG. 1-3))

b) FILLER SUPPORT BRACKETS. The Kepco FSB Filler Support Brackets (optional,
see Kepco Main Catalog) are ideally suited to provide additional support at the rear
edge (or at the sides) in rack cabinets where suitable mounting channels or angles are
available.

c) MOUNTING PLATFORM. A rigid mounting platform, if available in the equipment
rack, can provide the necessary support for the JQE. The platform must be adjusted
in such a way, that the mounting holes in the FRONT ANGLE BRAGKETS line-up
with the threaded holes in the side channels of the equipment rack.

JQE FULL “Y''/7-76



SECTION 111 — OPERATION

31 INTRODUCTION

32  Kepco JQE Series power supplies are full-range operationally programmable d-c voltage/current sources, They
can be set (by means of their front panel controls) or programmed (by means of remotely located passive
controls ‘or voltage/current control signals) to any level within their rated range and can be fully loaded at any

output setting. Some application examples are:

a)

b)

c)

d)

el

JQE 2 + FULL—25/75

The JQE may be operated as a precision stabitized voltage source with local {front panel) or externai
{remote) control of the outpul voltage. The current channel of the JQE serves as a continuous
adjustable output current limiter in this application {see FIG. 3-9, for example). Remote output control
{programming) can be exercised by means of resistance, conductance, external control voltage signals or

external control current signals.

The JQE may be operated as a precision stabilized current source, using external current sensing and
control. In this application, the voltage channel is used as the current stabilizer and voltage limiting, if
required, must be provided externally (see for example FIG. 3-14). This mode of.operation is suited
especially for smali d-c currents in the mA/uA range.

The JOE may be operated as a unipolar amplifier using resistive feedback as a gain control and an
external input signal source with input resistor. The current channel serves as the current limiter
{continuously adjustable) in this application. Due to the restricted bandwidth of the JQE Power Supply
with its large output capacitor, operation is confined to low frequencies (see for example FIG. 3-12).

JQE MODELS WITH OPTION “'Y*" ONLY. While in standard JQE Models the output current limit can
be controlled only from the control at the front panel, in JQE Models with Option Y’ it can be
remotely controlled by a potentiometer or by a d-c control voltage. An additional control amplifier and
separate rear terminals are provided for remote current limit control on JQE Models with Option "“Y."”

The JQE may be operated as a current stabilizer {constant current source) when operated in the current
limit mode. Approximately 2% current stabilization is provided with the front panel control mode (all
JQE Models) and 0.1% current stabilization in the remote control mode (JQE Models with Option "Y'
only). This remote mode is suitable for larger output current requirements. For relatively low output
current requirements {mA/uA range}, the control method outlined in par. 3-2b should be used.

3-1



33
3-4

3-5

3-6

(1)

NOTES:

32

GENERAL

Detailed examples for the briefly-described applications will be given in the following paragraphs of this
section. Before actual operation of the JQE, the following general comments, applicable to a// applications,
should be carefully considered.

CONNECTING DIAGRAMS (See FIG. 3-1). A (simplified) rear-view drawing is used to represent the JOE
Power Supply in all connecting diagrams. A FOLD-OUT DIAGRAM AT THE END OF THIS SECTION
(SECT 1I11) IS PROVIDED, RELATING THE CONNECTING DIAGRAM TO THE JQE CIRCUITRY. The
auxiliary barrier-strip (with terminals 10, 11 and 12) is used only on JQE Power Supplies with Option Y.’

SAFETY GROUNDING*? National and internationat safety rules demand the grounding of the metal cover
and case of any instrument which is connected to the a-c power tine, {Safety Class I—NEMA STD. 5-3-72.)

WARNING

KEEP INSTRUMENT GROUNDED WHILE 1T IS CONNECTED TO THE A-C POWER SOURCE.

Metered JQE Power Supplies with flexible a-c power cords are equipped with a 3-prong safety plug, which
must be connected to a grounded a-c power outiet. Unmetered JOE Power Supplies have a 3-terminal a-c
power .nput barrier-strip at the rear, to which a 3-wire connection (HOT, NEUTRAL, GROUND) to-lh.é a-c
power line wiring must be made. These terminals are marked clearly and must not be interchanged during
installation. If a-c input switching is planned, the switch must be instalied in series with the terminal marked
“"H'" (hot or phase terminal). ‘

See also Section I, par. 2-14.

JOE

A) SIMPLIFIED SCHEMATIC DIAGRAM,

JQE SERIES.

JQE - REAB_ VIEW

Io REFERENCE

r—x., CONTROL

=

— — — | T8s01 Tazo6 [ 10 | 11 [ 12 1o common
Rvc v l
V!\_' T f Q } [(HoutpuT m @
MONITOR
VOLTAGE || ontro I
CONTROL 2 (¥)SENSING
{COMMON)
UNREG, 1
De. zero SOURCE 3 [(-rouTeyT OUTPUT
MONITOR (=) (+)
DRIVER |
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B) REAR VIEW DRAWING, JQE (/2-RACK) SERIES,
SHOWING OUTPUT AND PROGRAMMING
TERMINALS.

FI1G. 3-1 REAR VIEW DRAWING AND SIMPLIFIED DIAGRAM, JQE SERIES.

1) Rear jumper links in place for standard {front panel control} operation.
2) The simplified schematic diagram is repeated in the form of a fold-out drawing at the end of this section (Section 1),
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37 SIGNAL GROUNDING'. Connections between the power supply and the load (load and sensing
connections), as well as connections to the power supply amplifier {programming connections) will invariably,
despite all precautions such as shielding, twisting of wire-pairs, etc., “pick-up’’ radiated noise of a wide
freqency spectrum. Furthermore, the power supply itself produces a “common mode’’ current, which, if not
properly shunted to ground, generates a ripple voltage across the load. To minimize this undesired output, a
d-c ground (SIGNAL GROUND} is needed.

38 A SIGNAL GROUND consists of a single point along the power supply/load circuit, to which one side of the
power supply output and all the shields, instrument cases, etc., are connected and which is then. as a single

wire, returned to a-c ground (Safety Ground), see FIG. 3-2.

NOTE: Only one of the (5) signal
ground points must be used.
Qutput ripple should be viewed

JQE POWER SUPPLY

(=) «(+H) either with a differencial input
or battery-operated oscilloscope
4 N ) N L with the scope case connected
[ \| ;‘ ) 2 to the setected signakground.
= ! ‘E 77 D
AC SAFETY . | r (
GROUND L ! |t
e o .\/v_i@_}(_ﬁ)
ALTERNATE
INTERNAL (1) JQE SIGNAL GROUNDS

SIGNAL GROUND

FIG. 3-2 SAFETY AND SIGNAL GROUNDING.

39  Successful d-c grounding depends on careful analysis of the individual situation and only general guide lines
can be provided here. One of the major points, however, is to avoid GROUND LOOPS. Ground loops are
created when two (or more) points are *'signal grounded” along the output circuit. Due to the wire impedance
between the separated grounded points, a noise voltage is developed which subsequently is superimposed on
the stabilized output of the power supply. The only way to avoid ground loops is to investigate the output
circuit {including the connected load) carefully by means of an ohmmeter for any resistance to ground. A
single d-c ground point can be selected only if the output circuit is completely isolated and a single point
connected to- the system. The exact location of this “best” d-c ground-point is entirely dependent on the
application at hand. For single, isolated loads, the best d-c ground-point may be the internal signal ground
{point [1] in FIG. 3-2) or it may be directly at one of the output terminals of the power supply (points [2]
or [3] in FIG. 3-2). If error sensing is employed, however, a good d-c ground can be established at the remote
foad (points [4] or [5] in FIG. 3-2}. In case of an internally grounded load, the d-c ground is automatically
established directly at the load,

3-10 JQE Power Supplies have one side of the output returned to the case over a resistor/capacitor .combination
{refer to Sect. II, Par. 2-14). In those cases, therefore, where the Joad is internally grounded, or where the
signal ground must be established elsewhere, the resistor/capacitor combination must be removed from the
power supply case in order to avoid ground loop problems. This step is also required if the opposite side of the
power supply output must be grounded at the toad (point {3] in FIG. 3-1). If there is a choice in selecting
either the positive or the negative output of the power supply for the d-c ground point, both sides should be
tried, and preference given to the ground point producing the least noise. Qutput ripple specifications (as
measured at the output) are, however, equally valid for either output side grounded. Care should be taken in
measuring the ripple and noise at the power supply output or at the load. Measuring devices which are a-c line
operated often introduce ripple and noise into the circuit {see note in FIG. 3-2).

(1)See also Section 11
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POWER SUPPLY/LOAD INTERFACE

The general function of a voltage or current stabilized power supply is to deliver te rated output quantities to
the connected load. The load (or loads) may have any conceivable characteristic: It may be fixed or variable;
it may have predominantly resistive, capacitive, or inductive parameters; and it:may be located very close to
the power supply or it may be a considerable distance away. The power supply designer cannot anticipate
every conveivable application, location or nature of the load. He must design his product for the widest
possible application range and specify the performance at the output terminals of the power supply. The aim
of the following paragraphs is to aid the user in the final use of the product: The interface of the power
supply and the load.

The perfect interface between a power source and its load would mean that the specified performance at the
output terminals would be transferred without impairment to any load, regardless of its characteristics,
distance from the power supply or environment. To approach this ideal, the power supply must satisfy certain
requirements. Interconnecting rules must be closely followed and Ohm’s Law, as well as basic a-c theory must
be considered in selecting the interface wiring.

LOAD WIRE SELECTION. The stabilized d-c power supply is definitely not an ideal voltage or current source
with zero output impedance (VOLTAGE MODE) or infinite output impedance {CURRENT MODE) at all
frequencies. All voltage sources have some amount of impedance which jncreases with frequency and all
current sources have an output impedance which decreases with frequency (refer to FIG. 3-3).

VOLTAGE MODE |IMPEDANCE

(INCREASING 2o DUE TOQ
OUTPUT CIRCUIT INDUCTANCE)}

(Zo)

OUTPUT IMPEDANCE

\\ CURRENT MODE IMPEDANCE

(DECREASING Zo WITH FREQUENCY
DUE TO OUTPUT CAPACITOR)

FREQUENCY ——

FIG. 33 TYPICAL QUTPUT IMPEDANCE VS. FREQUENCY PLOT FOR STABILIZED D-C SOURCES.

NOTE: As can be deduced from FIG. 3-3, toad connections for application requiring solely stabilized ougput

3-15

34

current are not as critical as those requiring stabilized output voltage:

a) D-C wire drops do not influence the current stabilizing action, but must be subtracted from the
available compliance voltage.
b) Wire inductance is “‘swamped-out’’ by the action of the output capacitor.

Emphasis in the following paragraphs is therefore placed on the power supply as a vo/tage source, rather than
a current source.

A more realistic model for a voltage stabilized power supply must, for example, include a series resistance,
representing the small d-c and low frequency source impedance, in series with an inductance, representing the
source impedance at higher frequencies. Load wire selection should therefore proceed with those facts in
mind. The load-wire size shouuld not only be selected for minimum voltage drop (Error Sensing, as discussed
below, will take care of that}, but also the series inductance of the load wire must be kept as small as possible
compared to the source inductance of the power supply (Error Sensing cannot compensate for this). These
dynamic considerations are especially important if:
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3-16

3-17
318

1) The load is constantly changing in value.

2) The load is switched "on” and "'off.”

3) The output of the power supply is step-programmed.

4) The load has a primarily reactive characteristic. )

5) All other cases where the dynamic output response of the power supply is considered important,

LOAD CONNECTION, GENERAL

The Power Supply is shipped from the factory with five {5) removable jumper‘links in place at the rear
barrier-strip (TB501) and one (1) link on rear barrier-strip (TB206—JQE modeis with Suffix "Y' only), as
shown in FIG. 3-4. THESE LINKS MUST BE IN PLACE AND SECURED TIGHTLY for standard local
operation. Loose terminal links or wires at the barrier strips will cause malfunction of the power supply.

§ CAUTION

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,

LOAD CONNECTION, METHOD |

(Refer to FIG. 3-4.) The most basic power supply interconnection, to mainly resistive, relatively constant
loads, located close to the power supply, or for loads requiring stabilized current exclusively consists of a
2-wire connection from the rear output binding-post terminals. Load wire is selected as described previously
{refer to par. 3-14). The load leads should be tightly twisted to reduce “‘pick-up” from stray magnetic fields.
After the grounding rules have been applied (refer to par. 3-7 to 3-10), the power supply can be connected to
the a-c source and operation may commence.

Io REFERENCE

JQE -REAR VIEW [ TeconTRo-
NOTES: — -
) gl TBS0! 18206 [ 10 [ 11 [ 12 10 common
1) Avoid electrical shocks:
Connect load and ' (+)OUTPUT m @
external components I | 'moNITOR |
before applying a-c (+)SENSING
power to the power j (COMMON )
supply. | (=) OUTPUT
- -)OUTPUT
2) Algemare signal ground 3 | MONITOR (=) +)
points may be chosen: — |
refer to par's. 3-7 to 4 |(-)SENSING
3-10. e
3) Twist all wire pairs, Use 5 | VOLTAGE
shielding as indicated. | ” | CONTROL(RVC)
4) See Section V for 6 ('#&_'35311:) |
power supply - )
performance 7 REF' CHASSIS LOAD
measurements. ESISTOR — AC GROUNO u
g | REF. voLTAGE |
| ° |6.2v-1Ma
9 | REF.
RESISTOR = ciGNAL
| _GROUND
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F1G. 3-4 LOAD CONNECTION, METHOD 1, WITHOUT ERROR SENSING.
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LOAD CONNECTION, METHOD i {REMOTE ERROR SENSING)

To avoid excessive output effects at remote loads, error sensing must be used. 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. 3-5). Observe palarities: The negative sensing wire {from terminal [4] ) must go to the
neqgative load wire, and the positive sensing wire {from terminal [2] ) goes to the positive load wire.

NOTE: For long wire runs, twisting each sensing wire with its associated load wire may give improved results in

sOme cases. Io REFERENCE
REMOVE JUMPERS JQE-REAR VIEW- To CONTROL
-(2) AND(3)-{4 -
(1)-(2) AND(3)-{4) ITBSOI TB206 | 10 | 11 |12 [, common
NOTES:
- QY| [rooTeur
1) Avoid electrical shocks: I®I ! |"woNITOR @
Connect load and 1 r?(ﬂseusmo |
external components (COMMON }
before applying a<c =] OUTPUT
power to the power A®' 3 [oniron | (=) (+ =SIGNAL
1 GROUND
supply. . —J\—'®h 4 [(-)sensine |
2) Alternate signal ground 12>
points may b’e chosen: s |vourace
refer to par’'s.3-7 to | ” |CONTROL (RvC) n
3-10. 6 ;Nv. INPUT) l
. " . NULL JCT.
3} TM./IS(.a” wire pairs. Use cHASSIS STOAD
shielding as indicated. 7 |REF. g
RESISTOR =
4) See Section V for —ACGROUNO \‘
T N
power supply g | REF. VOLTAGE
performance || 6-2V-1MA
s REF,
measurements. 9 RESISTOR
IJE%
Vo
‘\/'
FI1G.3-5 LOAD CONNECTION, METHOD II, USING REMOTE ERROR SENSING.
3-21 This method of load interconnection is suitable for loads which do not require rapid changes in voltage or

3-22
3-23

currents or for programming with gradually changing waveforms {sine wave, triangular wave shapes, etc.). See
par. 3-22 for load connections suitable for rapid (step) changes in the load or in programming.
2

*

LOAD CONNECTION, sMETHOD 11l

In applications where the load wires are fong and the load is rapidly changing in value or the power supply is
programmed with a step function, it may sometimes be required-to add an additional output capacitor
directly at the load site. The value of the external capacitor should be equal or greater than the internal
output capacitor of the JOQE (Co=C204 in all JOE Models). For pulsed loads which drop to zero current
during the “"off"" period, any external output capacitor should be paralieled with a "‘bleeder’ resistor. The
value of this resistor is determined by the value of the external capacitor, the desired response and the amount
of output current which can be sacrificed. As a minimum, the RC time constant of the external output
capacitor {Cg ext.) and the bleeder resistor (R ext.) should be comparable with the internal output capacitor
(Co) and the bleeder resistor {Rg), so that.

Ro {ext) Co (ext.) < Rg Cg, {internal)

NOTE: "Ryp" and “Cp" are so identified in all JOE Power Supplies (SEE “"MAIN SCHEMATIC,” SECTION V, FIG-

3-24
3-25

36

URE 6-3 FOR VALUES).

There is, unfortunately, no "‘best”” method for interconnecting the load and the power supply. Individual
applications, location and nature of the load require careful analysis in each case. Signal grounding a single
point in the output circuit is of great importance. 1t is hoped that the preceeding paragraphs will be of some
assistance in most cases, For help in special applications or difficult problems, consult directly with Kepco's
Application Engineering Department.

STANDARD VOLTAGE MODE OPERATION (LOCAL CONTROL)

Once the load is connected to the output terminals of the JQE Power Supply, and safety, as well as signal
grounding rules have been applied as described (refer to par's. 3-1 through 3-26), power supply operation can

proceed:
JQE ¥z + FULL—25/75



1) Turn VOLTAGE CONTROL and CURRENT LIMIT CONTROL completely counterclockwise. Turn
A-C POWER SWITCH/CIRCUIT BREAKER "on.” Observe front panel VOLTMETER!!? and adjust
VOLTAGE CONTROL to the desired output voltage level. Turn a-c power ““off,"”

2) Apply a short circuit across the output terminals of the JQE Power Supply. Turn A-C POWER
SWITCH/CURCUIT BREAKER “on.”

3)  Observe front panel CURRENT METER)- and adjust CURRENT LIMIT CONTROL to the required
load current value, plus 2%. In voltage mode operation, this setting will determine the voltage/current
"crossover” point. Turn A-C POWER SWITCH/CIRCUIT BREAKER "off.”

4) Remove the short circuit from the output terminals. The power supply.is now ready for operation.

3-26 STANDARD CURRENT LIMIT MODE OPERATION

NOTE. This operating mode wilt yield approximately 2% current stabilization. For more precise current

stabitization, see par. 3-55,

3-27 Apply all safety and signal grounding rules as described in previous paragraphs {refer to par’s. 3-1 through

3-16). Proceed as foliows:

1) BEFORE connecting the load to the power supply output terminals: Turn A-C POWER switch “on."”
Observe the front panel VOLTMETER!? and adjust the VOLTAGE control to the required compliance
{output voltage) level. Turn A-C POWER switch "off” and connect a short circuit to the output
terminals of the JQE Power Supply. ©r

2)  Turn A-C POWER switch “on.” Observe the front panel CURRENT METER) and adjust CURRENT
control to the desired value. Turn A-C POWER SWIFCH "OFF .

3) Remove the short circuit, connect the load and turn A-C POWER switch “on ** {f the JQE does not
enter the current mode (as indicated by a change in output current as the load value is changed), the
load resistance (R| ) is too high. Either R|_ must be decreased, or the VOLTAGE CONTROL setting
must be jncreased, or the CURRENT CONTROL setting must be decreased. The JQE is now ready for
operation.

3.28 OVERVOLTAGE CROWBAR, SET-UP AND CHECK (FOR JQE MODELS WITH OPTION “VP” ONLY.
(Refer to Section 1, FIG. 2-1, for the location of all internal controls.)

3

1) Set up the JO]E Power Supply with a substitute load. Use an external voltmeter with meterless JQE
Models, or if greater accuracy than the panel meter can provide is required. Set V|_jm (COARSE)
control fully clockwise. Set V| |i (FINE) control approximately to its mid-position.

2) Turn the JQE ""on’" and adjust the output voltage to the desired crowbar or shut-down value, not to the
actual final operating voltage, using the front panel VOLTAGE CONTROL.

3) Slowly, turn the V| (COARSE]} control counter clockwise, until the JOE power supply shuts down
(output voltage goes to zero, circuit breaker shuts off). TURN THE V| (FINE] CONTROL
SLIGHTLY {(ABOUT 10°) CLOCKWISE. This last adjustment must be made with care, since it
determines the “threshold’’ voltage, i.e., the difference voltage between the crowbar or shut-down point
and the actual operating voltage.

4) Turn the JQE VOLTAGE CONTROL counter-clockwise before turning the JQE "on’’ again. Slowly
advance the VOLTAGE CONTROL clockwise. Observe the JQE front panel voltmeter (or the external
voltmeter) and note the voltage at which the JQE shuts down. Make any corrections of the shut down
voltage {either towards or away from the operating voltage) by adjusting the V|_jmT (FINE) control.

5) Turn the VOLTAGE CONTROL of the JOE counter-clockwise, turn JQE ““on,” and adjust the actual
operating voltage.
NOTE: 1) Readjustment of the V- imT {(FINE} control may be required after load and power supply have reached
thermal equilibrium.
2) If an exact crowbar point at a remote load must be established, remote error sensing, as described in

par. 3-19 must be used.
3) Adjust triggering sensitivity by means of the “"Delay Adjust’’ capacitor {C403) if spurious triggering occurs,

(l)Use suitable external metering for meterliess JQE models.

JQE %2 + FULL—25/75 3-7



3-29
3-30

INTRODUCTION TO REMOTE PROGRAMMING IN THE VOLTAGE MODE

GENERAL. A few general remarks may be in order to famitiarize thé user of this equipment with the

lerminology and basic equations pertaining to remote programming of the power supply in the voltage mode.
lectrically, in the voltage mode, the power supply can be represented by the_'unregulated -d-c source (E)), the
voltage across the pass element Ep), the d-c error amplifier (A} and a comparison circuit which resembles a
4-arm electrical bridge. {Refer to FIG. 3-6.) 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 voitage (E;) creates an error signal (€) which, by means of negative
1zedback and the amplifier, tends to correct the output voltage towards restoration of bridge balance.

I, BRIDGE CURRENT

A' _a— NULL JUNCTION

REFERENCE
RESISTOR R¢

COMPARISON
AMPLIFIER

Ryc VOLTAGE CONTROL

Eu UNREGULATED T

SOURCE

REFERENCE VOLTAGE 33[1';%{; Eo
(EXTERNALLY -ENERGIZED - - .
ZENER DIODE) - Ep PASS ELEMENT J}
+

N COMMON POINT

FIG.3-6 EQUIVALENT CIRCUIT, KEPCO POWER SUPPLY, VOLTAGE MODE.

3-31 EQUATIONS SHOWING THE OPERATION OF THE KEPCO BRIDGE

3-32 The following rela(ionghips govern the operation of the Kepco bridge at balance; i.e., with Vap' = Q:

a)

b)

c)

3-8

So _ Rwe |

E, R (1 Where: Eo
Er
Rr

Er F{VC

Fr = lp (2) ' Ib

Eo = lb RVC (3)

It

The ratio of the number of ohms control-resistance

ratio.” It is nominally 1000 ohms per volt.

Output Voltage
Reference Voltage
Reference Resistance
Control Resistance
Bridge Current

needed per volt output is termed the ‘‘control

As can be seen from equation (1), the output voltage Eq can be controlled by varying any one of the

three quantities. Rewriting equation {1) we have:

_or

Er
The ratio 7 constitutes the bridge current I. (Eq. 2).

r

X Ruyc
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d) Therefore, we can write: Eq = I Ry¢ (Eq. 3).

Making |, a precision quantity (precision bridge current adjustment is described in par. 3-33) establishes
a precise programming ratio so that the accuracy of Eq is solely dependent upon Ry¢. This mode of
operation is referred to as “‘resistance programming’* and is covered in detail in par. 3-40.

Rvc
e) Rewriting Equation (1), Eg = E, RL , we can make E; the variable which controls Eg,.
r

This type of control is referred to as “'voltage programming’’ and is covered in par. 3-51

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, please refer 1o the current Kepco Power Supply Literature, available from your Kepco
Representative or directly from Kepco Applications Engineering Department.

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

333
3-34

335

3-36

3-37

20 ppm or better..

ADJUSTMENTS FOR EXACT PROGRANMING RATIO

Referring to equation {3): Eq = Ip Ry, it is seen that if Iy = 1 mA, 1000 ohms of control resistance (Ry,¢) is
needed for each volt of output. Once lp is therefore adjusted precisely, the accuracy and linearity of the
output voltage will then solely depend upon Ryc.

Again referring to equation (3), we see that if Ry¢c = O (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.

Both inaccuracies, the slightly larger bridge current (Ip) and the smafl negative offset voltage may be adjusted
to provide a linear and precise programming ratio. A control (Ejg Zero) for zeroing the offset voltage is
provided on JQE Power Supplies with Options "E"" or “Y " only. Bridge current adjustment is standard on all
JQE Models (1 CAL.).

PROCEDURE, PRECISION PROGRAMMING RATIO ADJUSTMENT (Refer to FiG. 3-7)
{Refer to Section Il, FIG. 2-1 for the iocation of all internal controls).
a) Equipment Requirdd:
1) Precision digltal or differential voltmeter (M1).
2) Precision resistor, accuracy comparable to M1, The value is not important, but must be known.
For every 1000 ohms 1 volt will appear across M1, (Ryc).

3) Single pole, single throw switch (S1).
' Io REFERENCE

ATTENTION: See fold-out
diagram at the end of this
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r— Io CONTROL

[Tes01

section (Section I1ll) relating | |t+1ouTRUT
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the connection diagram to the |
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SIGNAL
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l
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| | MONITOR
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Y | 5 | convroLirve)
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7
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RESISTOR

8 | REF. voLTAGE
6.2V~ 1 MA

© |

REF,
RESISTOR

Te206 | 10| N |12
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s,

© ©
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(+)

CHASSIS
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FIG. 3-7 CONNECTIONS FOR PRECISION PROGRAMMING RATIO ADJUSTMENT.
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b)

c)

d)

e)

Connect calibration setup as shown in FIG. 3-7 and connect the power supply to the a-c power line:

With S1 “open,” and Ryc =5 K ohms, approximately 5 volts will be read out on M1, Adjust "I, CAL."
{bridge current adjustment, R4, see FIG. 2-1 for location) until exactly. 5 volts are read out on M 1.

Close S1 and note deviation from zero on M1 (approximately 2 to 8 mV negative). Adjust “Ejg Zero”
(zero adjustment, B39, see FIG. 2-1 for location) until exactly zero volts are read out on M1.

Open S1 and check the 5 volt reading. Repeat “C” and "D’ as necessary to achieve the desired
accuracy. FIG. 3-8 below shows graphically how the programming ratio can be precision adjusted.

Ip ADJ.(R44)
Ip ADJ
SKJ‘——'——-——-———7/—
// , I
/ |
7/ / |
Rve / 4 l
/ !
Vi 7
7/ 7\LcorRECT - |
/ ' 1000 OHMs/vOLT |
RATIO (SOLID LINE) |
Yot/ i
yir |
—+—Eo
N sV
E NULL

OR ZERO ADJ.{R39)

F1G. 3-8 PROGRAMMING RATIO PLOT.

3-38 GENERAL RULES FOR REMOTE PROGRAMMING

3-39 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 especialty if malfunctioning of the programming setup is experienced.

3-10

1)

2)

3)

SIGNAL GROUNDING. Ground loops due to multiple and indiscriminate grounding of various
equipment are the cause for the majority of compiaints about “high ripple or noise.” They can be easily
avoided by signal grounding the power supply/load circuit plus the power supply/programming circuit
at one point, to which all shielded cables and equipment cases are connected. Frequently, high ripple is
introduced by programming sources or instruments used at the input {null junction) or by instruments
connected to the output/load circuit {oscilloscopes, meters), although all grounding rules have been
observed. This may be due to the external instrument’s or source’s close coupling to the a-c line. In
these cases, only isolation (i.e., battery-operated devices} is the answer. It must also be remembered that
the programming input and the output of the power supply are ““common,” so that if the "“common’ is
not grounded, the input source must be isotated for the maximum output voltage to be programmed,
plus the amount of voltage the common is “'off ground.”

CONNECTIONS. All external connections, especially the rear jumpers on the barrier strips, must be
securely fastened. Serious malfunctions may be caused by open feedback loops or other open
programming connections.

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.

JQE Y2 + FULL—25/75



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 normally only
1 mA, an error current exists when programming large voltage excursipns. 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 [AE, = 50V], and the final resistance of the
programming resistor is ARyc = 2 ohms, lpeagk = 25 A.) The duration of the peak error current depends
upon the size of the output capacitor. I peak decays exponentially as the output voltage assumes the
final value.

If step-switch devices are used in resistance programming, they must be of the ““make before break”
variety to avoid open feedback loops. Programming resistors must have a volitage rating at least equal to
the maximum output voliage of the power supply.

PROGRANMMING THE VOLTAGE CONTROL CHANNEL

3-40 PROGRAMMING WITH EXTERNAL RESISTANCE

3-41

3-42

The output voltage of the JQE 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):

Er
Eo = Ruwe ’ﬁ:

E
Since R_r = 1p (2), it follows that Eq = Ip Ryc (3).

r

Referring to Equation (3), we see that since lp is 1 mA in the JOE supplies {and can be precisely adjusted as
shown in par. 3-33), for every volt of output, 1000 ohms control resistance (Ryc) must be provided. This
corresponds to a “‘programming ratio” of 1000 ohms per volt. If for example, an output voltage of 10 volis is

required, Ryc must be:

10 VOLTS
Ryc = RN 10 K ohms.

Io REFERENCE

ATTENTION: See fold-out
diagram at the end of this
section (Section 111} relating
the connection diagram to the
power supply circuitry.

NOTES:

1) Avoid electrical shock.
Connect load and
external components
before applying a-<c
power to the power
supply.

2) Alternate signal ground

points may be chosen:

refer to par's.3-7 to

3-10.

Twist all wire pairs. Use

shielding as indicated.

4) See Section V for
power supply perform-
ance measurements.

3

EXT.

VOLTAGE-
CONTROL

Rvc

A

REMOVE JUMPER:
(5)-(6)

4

JQE - REAR VIEW —— % CONTROL

| 501

> |

TB206

(+}ouTPUuT
MONITOR

(+)SENSING
(COMMON)

(—}ouTPUT
MONITOR

(-)SENSING
VOLTAGE
CONTROL (RVC)
INV. INPUT
(NULL JCT.}
REF.

RESISTOR

REF, VOLTAGE
6.2V-IMA

REF.
RESISTOR

0| 1 |12 1

\

zcmssus

“—AC GROUND

Io COMMON

LOAD

== SIGNAL
GROUND

FIG. 3-9 CONNECTIONS FOR REMOTE OUTPUT VOLTAGE CONTROL
BY LINEAR RESISTANCE VARIATION.
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3-43° PROCEDURE (Refer to FIG. 3-9)
a) Determine value of programming resistor{s) for output voltage desired.
b} Using 2-wire, shielded cable, connect the chosen resistor(s) as shown. Connect the shield to the
"’signal-ground.”’ )
c) The output voltage will vary from zero to (1 mA) X (Ryc), as Ry is adjusted from zero to its maxinmum
value.
3.44 PROGRAMMING BY VARYING THE CONTROL CURRENT
3-45 The povs'/er supply output voltage (Eg) can be controlled by means of the control current (ip). Referring to
the previously derived transfer function (Eq. 3), we see that the output voltage is a linear function of the
control current {Ip}:
Eo = Ip Rye (Eq. 3).
If Ry is left fixed, variations in the control current will therefore produce proportional changes in the output
voltage. If, for example, an external control source, variable from zero to 1 mA is available, the power supply
output can be controlied over its full range. The 0 1o 1 mA control source can be d-c or (unipolar) alternating
current. The necessary barrier-strip connections are shown in F1G. 3-10 below.
ATTENTION: See fold-out —_— e To REFERENCE
diagram at the end of this _ TIo CONTROL
section {Section {1} relating JOE REAB_ YIEW
the connection diagram to the 'T’BSOI ~ TB206 [ 10 [ U 12 I To COMMON
power supply circuitry.
CONTROL ouIeaT S I
CUR:SET
sou SENSIN
NOTES. B ‘?-C,OMMON)G
1} Avoid electrical shock: OUTPUT
Connect load and ex- (;2,?“,“;:,;” (—) (+
ternal components NSIN |
before applying ac _4 (=1SENSING
power to the power _'T—
TAGE
supply. i g&rsgL(va)
2) Alternate signal ground’ 6 [INv. iNPUT {
points may be chosen: T | -[¢huet ger) nmssis Lono
refer to par’s, 3-7 to A OR: Q1 7[R vor
3-10. (6)=(7) L= | |__=Acsrouno 'a
3) Twist ail wire pairs. Use 8 (R O hacE |
shielding as indicated, 1
9 REF.S‘I'OR
4) See Section V for RES(S
power supply perform- I
ance measurements. b - -
. '-J_—'_-SIGNAL
FIG. 3-10 CONNECTIONS FOR REMOTE OUTPUT VOLTAGE CONTROL GSROUND

BY VARIATIONS OF -THE CONTROL CURRENT.

3-46 CONDUCTANCE PROGRAMMING

347

3-48

For special applications, the power supply output voltage can be controlled by changing the resistance in the
control current circuit. Since the output voltage is given by. Eq = Ip Ry (Eq. 3) and the control current value
by: 1p = E¢/R;, a variation in the reference resistance {Ry) will (inversely) vary the control current (lp) and
consequently the output voltage (Eg). The output voltage (Eq), changes therefore as a reciprocal function of
the reference resistance. This programming method is therefore referred to as CONDUCTANCE

PROGRAMMING.

Conductance programming can be very useful, especially in ‘cases where small changes in output voltage are
required. Another advantage of this type of output control is the “built-in" safety feature. Should the
programming circuit open accidentally, the programming current, and consequently the power supply output
voltage become zero at once.

NOTE: The internal reference zener source (E¢ = 6.2 volts) has been biased for maximum temperature stability at a

3-12

control current of 1 mA. When conductance programming is performed the control current is varied, and
the specifications for output variations with time and temperature are slightly increased [|f these
performance specifications are considered essential for the application at hand, external control current
sources can be substituted for the internal reference voltage.

JQE vz + FULL—-25/75



3-49 Normally the contro! current (I} in Kepco Power Supplies is derived by means of a reference voltage {E() in
series with the reference resistance (Ry):

Ib = E(/Ry

Since Er = 6.2V, Ry = 6.2 K ohm, I =1 mA. If Ry isdoubled for example:

6.2V 05 mA
b = 22 Konm - 9O MA
and since Eq = Ip Ryc, for a constant Ryc, the output voltage {Eg) would be one-half of the previous value,

This, in principle, is the method for conductance programming: The reference resistor is disconnected and a
second control resistor is connected in series with Ry, so that the new transfer function for the power supply
output voltage is now given by:

Er
Eg =— X Ryc.(Eq. b} where: Eg = output voltage
Ry + Ry E _
r = reference voltage
Ryc = control resistance
Ry = reference resistance
Rx = programming resistor
ATTENTION: See fold-out ————— I, REFERENCE
diagram at the end of this JOE-REAR VIEW® l——IoCONTROL
section (Section 11} relating I— —_— o T 3
the connection diagram to the TBS50I TB206 | [~ Lo COMMON
power supply circuitry. | |eovreur m ®
MONITOR
2 |t+1sEnsING
NOTES: (COMMON) I
1) Avoid electrical shock: 3 (-)OUTPUT _ oUTPUT
Connect load and | © | moniTOR (=) (+)
external components 4 |t-)sensine
before applying a-c EXT.
power to the power VOLTAGE VOLTAGE
supply. CONTROL i CONTROL(RVC) |
i ) INV. INPUT
2) A/femate signal grounq — 6 [(nw NPUT,
points may be chosen: Rx 1 LOAD
. 1y REF. CHASSIS
refer to par's. 3.7 to 1@! 7 (R isToR
3-10. REMOVE — —accrounol oo
. . . JUMPER: ! &
3) Twist all wire pairs. Use 6)~(7) g | REF. VOLTAE |
shielding as indicated. - 'EF
REF,
4) See Section V for 9 | ResisTor
power supply perform- _
ance measurements. —_— —_— —
= SIGNAL
FIG.31! CONNECTIONS FOR REMOTE OUTPUT VOLTAGE CONTROL GROUND
BY INVERSE RESISTANCE (CONDUCTANCE ) CHANGES
3-50 PROCEDURE (Refer to FIG. 3-11)
Example: A Model JQE 6—45 is to be conductance-controlled for a voltage output from 4 to 5 volts.
a) Turn power supply “‘on’ and set the output voltage control to the maximum desired voltage {5 volts).

Turn power supply “‘off.”

b) Select programming resistor {Rx), using the new transfer function (Eq. 5):
All values {except Rx) are known:

New Eg desired = 4 voits theretore, solving for Ry:
Er =6.2V E
Rr=6.2 K ohm Ry = _EL Rvc- Ry, or
Ryc set to 5 K ohm o}
_ 6.2V
Rx = 57 X 5K-6.2K =156 K ohm.
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Connect a 2 K ohm, rheostat-connected, trim potentiometer {Ry) to the rear terminals as shown in
FIG. 3-11. After power supply turn-on, the resistor (Ry) will provide an approximate output voltage
range from 3.8 to 5 volts, as its value is varied from zero to 2 K ohm.

351 REMOTE PROGRAMMING WITH EXTERNAL CONTROL VOLTAGE

352 if the internal reference voltage of the JQE (E;) is replaced by an external programming voltage (E;) in series
resistance {R;}, the expression for the output voltage can be written as:

K Eo = Ej F;vic (Eq. B), where: Eg. = outputvoltage
E; = inputvoltage
Ryc = control resistance
R; = inputresistance

3-53 As seen from the expression (Eq. B), if the ratio Ryc/Rj (which represents the closed loop gain of the system}
is held constant, E, will vary linearly with E;, the external programming voitage. The above expression (Eq. 5)
is seen 1O be similar to the operational amplifier transfer function in the inveting configuration. The voltage
programmed power supply does, in fact, become a unipolar power amplifier with potentially very high power
gain but with limited frequency response. {Refer to FIG. 3-12). The limited frequency response is’lafgely 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 voitage may be varied over the full range, bounded on the high end by the
maximum rated value. A practical example to iliustrate component selection will be given below.

. NOTE: The builtin VOLTAGE
CCNTROL (Ry,) is rated
for @ maximum of 1 mA

control current. Larger - - -
coantrol current values Rfc JQE
may be used with v
properly rated external | ggh];%%f {
feedback resistors for ks |,}_ 1O~
Rue " UNREG. =)
Smaller control currents VOLTAGE
may be used, with the | Cout. | L
lower 1imitg 7 Ef_é?lsli-NT-i- g
approximately 100 UA. ¢ op 0
! OPEN VOLTAGE MODE
AMPLIFIER
| SR b2
& (L) .

| . :

T

| - — _

FIG.3-12 THE POWER SUPPLY IN THE OPERATIONAL AMPLIFIER MODE.
(SIMPLIFIED DIAGRAM SHOWING THE VOLTAGE CHANNEL ONLY)}

354 Exarnple: A Kepco Model JOE 36—30 is to be voitage programmed over its full range (0 to 36V) by a
triangular, positive increasing source with a peak output voitage (E;) of 2 volts, and able to deliver at least
1 mA control current. Since the required voltage gain is: Eq/Ej = 36/2 = 18, the ratio Ry/Ri must also equal
18. If the internal voltage control is retained, in this case, since Ryc =40 K ohms,* R;j must equal
40 K/18 =2.22 K ohms. FIG. 3-12 shows the simplified diagram of the JQE Power Supply as an operational
amplifier, while FI1G. 3-13 illustrates the necessary connections for this mode of operation.

* The front panet “Voltage Control'’ must be set to its maximum clockwise position (40 K ohm).
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JQE - REAR VIEW

1o REFERENCE

’— Io CONTROL

I T850I TB206 | 10 | tI 12 _l—xo COMMON
NOTES: (+)ouTPUT :
) . I |'moniTor @
1) Avoid electrical shock: T (+1sENSING
Connect load and {COMMON)
external components Ei OUTPUT I
before applying a-c ov 3 (Jc)v?«‘f':::T (<) )
power to the power A —4—
(—)SENSING
supply. ' T
2) Alternate signal gtound VOLTAGE
points may be chosen: 5 | conTroL(RVC) 2%
refer to par’s. 3-7 to : INV. INPUT €
310. REMOVE (NULL JCT.)
3) Twist all wire pairs. Use LINK: N 7 | Rer. CHASSIS LOAD
shielding as indicated. (6)-(7) L>)] | RESISTOR "=AC GROUND %
4) See Section V for g | REF. VOLTAGE |
power supply 6.2V-IMA
performance —ﬂsgglsron
measurements.
| — — —_— — SIGNAL
GROYND .
FIG. 313 CONNECTIONS FOR REMOTE QUTPUT VOLTAGE CONTROL
BY MEANS OF AN EXTERNAL SIGNAL VOLTAGE.
3-55 CURRENT STABILIZATION WITH EXTERNAL SENSING AND CONTROL

3-56

3-57

3-58

The operation of the JQE Power Supply as a current stabilizer in the current limit mode has been described
previously (refer to par. 3-26). This method was seen to be suitable only for non-critical applications requiring
relatively large output currents. For applications requiring more precise stabilization than that which can be
provided in the current limit mode, the JOQE can be operated in an external current-stabilizing mode. This
method is especially suitable if smal/ values of output current are required. In the external current mode, the
voltage error-sensing arpplmer senses a sample voltage drop {proportional to the output current} and an
external current comrol resistor provides the feedback. Thus a constant ratio between the internal reference
source and the external sensing voltage is maintained and stabilized output current {instead of stabilized

voltage) is available at the output of the JQE.

Since the voltage mode amplifier is used to stabilize the output current in this operating mode, external
voitage limiting can be provided externally, by means of a zener diode, for example,

The external sensing resistor {Rs) and the external "current control” resistor (R¢c) are calculated on the basis
of a 0.5 volt drop!!? across R at the maximum desired output current. The value of'Rs {and the voltage drop
across it) is not critical and can be the closest standard value available. A too large departure from the
recommended value should, however, be avoided because of the following facts:

The recommended sample voltage represents a compromise value, backed by experience. While a larger sample
would be desirable from signal/noise considerations, it is not acceptable because of excessive dissipation in the
current sensing resistor (Rg) and its undesirable effects on stability. It must be remembered that all the ioad
current is flowing through Rg and that a high gain amplifier is connected {via R¢g) across its terminals. All
extraneous changes {resistance changes due to temperature) must therefore be kept to a minimum. in
summary, dependable, drift-free current stabilization requires a high quality, tow T.C. (20 ppm or better)
resistor, as large as practicable, but at /east one with a.wattage rating of ten times the actual power dissipated.
The control resistor {Rec) should also be a high quality component with low temperature coefficient and
sufficient resolution for the purpose intended.-

D 1 volt for Model JQE 6—90.
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359 The values for Rg and R¢c are calculated as shown in the following example using the equivalent diagram

(FIG. 3-14).

Er
Rr =Ib

VRS=IsRs

Is=Io-Ib
AT BALANCE:
Er _ VRs

Rr ) Rcc

Ree
|Le=Ib|——
° (Rs

:

€=0

NOTE: R should be physically located as
close to the {+) outpul terminal of the power
supply as possible. tf, however, long output
and sensing leads cannot be avoided, the (+})
terminal of the output capacitor (Cg) must be
internally reconnected from the (+) sensing to
tha (+) output terminal.

In

Roel” 1

EX

T. CURRENT
CONTROL

Rve

5,

{{_OPEN
A

Er

H -,
R
4
VOLTAGE
AMPL.
| SR
=

| VOLTAGE
CONTROL

JQE

Rg(EXT SENSE)

F1G. 314 JQE AS A CURRENT STABILIZER USING THE VOLTAGE CHANNEL
WITH EXTERNAL SENSING AND CONTROL (EQUIVALENT CIRCUIT).

Since E(/R; = Ip = 1 mA, and the voltage sample {VRS) was selected to be 0.5 valt (1.0 voit for JOE 6—90),
we can substitute these values in the balance equation:

1-K ohm (JQE 6—90}.

S _ Y d solve for R
— = —— and solve for :
Ry + Ree cc
0.5V 500 oh . 1.0V
Ree = TrA ohms, and «< = TmA
The sensing resistor (Rg) is calculated by:
0.5V

VRS =

Is Rgor Rg =
s

s

1V
—— and — for JOE 6-90.

3-60 The output current of the JQE may be controlled either by the current control resistor (Rec), or, (as indicated
with dashed fines in FIG. 3-15) with an adjustable d-c voltage source {Eccl. The control source must be @ to
0.5 volt, (1 volt for JQE 6—90). If a control voltage (Ecc) is used, the internal reference voltage (Er) must be’

disconnected by opening the jumper between terminals (8) and {9).

NOTE: Rg (FIG. 3-15) should be located close to the (+) output terminal of the JOE and load wires should be
short. Excessive load wire impedance may lead to a dynamically unstable output. |f long load wires cannot
be avoided, the (+) terminal of the vutput capacitor {Cq in FIG. 3-14) must be removed from the (+)
sensing terminal and reconnected directly to the (+) output.

JQE~REAR VIEW

1

2

-

3)

4)

| T850! T8206
REMOVE LINKS: {‘@1 { |nouteur
NOTES: (11-(2)AND(5)-(6) 1 lF MONITOR
. . |, | (+1SENSING
Avoid electrical shock: L__l (COMMON)
Connect load and
external components 3 (;)O%‘,"TT::T
before applying a-c »l
power to the power 4 |(-)SENSING
supply. ra= [_—
Alternate signal ground MIE LORTROL(RVC)
points may be chosen: | INV. INRUT
refer to par’s.3-7 to € [(nuLL get)
3-10. 7 [=e
Twist all wire pairs. Use 1STOR
shielding as indicated. ™ REE VOLTAGE
See Section V for 8|6 2v-1ma
power supply g [Ree.
performance ! RESISTOR

measurements.
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S
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Xo REFERENCE
Io CONTROL
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CHASSIS |

' EXT. SENSING

LOAD

FI1G. 3-15 CONNECTIONS FOR CURRENT STABILIZATION (EXTERNAL SENSING AND CONTROL}.

3-16
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PROGRAMMING THE CURRENT CONTROL CHANNEL

3-61 GENERAL

3-62 Kepco JQE Models with Option “'Y*' feature an additional control channel for external programming of the

current limit function. Control may be exercised by a small d-c control voltage or by a potentiometer. The
front panel current limit control of the JQE serves as a ""back-up’’ limit in this mode of operation. In this
manner, additional protection is provided in case of an open circuit in the external current control circuit. The
internal and external current limit controls can be set independently from one another. The control set to the
lower output current value is always in control of the output current. .

NOTE: A substantial improvement of the current stabilization performance (approximately 0.1% vs. 2%) is achieved

by the “Y"-option JQE Model over the standard JQE Model. The improvement is due to the use of an
additional high-gain operational amplifier as the control element in the remote current limit mode. The JQE
Model with Y’ option can therefore be operated not only as a remote current limiter, but also as a current
stabilizer in applications where the improved current stabilization performance is adequate.

3-63 REMOTE CURRENT LIMIT CONTROL BY POTENTIOMETER. A potentiometer, connected to the rear

terminals of the JQE as shown in FIG. 3-16 will control the current fimit over the full range of the JQE Power
Supply. The potentiometer should be a 1000 ohm, high quality, multiturn, wirewound unit for
good resolution and high stability. Sufficient reference current is provided, so that the maximum output
current value can be calibrated by inserting a series trim rheostat. The zero point is adjusted by the internally

provided 15 ZERQ control. 1o REFERENCE
JQE-REAR VIEW [————— Lo CONTROL

ATTENTION: See fold-out [ 8501 TB206 [ 10 | 11 | 12 |14 coMmoN REMOVE LinK:

the connection diagram to the
power supply circuitry.

|-

(+)SENSING Io MAX. EXTERNAL
{COMMON ) CAL. CURRENT

CONTROL
3 iy YK OHM
(~)OUTPUT QUTPUT g ow
MONITOR (-) (+) 1(
(~)SENSING
’ EXT. MEASURING
| |REsisToR

VOLTAGE erl-u

CONTROL{RVC)

Rm
INV. INPUT
(NULL e s CHASSIS LOAD
REF. ~=AC GROUND
RESISTOR

. — K
diagram at the end of this |’ ¥
®|
section (Section 1l1) relating (;)&J;S:T L_QE..,._J @
1 :l

P’_
£

REF. YOLTAGE
6.2V—-IMA

o | @

1]

% %)l % 5][% 4]
~lelol=]e

]
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RESISTOR o) e} o)

FIG. 3-16 CONNECTIONS FOR REMOTE CURRENT LIMIT CONTROL BY POTENTIOMETER | SIGNAL

{FOR JOE MODELS WITH OPTION "“Y" ONLY) = GROUND

364 SET-UP PROCEDURE

JQE 2 + FULL—25/75

1) Connect the potentiometer, in series with the calibrating rheostat, to the terminals of the JQE as shown
in FIG. 316. DO NOT REMOVE THE JUMPER LINK (10)—(11) ON TB201 AT THIS TIME.

2) Connect shield (single ended) to the selected signal ground. Connect external ammeter, or precision
voltmeter across a meter shunt (as shown in FIG. 3-16), in series with the foad.

3} Before connecting the JQE to the a-c power source, short the load. Now, connect JQE to the a-c power
source and turn JQE “on."" Adjust the maximum desired output current on the front panel CURRENT
LIMIT control. (This control serves as the ‘back-up’ current limit. i ts setting determines the maximum
current which can be controlled by the remote potentiometer.) Turn a-c power "“off."”

4) NOW, disconnect, the jumper link {10)—{11)} on TB201. Turn a-c power “on.” Vary the external
contro! potentiometer between its limits, while monitoring the output current of the JOE Power
Supply as shown on M1 in FIG, 3-16, or by means of a suitable ammeter in series with the load.

The output current should change from approximately zero to the maximum output current as set in
step (3), as the external current control potentiometer is varied bwteeen its counterclockwise and
clockwise positions. Remove the short circuit across the load.

3-17



3-65 CALIBRATION
NOTE: SEE SECTION II, FIG. 2-1 FOR THE LOCATION OF ALL INTERNAL CONTROLS.

3-66
3-67

3-68

Due to internal and external component tolerances, the programmable output current range may not be as
predicted. {f in the above example, the maximum output current cannot be reached {(or is too high), or the
output current does not completely go to zero, the.system can be calibrated as follows:

1% Connect an accurate ammeter, or a measuring resistor {Rpq in FIG. 3-16) and a digital voltmeter in
series with the load. NOTE: Rp is selected according to the available meter. A linear readout can be
achieved by selecting Rp to drop 0.1 volt at the maximum output current, for example. {Use
4-terminal meter shunt for Rp.)

2) Turn a-c power “‘on,”” and adjust the external CURRENT CONTROL potentiometer to its maximum
clockwise position. NOTE: Refer to FIG 3-16. The maximum clockwise position should establish
maximum resistance between terminals (11}—{12)} on TB201. Check the output current on M1 and
correct to “lg MAX." using the external “Io MAX CAL" control. (The value of the “Ig MAX CAL"
control should be approximately 15% of the value for the EXTERNAL CURRENT control.)

3) Turn the EXTERNAL CURRENT control 1o its maximum counterclockwise position. Check the
output current reading on M1 and correct to ““zero’ by adjusting the "I ZERO'" control {right top
side, accessible through cover of JQE).

4) The programming setup {JQE Power Supply, Control Voltage and Load) is now calibrated and ready for
operation. Calibration should be checked and corrected if necessary after the setup (including the
meter!} has reached thermal equilibrium.

VOLTAGE CONTROL OF THE JOE CURRENT LIMIT

GENERAL. The output current of the JQE Power Supply can be externally controlled by connecting a
variable d-c voltage source to the programming terminals as shown in FIG_ 3-17, The external control voltage

should be as follows:
A) 0—1 volt for Model JQE 6—90 and for JOE models with maximum output currents to 5 amperes.

B) 0--0.5 volt for all other JOQE models.

The control current which these sources must supply is negligible {(offset currents in the nanoampere range)
since the non-inverting input of an integrated operational amplifier is used to control the JQE Power Supply

output,

SET-UP PROCEDURE

NOTE: The control source can be any adjustable d-c source. It may be as simple as a mercury cell with a

ATTENTION: See fold-out

potentiometer across it, or as sophisticated as a digitally controlled programmer, such as the Kepco SN
Digital Programmer.

diagram at the end of this
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F1G. 3-17 CONNECTIONS FOR REMOTE CURRENT LIMIT CONTROL BY A D-C VOLTAGE SOURCE.

3-18

(FOR JQE MODELS WITH OPTION “Y'" ONLY)
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1)

2)

3)

4)

Connect the voltage source, with a shielded cable to the programming terminals as shown in FIG 3-17,
DO NOT REMOVE THE JUMPER LINK {10)—(11) AT THIS TIME,

Connect the shield (single ended) to the selected signal ground. Connect external ammeter, or voltmeter
with precision shunt, as shown in FIG. 3-17.

Before connecting the JOE to the a-c power source, short the load. Turn JQE "on,” and adjust the
maximum desired output current on the front panel CURRENT LIMIT control. {This contro! serves as
the "“back-up’’ current limit. Its setting determines the maximum current which can be controlled with
the remote voltage source.) Turn a-c power ""off."” -

Now, disconnect the jumper link {10)—{11) on TB201, connect JQE to the a-c power source and turn
a-c source power “‘on.” Vary the external d-c control voltage while ménitoring the output current on
the JQE Power Supply on M1 in FIG. 3-17. The output current should change from approximately zero
to the maximum output current as set in step (3), as the programming voltage is varied from 0 to
0.5 volt {0—1 volt for JOE 6—90). Remove the short circuit across the load.

3-69 CALIBRATION
NOTE: SEE SECTION 1, FIG. 2-1 FOR THE LOCATION OF ALL INTERNAL CONTROLS.

2)

3)

4)

JQE ' +

Due to internal and external component tolerances, the programmable output current range may not be as
predicted. If, in the above example, the maximum output current cannot be reached (or is too high), or the
output current does not completely go to zero, the system can be calibrated as follows:

Connect an accurate ammeter, or a measuring resistor (Rp in FIG. 3-17) and a digital voltmeter, in
series with the load. NOTE: R is selected according to the available meter. A linear readout can be
achieved by selecting R to drop 1 volt at the maximium output current, for example.

Turn a-c power “‘on,” and adjust the externa! programming source to exactly 0.5 volt (1 volt with
Model JQE 6—90}. Check the output current on M1 and correct to0 "|o MAX.”, using the front panel
CURRENT CONTROL of the JQE Power Supply. NOTE: In rare cases, the maximum clockwise
position of the front panel CURRENT CONTROL will not produce the maximum output current. In
these cases, locate the internal 1o MAX'" control (right top side, accessible through cover of JQE} and
correct setting until |o MAX is read out on M1.

Adjust the external programming source to exactly 0 volt. Check the output current reading on M1 and
correct readout to zero by adjusting the "“Ig ZERQ™ control (right top side, accessible through cover of
JQE).

The programming setup (JQE Power Supply, Control Voltage, and Load) is now calibrated and ready
for operation. Calibration should be checked and corrected if necessary after the setup {including the
meter!) has reached thermal equilibrium.
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3-70 SERIES OPERATION OF KEPCO JOQE POWER SUPPLIES
3-71 GENERAL. Kepco JQE Power Supplies can be series-connected for increased voltage output, prqvided 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. 3-18. 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 supphies. i
3-72 Two basic series connection methods are generally used, the ““Automatic Series Connection”, as illustrated in
FIG. 3-18, and the “Master-Slave’’ connection, shown in FIG. 3-19. The basic difrerence between these two
methods lies in the manner of the output control. While in the ""Automatic’ connection the outputs of both
supplies may be controlled individually, in the “Master-Slave” connection, contro} 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.”
3-73 PROCEDURE FOR AUTOMATIC SERIES CONNECTION
a) Connect load as shown in FIG. 3-18. 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 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.
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JQE - REAFi_VIEW | r—.‘xoconmm JQE-REAE_VIEW
| TS0} TB206 [ 10 | 11 | 12 J-T, common [Tes0i
-9 _
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(-JouTPUT ; ouUTPUT l“ﬁ_ - OUTPUT
| 3 | montToR L (+) ;@ Li(,,g,g‘:;ggf (-3 {+)
4 | (~1SENSING ' (O Q1] 4 [(-1sENsING
] ' L=t |
5 VOLTAGE VOLTAGE
CONTROL (RVC| 5| controLtave)
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7 REF. b 7 | REE. L
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9 [AESisToR _ 9| ReSisTon
| _ - |
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—

3-20
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FIG. 318 AUTOMATIC SERIES CONNECTION OF JQE POWER SUPPLIES
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3-74 The "Master-Slave” series connection method is illustrated in FIG. 3-19. As seen from the figure, the reference

375

376

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
on the ""Master’’ output voltage: .

Eos=Eom _F\t/f—s ,where:  Egm = Output Voltage, Master
Eos = Output Voltage, Slave
. Rt Tracking Resistor
' Rycs = Voltage Control Resistance, Slave

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 (Rycs), @ “tracking ratio of 1:1 is achieved and the output of the ““Slave’” will
equal that of the “Master.”” If a single load is connecled 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.

The ratio Eqg/Egm can be readily changed if the application so requires by simply altering the value of either
Rves or Ry. In practice, since Rycg is the ten-turn voltage control rheostat of the ““Slave” Supply, the tracking
resistor (Ry) is selected for the desired tracking ratio. The value of Ry is determined from the parts list and
Ry is selected accordingly to the selected ratio. For a 1:1 ratio Ry = Rycs, for a 1:2 ratio, Ry = 1/2 Ryg etc.

PROCEDURE FOR MASTER-SLAVE SERIES CONNECTION _

a) Connect load as shown in FIG. 3-19. Keep voltage drop in the load wires as low as possible by using
heavy gage wire.

b) Connect protective diodes across the respective output terminals.

c) Remove jumper links as shown (FIG. 3-19) 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. 3-19).

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

Io REFERENCE Xo REFERENCE
JQE-REAR VIEW ? [—————Lo CONTROL JQE-REAR VIEW [————Io CONTROL

-

TB50 TB206 | 10 | 11 | 12 |3 1o COMMON | T85OI TB206 To COMMON
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(+)SENSING H@ 1| p |(+HISENSING
(COMMON) | N (COMMON ) I
(-)ouTPUT ouTpLT FST| 5 [roureur OUTPUT
MONITOR (=) +) '® i MONITOR -} (+)
- (g ?) <§ E) ! ! -
(~)SENSING | L@_J 4 [(~)SENSING Q_N@
VOLTAGE VOLTAGE
CONTROL {RVC) QSPS;EYR 5 | conTROL (RVE) ng'}F\,IEY
INV. INPUT 6 |INV.INPUT
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REF. REF
RESISTOR L I A=l L@_} 7 | RESISTOR L I
AC GROUND — ] | | AC GROUND
REF, VOLTAGE g | REF. voLTAGE
6.2V-1MA 6.2V~iMA
REF. o | REE.
RESISTOR RESISTOR
AN~
Rt
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{(1y-(2) {1)-(2),(3)-(4}ANO(6)-(7)
LOAD
= SIGNAL
~ GROUND

FIG. 3-19 MASTER/SLAVE SERIES CONNECTION OF JOE POWER SUPPLIES
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PARALLEL OPERATION

GENERAL. Kepco JQE Power Supplies equipped with an overvoltage crowhar (JQE 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 reqmred and only
power supplies with lower than required current ratings are available. In these cases, the power supplies can be
paralleled if the crowbar ¢ircuit 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 (Ad). If overvoltage
protection is considered essential in the application at hand, a separate crowbar circuit, rated for the total 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. 3-77 to 3-82. USE PARALLELING IN EMERGENCIES ONLY.

CROWBAR CIRCUITS MUST BE DISABLED.

377 PARALLEL OPERATION

378 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
singie power supply), the "Automatic” parallel connection can be used. For load changes exceeding the
maximum rating of a singie power supply, the "Master/Slave’ method is suitable. For either method, some
general rules should be observed: '

1) Paraliel only supplies which can be adjusted to the same compliance {output) voltage.

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

3) Common a-c power source “turn-off” for all supplies is recommended.

3-79 AUTOMATIC PARALLEL CONNECTION
3-80 PROCEDURE FOR AUTOMATIC PARALLEL CONNECTION (See FIG. 3-21)

1) Connect the power supplies to be paralleled to a common a-c source (preferrably 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 voitage.

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. 3-21).

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 ata
slightty 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.

6) The “current” control of SUPPLY #1 can now be adjusted as 1o equalize the total-load current between
SUPPLY #1 and SUPPLY #2, and operation can proceed. ERROR SENSING CAN NOW BE
CONNECTED FROM SUPPLY #2 {F THE LOAD WIRE DROP CANNOT BE TOLERATED.

NOTE: The output graph below {refer to FIG. 3-20) shows how the two power supplies operate in the parallel
mode. As seen from FIG. 320, load variations should be confined within the stabilization region of
SUPPLY #2 since there is an initial adjustment error (AE) between the two supplies.

e Use suitable external ammeters in series with the (+) output lead of each power supply on meterless JQE models.
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FIG. 3-20 “AUTOMATIC” PARALLEL OPERATION {TWO SUPPLIES).

3-81 MASTER/SLAVE PARALLEL CONNECTION. Two power supplies are shown in FIG, 3-22, although more
can be parallefed, each unit requiring its own sampling resistor. The sampling resistors (Rg,, Rg; in FIG. 3-22)
are of equal value and are selected such that the voltage drop across them (due to the output current}, plus the
voltage drop in the load connection feads does never exceed 0.5 volts. If the voltage drop across the load
connecting leads alone is at least 0.1 volt, the sensing resistors can be deleted since the leads provide the
necessary sample voltage. For equal current sharing, however, the lead /ength and diameter should be the same
for both power supplies. Qutput control is exercised from the “"Master’’ supply.

3-82 PROCEDURE FOR "MASTER/SLAVE" PARALLEL OPERATION (See FIG. 3-22)

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

2) Make sll load and sensing connections as shown in FIG. 3-22. The error sensing connections may be
deleted if the minor voltage drop across the load wires (which subtracts from the available compliance
voltage} can be tolerated.

3) 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 pane!l meters on both power supplies. Adjust output
control on the “"‘Master’” supply, such that both supplies share the load current equally.
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FI1G. 3-21 BASIC PARALLEL CONNECTION OF TWO JQE POWER SUPPLIES
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FIG. 3-22 MASTER/SLAVE PARALLEL CONNECTION OF TWO JQE POWER SUPPLIES
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3-83
3-84

3-85

3-86

3-87

3-26

INTERNAL ADJUSTMENT PROCEDURES

GENERAL. This paragraph describes all internal adjustment procedures, which have not been previously
covered. Refer to Section 11, paragraph 2-3 for a listing and location of all adjustment procedures.

MAXIMUM QUTPUT CURRENT {*’lg max. adj.”’} ADJUSTMENT. This adjustment serves as a calibration for

the range of the front panef Current Limit Control. The “’Io max. adj.” {R 19} is located on the printed circuit

board {Refer to FIG. 2-1). It is factory set so that the front panel control covers an output current range of

2—-105% of the maximum rated output current. Re-adjustment of the "“lg max. adj.” control is to be,

restricted. A convenient way to make the adjustment is as follows:

a) Load the output of the supply to draw the maximum output current of 105% of rated output current with
the front panel Current Limit Control fully clockwise. Monitor the output voltage with an oscilloscope
having a vertical sensitivity of at least 0.1mV/cm.

b) Observe the oscilloscope. Current limiting is indicated by a sharp increase in output ripple. Locate the
““lp max. adj”’ control and turn slowly until limiting occurs at the point required. Clockwise adjustment
will increase the maximum output current range, while counterclockwise adjustment will decrease the
range. DO NOT ADJUST TO MORE THAN 105% lg max. Although this might be possible due to
component tolerances, malfunction of the power supply will be caused by exceeding the rated
maximum output current,

LAG NETWORK ADJUSTMENTS. With most models in the JQE series it is necessary to shape the gain-phase
characteristics of the error-signal amplifier with external compensation networks, to achieve stability for any
amount of feedback. Since gain and phase shift differ from model to model, either one or two adjustable lag
networks are provided (R16—C9 and/or R36—C10,*. Lag network readjustment is indicated if components
affecting the frequency characteristics of the amplifier are replaced, or if the load connected to the power
supply contains excessive capacity or inductance, causing instability. The instability is usually indicated
by high frequency oscillation as observed with an oscilloscope across the pnower supply load. In such cases,
the lag network should be adjusted so that stable operation is resumed. |f in extreme cases adjustment of
the fag network should not prove sufficient, twisted-load and error-sensing wires or decoupling capacity
directly across the load may provide a solution to the problem.

*C12 in Model JQE 6-90.

AMMETER ZERO ADJUST (MODEL JQE 6-90M ONLY). A meter amplifier is connected between the
sensing resistor and the ammeter lo reduce the loading effect on the sensing resistor. Offset control of
the meter amplifier is used to achieve perfect zero of the ammeter. Adjustment of this control should be
needed only in cases where either the meter amplifier or the ammeter is replaced.
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