ATCTTT TR
MOTARAUMENT PFOOL

LIBRARY

o e -

e U

TNSTRUCTION MANUAL
POR
RECULATED POWER SUPPLIES

MODELS LHIL19A, ﬁHll9AwFM, LH119A~-8

MODELS LE 116, LH 119 FM, LH 1193
BEARING SERIAL NO.

PREFIXES A, B, C

This manual provides instructions intended for the
operation of Lambda power supplies, and 1ls not %o

be reproduced without the written congent of Lambda

Electronics Corp. All information contained herein
applies to metered, non-mentered, and chassis-mount-
ing models unless otherwise specified,

MELVILLE, L. I.,

LAMBDA ELECTRONICS CORP,
516 MYyrtle 4-4200

IM LE 119

MAIN PLANT TELEPHONE:






SPECIFICATIONS AND FEATURES

Specifications apply for the non-metered LH 119, metered LH 119FM
and chassig-mounting LH 1198 models.

DC_OUTPUT-~Voltage regulated for line and load
Voltage Range. .. ovoveoeeosses . 0-10 volts DC

Multi-Current Ranges..........Current range must be chogen to sgult
the appropriate maximum ambient temp-
erature. Current ratings apply for
entire voltage range

Ambient Temperature..... ce.s  30°C 50°C 650°C 71°C

Current Range.....eeeesesess 0-9.04 0-8.0&8 0-6.,94 0-5.84

REGULATED VOLTAGE CUTPUT

Regulation (line).............Less than 0.015 percent or 1.0 milli-
volt, whichever is greater for input
variatlong from 105-135 or 135-105
volts AC

Regulation (load).............Less than 0.015 percent or 1.0 milli-
volt, whichever is greater for load
variations from ¢ to full load or full

load to O
Tranglent Response............0utput voltage 1s constant within reg-
(line) ulation specifiications for any 15-volt
line voltage change within 105-135
volts AC
Transient Response...... ceses.Outpult voltage is constant within 50
(1load) millivolts for load changes full load

toc 0, within 50 micrceseconds after
application; 1s constant within 14
millivelts for load changes from O to
full load within 50 microgeconds after
application and 1s congtant within 10
millivolts Tor load changes full lcad
to 10% of load within 120 microseconds
after application

Remote Programming Constant,..200 ohms/volt output

Internal ImpedancCe........e... Less than .166 milliohms DC to 400
cyeles
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Ripple and Noise...... cvaeesso.Less than 250 microvolts rms; 1
miilivolt peak to peak with either
positive cor negatilve terminal grounded

Temperature Coefflclent....... Qutput change in voltage less than

0.015%/°C

be oUTPUT-~-Current regulated for line and load:; Automatic Crossover
B . With voitage 1limit

Multi-Current Ranges..........Current range must be chogen to gult
the appropriate maximum ambient temp-
erature. Current ratings apply for
entire voltage range

Ambient Temperature...... 30°¢C 50°C 60°¢C 71°C
Cur’r‘el’lt gamge-nonavoocaooo}-o8—9¢OA 108"'830A 1.8""“639A 1-8—598A
Voltage Range...c.cevesesossas.0-10 volteg DG, for entire current
range

REGULATED CURRENT OUTPUT; AUTOMATIC CROSSCVER

Regulation {line).............Less than 15 milliamperes for input
variations from 105-135 or 135-105
volts AC

Regulation (load).......v.....Less than 15 milliamperes for load
voltage changes from O to 10 or 10
to O volts DC

Ripple and Nois€....v0vvvv0...Le88 than 6 ma at 55-480 cps;
Less than 18 ma at 45-55 c¢ps; both
with elther neg. or pos. terminal
grounded

DC _QUTPUT--Current regulated for line and load; Barrier strip recon-
- nection for Precision Current Regu-
lated Output with no veltage limiting

Multi~Current Ranges..........Current range must be chosgen to suilt
the appropriste maximum ambient temp-
erature. Current ratings apply for
entire voltage range

Ambilent Temperature.. 30°¢C 50°C 60°C 71°C
Current Range........0.45-9.08 0.4-8.08 0.34-6.94 0.29-5.84A

Voltage Range.....eouees00000..0-10 volts DC, for entire current range -
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REGULATED CURRENT OQUTPUT;

Regulation (line).......

Regulation (load).......

Ripple and Nolge..... .

Remote Programming......

PRECTISION CURRENT REGULATED

vee...Less than 0.05% or 0.5 milliampere,
whichever is grester, for input vari-
ation of 105-135 or 135-105 wvolts AC

ees...Legs than 0.05% or 0.5 milliampere,
whichever l1g greater, for load changes
from 0-10 or 10-0 volts DC

cesve...Less than 2 ma at 55-480 cps;

Legs than €& ma at 45-55 cps: both
with either neg. or pos, terminal
grounded

veeee.lO0 ohims, 2-waitt resistance for max-
imum rated current; adjustable over
range by decreaging resgigtance

AC INPUT--105-135 or 205-265 ("V" option) volts AC at 45-480 cps;

270 watts*

*With output loaded to full 30°C rating and input voltage

135 wvolte AC
OVERLOAD PROTECTION

Themna]~on0avo-¢-ouraco-o

Electrical

External...oseennenn

Internal. .o eeeonennns

eeoew o hermogtat, regets subtomatically when
over-temperature conditlon i1s ellimin-
ated

oo e e Adjustanle, automatic, electronic
current-1limiting circult, settable
to 105 percent of rated current;
limiteg output current to preset limit
for vrotection of load and power
supply when external overloads and
direct shorte occur

e seee Fuse provideg protectlion against in-
ternal circult fallure

INFUT AND OQUTPUT CONNECTIONS--~Heavy dufty terminal block on rear of

L 119

chassls with 5-foot, Z-wire detach-
able line cord for all modelg; five-
way blnding posts provide for addi-
tional positive (+), ground, and nega-
tive (-) DC output connectlons on
front panel of FM models
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OPERATING AMBIENT TEMPERATURE RANGE AND DUTY CYCLE--Continuous duty
from 0°C to 71°C ambient with corres-
ponding lcad current ratings for all
modes of coperatiocon

STORAGE TEMPERATURE-- -55°C to +85°C
(non-operating)

METERS--Voltmeter and ammeter on metered (FM) models

CONTROLS
DC output contrcls..iees......C0arse and fine voltage controls and
current control permit adjustment of
DC output; located on front panel of
all models
Test Jacks (+) (=).....v......Test Jacks for non-metered model per-
mit checking DC output with external
meters
Remote Sensing...... Provision is made for remote gensing to elimi-
nate effect of power output lead reslstance on
DC regulation
Power.......... .....Panel mounted switch and indicator light for all

units except models with suffix (S)

PHYSICAL DATA
SiZ. e onsnanaess5-3/16"H x 8-3/8"W x 15-5/8"D (LH 119, LH 119FM)
4-5/16"H x 8"W x 15-5/8"D {LH 1193)
Weight,.ioesoesonns .25 1lbs, net; 30 lbs, shippling wt.
Panel Finish........Brushed aluminum clear anodized panels with grey

inlay (standard); special finishes available to
customer's specificationg at moderate surcharge

MOUNTING :
Laboratory bench, table top...LH 119, LH 119FM
Chagsis Mounted...ooeeooesssaLH 1198

NOTE: Bumpers secured to the base of LH 1198 units permit
circulation of air through the unit. Do not remove bumpers
unlegs the chassisg-mounting 1s provided with a cutcut to
permit free-~flow of alr through the unit.

Standard 19" rack..... ILH 119, LH 119FM; used with rack adapters:
LRA-1 %slide accomodation provided)
LRA-2 {conventional mount)
See figure 18,
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ACCESSORIES

Hack Adapter ... Rack adapter LRA-1 used for ruggedized mounting,
with or wilthout chassis slides is available, as well asg rack
adapter LRA-2 which 1s used for simple rack installations where
chagsig glides are not reguired.

Overvoltage Protector ... IExternally mounted, Overvoltage Protector
LH-0V-4, dig available.

MODEL OPTICNS

Suffix "R" Fungus Proofing Opticn ... Standard LH power supplies
can be obtained with fungus proofing treatment with MIL V 173
varnish for all fungl nutrient components.

Suffix "V' Input Option ... Standard LH power supplies are avail-
able for operation with 205-265 volt, 45-480 cps input.

LE 119
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THEORY OF OPERATION

GENERAL

The Lambda power supply circultry consists of an AC input circuilt
and transformer; a reference supply cilrcult consisting of an auxil-
lary rectifier and filter, zener diode pre-regulator, reference ele-
ment and series regulator; a maln regulator circult conglsgting of
the main rectifier and Cilter, a serieg regulator, two emltter fol-
lower drivers, a current limit amplifier, a voltage amplifier, the
complementary differential amplifier circuilt, and an output sensing
circuls.

The circult arrangement 1s shown in block diagram form in figure 14,
The clrcultry l1s discussed with reference to the block diagram and
the schematic diagram.

FUNCTIONAL DESCRIPTION

Single phase input power 1s applied to transformer T1 through the
input clrcult contalning thermostat 32 and fuse Fl, which protect
the supply against overheating and internal faults.

The main rectifier, a full-wave rectlifier, compriged of dicdes,
CR15 and CR16, provides the power which is filtered by capacitor €12
and then regulated via a series regulator and delivered to the out-
put. The fuil-wave auxiliary rectifier CR1IO and CR1l, provides volt-
age filtered by capacitor C8 for reference series regulator Q6 and
reference element Qb5 of the reference supply as well as for pre-
regulator CR8 and CRS., The reference supply output provides a regu-
lated, temperature compensated reference voltage which is used to
determine the output veltage of the unit. Cascade connected pre-
regulator CR8, CR9, R24 and Re3, provides stabilized bias voltage
for current limit amplifier Q4, voltage amplifier Q3, "OR" gate CR4
and CR3, and for complementary differential amplifier @l and Q2.

Reference element Q5 contains a zener diode and transistor in one
unit which act to reduce the effect of temperature changes and to
provide a stable reference voltage for serleg regulator Qb.

Constant voltage or constant current crossover circuit operation
is determined by changes in the load. A change in the load is sensed
by sensing divider R5, R4, CR2 and RiA, B, which has a fixed current
flowing in the divider elements ag determlined by the setting of cal-
ibration control R5. This variation causes a change to Ql input of
the complementary differentlal amplifier, which compares 1t with the
reference voltage through the sensing divider, causling an error slg-
nal at the ocutput of Q2. Simultaneously current limit{ amplifier Q4
samples the load current through current sensing resistor R43. When
the current reaches a preset limlt, Q4 will generate an error signal.
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The error outputs from @2 and Q4 are fed through "OR" gate CR3,
CR4 to voltage amplifier Q3, and one signal 1s amplified by &3 and
emitter followers Q7 and Q9. The amplified slgnal from the emltter
followers determines the impedance value of geries regulator Ql0-
Ql5 which acts as a varying impedance 1in se les with the output,
These power fransistors functlion as the actlive series regulating
eiement,

Under constant volicge operation Q4 is in saturation, CR3 con-
ducts and CR4 in the "OR" gate is turned off, and all of the current
in R9 flows through Q4. When load current increases, the voltage
drop acrosg current sensing resistor R43 increases, biasing QU toward
cutoff. Wnen @4 cuts off, CRL is Torward biased and conducts while
CR3 ceases to conduct. The signal is amplified via voltage amplifier
Q3 and emitter followers Q8 and Q9, increasing the impedance of series
regulator QLl0-Ql5, causlng the output voltage to decrease toward zero
and the unit to function at the fixed current limit.

Voltage amplifier Q3 operates at all times from the output of "OR"
gate CR3, CR4, its action depending upon which signal the "OR" gate
conducts. When Q4 is turned off due to an excessive load, Q3 will
saturate, causing main geries regulator QL0-Ql5 to turn off. When
load current limit 1s not reached or exceeded, Q4 is in saturation
and Q3 wlll operate with the error signal derived from Q2 of the
complementary differential amplifier, causing the series regulator
to change the cutput voltage for the preset voltage limit.

When connected for precislion current operation, the complementary
differential amplifier ig referenced to the current sensing resistor,
with a fixed current flowing from the sensing divider through poten-
tiometer R1A, B. Any change 1n load will cause an error signal in
the complementary differentlial amplifler and the circult functlons
as explained previously.
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QPERATING INSTRUCTTIONS

CONTROLS, INSTRUMENTS AND FUSES

POWER ON Switch. The POWER ON switch, located on the front panel,
controls application of input power %o the supply. When the switch
is in the ON position, the red POWER ON indlicator glows.

QUTPUT VOLTAGE Control, The QUTPUT VOLTAGE control is a dual con-
trol conglieting of a coarse adjustment potentiometer, which varies
the DC voltage over a range of 0-9 volts and & fine adjustment po-
tentiometer, which varies the DC voltage over a one-volt range,
Clockwlse rotation results in increasing voltage. The total DC
voltage output for voltage regulated operation, 1s egual to the sum
cf each shaft setting; for current regulated operation the maximum
voltage limit 1s equal to the sum of each shaft setting. The con-
trol 1g located on the front panel of all units,

CURRENT LIMITER Control, This potentiometer varies the maximum DC
current over the rated *current range and, for current or voltage
regulated operation, limics the DC current output to the setting on
the control, Clockwise rotation results in increaslng current.
This contrel is located on the front panel.

*Operation for output current below rated limits can
result in ne outpub or no regulation.

Qutput Voltage Meter, A 0~10 volt DC voltmeter mconitors the volt-
age at ohe output terminals of metered (FM) units.

Qutput Current Meter. A 0-10.0 ampere DC ammeter monitorsg the load
output current of metered (FM) units.

Fuse. Fuse F1l, internally located, is a 6.25 ampere, 3AG, "SLO-BLO"

fuse which functionsg in the AC input c¢lircult.

Connection Terminals. Make all connectlons to the supply at the
terminal block on the rear of the supply. On FM suffixed models,

DC output connectiong can also be made at the Tive-way binding posts
located on the front panel. Apply input power through the line cord
or directly to terminals 1 and 2 if the line cord 1s removed., Al-
ways connect the ungrounded (hot) power lead to terminal 1.

The supply positive terminal is brought out to terminal 6. The
supply negative terminal is brought out to terminal 4. Recommended
wiring of the power gupply to the lcad and selectlon of wiring 1s
shown in figures 1 through 13. Selection of proper wiring is made
on the basis of load reguirements. Make all performance checks and
measurements of current or voltage at the rear output terminals.
Connect measuring devices directly to terminals or use the ghortest
leads possible.
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GROUND CONNECTIONS

The Lambda power supply can be operated either with negative or posi-
tive output terminal grounded or with no terminal grounded. Both posi-
tlve and negative ground connections are shown Iin fthe diagrams for all
suggested output connections i1llustrated In this manual.

NOTE: When operating the supply with nelther term-
inal grounded, high impedance leakage resisgtance
and capaciltance paths can exist between the power
supply circultry and chassis ground,

BASIC MODES OF OPERATION

This power supply is designed to operate as a constant voltage sourcé
or ag a constant current source. Except when used for a precision con-
stant current source, subomatic crossover to elther mocde of operation
cecurs when load conditions change as follows:

Constant Voltage. The power supply will function as a constant voltage

source whille the load current does not equal the current value, It Ty,

set by the CURRENT LIMITER control. When load current Iy = V = ILTM,
RL,

the supply will cross over automatically and will operate as a constant

current source., Further decrease in value of load resistance Ry, results

in decrease of voltage across the load while current remains regulated

to Iram.

Constant Current (Automatic Crossover), The power supply will function
as a constant current source while the load voltage Vi, dcoces not equal
the voltage value set by the OUTPUT VOLTAGE control., When load voltage
VI, equals the value set by the OUTPUT VOLTAGE control, the supply will
automatically cross over and operate as a constant voltage source.

Constant Current (Precision), The power supply will function within
rated specifications as a conventional constant current source without
automatlic crossover., When lcad voltage demand exceeads the rated volt-
age of the power supply, the unit ouftput current regulation will not
be within specification.

SUPPLY -LLOAD CONNECTIONS

NOTE: Refer to DETAILED OPERATING PROCEDURES for
step-by~step instructions for operation of power
supply.
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CONNECTICNS FOR OPERATION AS A CONSTANT VOLTAGE SOURCE

The output impedance, regulation, and transient response of the
power supply at the load may change when using the supply as a con-
stant veltage source and connecting leads of practlical length are
ysed, To minimlze the effect of the ocutput leads on these charac-
teristics, remote sensing 1s used. Recommended types of supply load
connections with local or remote sensing are described In the follow-
ing paragrapnhs.

Refer to figures 1 and 2 to determine voltage drop lor partlcular
cable length, wire size and current conditions, Lead lengths must be
meagured from supply fterminals fo load terminals as shown in figure 3.

Two-Wire Connection, Figure 4, The two-wire connection, with local
sensing, 1s the connection sultable for application with relatively
congtant lcad where extremely close lcad regulation and fast trans-
ient responge over full-rated current excursion are not required at
the load.

Improved Two-Wire Connection, Filgure 5, The Improved two-wlre connec-
tion, with local sensing., 1s sultable for applications where excegs-
ively long connecting leads are not used. Using multiple parallieled
leads in thig type of connection reduces the supply-load lead voltage
drop and permits improved regulation and transient response,

Four-Wire Connection, Figure 6, The four-wire connection with remote
sensing, provides complete compensation for the DC voltage drops in
the connecting cableg. Compensaticn for lead drop is also valild for
gradual changes of load current,

Programmed Voltage Connections, Using External Hesigtor, Figure 7.
Digcrete voltage steps can be programmed with & resgistance voltage
divider valued at 200 ohms/volt output and a shorting-type swltch as
shown in figure 7. When continuous voltage variations are required,
uge variable resistor with the same 200 ohms/volt ratio in place of
the resigtive voltage divider and shorting-type switch. Use a low
temperature coefficient resistor to agsure most stable operation.

As shown in figure 7, voltages can be programmed utilizing either
local or remote gensing connections, as desired,

Programmed Voltage Connections Usling Programming Voltage, Figure 8.
The power supply voltage output can be programmed with an externally
connected programming power supply.

The output voltage of the programmed supply will maintain a one-
to-one ratio with the voltage of the programming supply.

CONNECTIONS HFOR OPERATION AS A CONSTANT CURRENT SOURCE

Automatic Crossover Constant Current Connections, Figure 4. TFigure

4 shows the connections which are used when operating fthe power supply
ag a constant current source with automatic crossover, using local
setting of current control.*

*Setting control for output currents below rated limits can
result in no output or no regulation.
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In this mode of operation, when the load voltage increases, due to
changing load resistance, to the limit of the OUTPUT VOLTAGE control
setting, the power supply crosscover circult will cause the unit to
operate asg a constant voltage supply.

Precision Regulated Constant Current Connections, Figure 9. Figure 9
shows the connectlons which are used when operating the power supply
as a precision constant current source, using local setting of current
control.,

In this mode of operation, the power supply functions as a conven-
tional constant current supply with crossover clrcult inoperative,
The load voltage 1imif is fixed to the maximum vocltage rating of the
power supply.

Programmed Precision Regulated Current Connections, Filgure 10, To pro-
vide discrete current steps Ifrom 5% to 100% of rated current, use any
combination of separate 2-watt resistors totalling 100 ohms together
with a shorting-type switch connected as shown in figure 10, Use re-
sistors with low temperature coefficients to assure most stable opera-
tion,

When continucug current variations are required, use a 100 ohm, 2Z2-watt
variable resistor in place of the separate resistors and shorting-type
switch.

CONNECTIONS FOR SERIES OPERATION

The voltage capability of IH power =supplies can be extended by series
operation of two LH power supplies of equal* voltage ratings. A maxi-
mum of 200 volts can be connected between elther the +DC or -DC term-
inal and chassiz ground,

*For applications using supplies of unequal ratings, con-
sult factory for details of operation.

The two units are shown connected for series operation in figures
11 and 12, Figure 11 shows the series connection diagram which would
be suitable for use in all applications where exact one-fo-one voltage
tracking of the "master" (M) unit by the "slave" (5) unit is not re-
guired. The slight offset in tracking 1z easily compensated for by
adjusting the OUTPUT VOLTAGE controls on the (3) unit,

Figure 12 shows fthe series connection diagram suitable for applica-
tions where exact one-to-one vecltage tracking is required. In this
series configuration, resistor Rpal, permits the (S) unit %to track the
(M) unit on an exact one-to-one basis, thereby eliminating the possi-
bility of an offset voltage existing beiween the two units.

Resistor Rpar, should be a one-watt, 10-20 kilohm resistor. This value
would permit wide-range compensation for manufacturing differences in-
herent in the components used in each unit, Resistors Rg and By function
in the voltage sensing circuits of both units, enabling the (3) unit to °
reference its output voltage to that of the (M) unit. 1In figure 11, Rg
performs a similar function. Capacitor Cg, used to eliminate stray AC
pickup, is rated at 2.5 mfd, 100 V,



For elther series mode of operation, select RS and BM on the basis
of 200 ohms per volt of (M) unit output voltage. Rg must equal Rm.

Dicdes CRM and CRg, which protect the units against reverse voltage,
must be capable of withstanding the maximum rated current of the (M%
unit.

Both methods permit operation for either constant veltage or con-
gstant current with automatic crogsover tc elther mode of operation
whenever the respective limiting operating current or voltage is
reached, As shown in figures 11 and 12, each method permits connec-
tion for either local or remote sensing.

CONNECTIONS FOR PARALLEL CPERATION

The current capabllity of LH power supplles can be extended by para-
1lel operation of two LH power supplies of equal¥* voltage capacities.
The two units are shown connected for parallel operation in figure 13,
One power supply designated the "master" or (M) unit controls its own
output as well as the output of the second power supply, designated the
"silave" or (S) unit.

*For applications usling supplles of unequal voltage
ratings, consult factory for details of operation.

Unit (S) operates to regulate its current in a ratio to that of the
(M) unit by comparing the current in its internal sampling resistor
with that current sampled by the master internal sampling resistor,
When power supplles of unequal current capacities are parallel connected
the division of current supplied will be approximately equal to the
ratio of the current ratings of the supplies.

Parallel connected units can be operated for constant voltage with
icecal sensing as well as for constant current with automatic crogsover.

When operating for constant voltage, the {M) unit can automatically
crossover into constant current operation.

DETAILED OPERATING PROCEDURES

SAFETY NOTICE

DANGEROUS VOLTAGES EXTIST IN THIS EQUIPMENT, OBSERVE
THE USUAL SAFETY PRECAUTIONS WHEN OPERATING OR SER-
VICING THE EQUIPMENT TO AVOID SHOCK OR INJURY.

CONSTANT VOLTAGE OPERATION, ADJUSTABLE CURRENT LIMIT

1. Remove AC power input to the supply and place POWER ON
switeh in OFF posgition before connecting load to the supply.
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2, Determine load regulirements, select wire from flgures
1-3 and choose desired type of supply-load connection from figures

o

3. Connect supply to load as shown on the selected con-
nection diagram.

NOTE: When shipped from the factory, the supply

is ready for use as a constant current source with
automatic crossover or as a local-sensling constant
voltage source. Jumpers are connecited at the fac-
tory as shown in figure 4. Take care to remove the
appropriate Jumpers for load requirements that need
different supply-load connections. Refer to the
approprilate connection diagranm.

4, Turn OUTPUT VOLTAGE control knobs to the desired volt-
age setting.

5, When current to the load must be limited to an inter-
mediate value within the current rating of the supply, turn the CUR-
RENT LIMITER control to the desired current limit setting. If no
intermediate current limit is required, turn the control CW to the
position for full current rating for the maximum ambient temperature
of operation. Refer to section on specifications,

6, Apply AC power to the supply.

7. Place POWER ON-OFF switch in ON position and check that
red POWER ON indicator is 1it.

8, Check that output current and output voltage meters in-
dicate desired values; as required, adjust OUTPUT VOLTAGE control knobs
and CURRENT LIMITER control fo obtain correct meter indications, For
non-metered models use externally connected meters and check that cor-
rect meter indications exist at output terminals 6 and 4, or at front
panel test Jjacks (+) and (-); for remote sensing connections, check at
the load terminations of sensing leads on terminals 3 and 7.

g, Power supply 1s now in proper operation,

PROGRAMMED CONSTANT VOLTAGE OPERATION, ADJUSTABLE CURRENT LIMIT

1. Remove AC power input to the supply and place POWER ON
switch in OFF position before connecting load to the supply.

2. Determine load requirements, select wire size and length
from figures 1, 2 and 3 and choose desired type of supply-load con-

nection from figures 7 or 8. Refer to paragraph on Programmed Voltage
Connections.
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3, Connect supply to load as shown on the selected connec-
tion diagram. As shown in figure 7, take care To use a shorting-type
awiteh for the externsal programming control when several voltages are
desired and the programning voltage method 1s not used.

4, Turn OUIPUT VOLTAGE conftrol knobs to the extreme CCW
position. AdjJust external programming voltage control to desired
voltage setting.

5. When current to the load must be 1limited to an inftermed-
iate value within the current rating of the supply, turn the CURRENT
LIMITER knob to the desired current limit setting. If no intermedilate
current limit isg desired, turn the control CW to the position for full
rated current for the ambient temperature of operation, Refer to sec-
tion on specifications.

6, Apply AC power to the supply.

7. Place POWER ON switch in ON position and check that red
POWER ON indicator is 1lit.

8, Check that ocutput current and output voltage meters in-
dicate desired values; as required, adjust CURRENT LIMITER ¥knob and
external programming voltage control to o¢btain correct meter indilica-
tiong., For non-metered models use externally connected meters and
check that correct meter indications exist at output terminals 4 and
&, or at front panel test Jacks (+) and (~); for remobte sensing con-
nections check at the load fterminations of sensing leads on terminals
3 and 7.

9, Power supply is now operating properly.

CONSTANT CURRENT OPHRATION WITH CROSSOVER, ADJUSTABLE VOLTAGE LIMIT

1., Remove AC power input to the supply and place POWER ON
switch in OFF position before connecting load to the supply.

2, Determine load requirements and connect load to the
supply as shown in figure 4,

3. Turn the CURRENT LIMITER knob to the desired current
setting.

4, When load voltage must be limited to an intermediate wvalue
within the voltage rating of the supply, turn OUTPUT VOLTAGE control
knobs %o the desired veltage 1limift setting. If no intermediate voltage
limit, within rating of supply 1s desired, turn controls to the full
CW position to obtain voltage limit at maximum voltage rating of the
supply.

5., Apply AC power to the supply.

£, Place POWER ON switch in ON position and check that red
POWER ON indicafor is 1it.
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7. Check that cutput current and cutput voltage meters
indicate desired values; adjust OUTPUT VOLTAGE contrcl knobs and
CURRENT LIMITER control ag required to obtaln correct indicatlons,
For non-metered models use sxternally connected meters and check
that correct meter indilcations exist at output terminals 4 and 6,
or at front panel test jacks (+) and (-).

8. Power supply is now in proper operation,

PRECISICN REGULATED CONSTANT CURRENT OPERATION

1. Remove AC power inpuf to the supply and place POWER
ON switch in OFF position before connecting load to the supply.

2. Determine load requirements and connect lcad to the
supply as shown iIn figure 9.

3. Turn the CURRENT LIMITER knob to the maximum deslired
current setting.

I', Turn both OUTPUT VOLTAGE control knobs to extreme CCW
position.

5. Apply AC power to the supply. Place POWER ON switch
in ON position and check that red POWER ON indlcator 1s 11t,

6. Turn fine OUTPUT VOLTAGE control knob CW until the de-
sired current setting as indlcated by ocutput current meter is reached.

7. Check that output current meter indicates desired value
and that output voltage meter does not indicate OFF scale, AdJust
fine OUTPUT VOLTAGE control knob as required, to obtain correct in-
dicaticon. For non-metered mcdels use extremely connected mefers and
check that correct meter indications exist at output terminals 4 and 9.

8. Power supply i1s now 1n proper operation.

PROGRAMMED PRECISION REGULATED CONSTANT CURRENT OPERATION

1. Remové AC power input to the supply and place the POWER
ON gwiteh in OFF position before connecting load to the supply.

2. Determine load regulrements. Connect locad tc the supply
as shown in figure 10, Refer to paragraph on Programmed Current Con-
nections,

3, Turn the CURRENT LIMITER knob to the maximum desired set-
ting. '

4, Turn OUTPUT VOLTAGE control knobs to extreme CCW position.

5. Apply AC power to the supply. Place POWER ON switech in
ON peosition and check that red POWER ON indicator is 1it. _

&, Turn fine QUTPUT VCLTAGE control knob CW untlil the desired
current setting is reached, as indicated by output current meter, «
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7. Check that cutput current meter indilcates desired
value and that ocutput voltage meter does not indicate OFF gzcale.
As required, adjust external current programming control to ob-
tain correct Indication. For non-metered models use externally
connected meters and check that correct meter indications exist
at output terminals 4 and 9.

. Power supply 1is now in proper operation.

SERIES CONNECTION CONSTANT VOLTAGE OPERATION, WITH CURRENT LIMIT

1. Remove AC power input to the "slave" (3) and "master"
(M) units and place POWER ON switches in OFF pogition before con-
necting load to the supplies.

2. Determine load requirements, select wire size from fig-
ures l-3 and choose correct type of series supply-load connections
from figures 11 and 12. Refer to paragraph on CONNECTIONS FOR SER-
TES OPERATICN,

3. Connect supply tc lecad as shown on the selected connec-
tlon diagram. As required, select resistors Rppr, B9 and Ry, and
diodes CR3 and CRM in accordance with ingtructions contained in CON-
NECTIONS FOR SERIES CPERATICH,

4. Turn (M) unit OUTPUT VOLTAGE control knobs to the de-
sired voltage setting., This setting will be approximately one-half
of the combined (M) and {3) unist output voltage,

5. Turn {8} unit OUTPUT VOLTAGE control knobs and CURRENT
LIMITER control to extreme CW position,

6. When current to the load must be limited to an intermed-
late value within current rating of the unit with lower current cap-
acity (M unit) turn the (M) unit CURRENT LIMITER control to the desired
setting. I no intermediate current limit i1g required, turn the con-
trol CW to the position for full current rating for the maximum am-
bilent temperature of operation., Refer to section on specifications,

NOTE: When units of equal current rating are series
connected, the (M) unit CURRENT LIMITER control must
be set at a position slightly less than that of the
(S} unit.

. Apply AC power tc the suppliles,

8. Place POWER ON switches of both units in ON position and
check that red POWER ON indicaftors are 1lit.
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G, Check that output current and output voitage meters
indicate desired values; total voltage 1s egual tc sum of (S) and
(M) units. As required, adjust OUTPUT VOLTAGE control knobs and
CURRENT LIMITER conbrol of (M) unit to obtain correct indicabions.
For non-metered models use externally connected meters and check
that correct meter indications exist abt ocutput terminals of the (S)
and (M) units; positive (+) terminal of (M) unit and minus {(-) term-
inal of the (8) unit are the output terminals of the series combina-
tion.

Use front panel jacks (+) of (M) unit and (=) of (3) unit %o make
current and voltage checks for the appropriate units. For remote
sensing connection, make checks at the lcocad terminations of sensing
leads from terminals 7 of (M) unit and from Rg connection of (S) unit.

10, Power supplles are now in proper operation.

SERTES CONNECTION CONSTANT CURRENT OPERATION, WITH VOLTAGE LIMIT

1. Remove AC power input to the (S) and (M) units and place
POWER ON switches in OFF position before connecting load to the sup-
plies.

2. Determine load reguirements, select wire size from fig-
ures 1-3 and choose correct type of series supply-load connections
from Tigures 11 and 12. Refer to paragraph on Connsctiong for Series
Operation,

3. Connect supply to load as shown on the gelected connec-
tion diagram. As reguired, select resistors Rpar, Rg and Ry and
diodes CRg and CRy as instructed in Connections for Serles Operation
paragraph.

L, Turn (M) unit CURRENT LIMITER control to the desired set-
ting.

NOTE: When units of egqual current rating are series
connected, the (M) unit CURRENT LIMITER control must
be set at a position slightly less than that of the
(3) unist.

5, Turn (S) unit OUTPUT VOLTAGE control knobs and CURRENT
LIMITER control to extreme COW position,

6. When load voltage must be limited tc an intermediate
value within the voltage rating of the series combination, turn the
(M) unit OUTPUT VOLTAGE control knobs to a pogsitlion approximately
one-hall the total veltage rating for the combination.

If no intermediate voltage limit is required, turn the control to
the full CW position fo obtain voltage limit at the maximum combined
ratings of the suppliss,

7. Apply AC power to the supplies.
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8. Place POWER ON switches of both units to ON position and
check that red POWER ON indicators are 1lit,

G. Check that output current and outbtput voltage meters indi-
cate desired values; total voltage is the sum of (3) and (M) unit volt-
ages. As required, adjust OUTPUT VOLTAGE control knobs and CURRENT
LIMITER control of {M) unit to obtain correct indications. For non-
metered models, use externally connected meters and check that correct
meter indications exist at oubput terminals of the (S8) and (M) units;
positive {+) terminal of (M) unit and minus (-) terminal of the (8)
unit are the output terminals of the series combination.

Use front panel jacks (+) of (M) unit and (-) of (8) unit to make
current and voltage checks for the appropriate units. For remote sens-
ing connections make checks at the load terminations c¢f sensing leads
from berminal 7 of (M) unit and from Rg connection of (5) unit,

10, Power supplies are now In proper operation,

PARALLEL CONNECTION CONSTANT VOLTAGE OPERATION, WITH CURRENT LIMIT

1. Remove AC power inpuf ©o each supply and place POWER ON
switch on both (M) and (8) units in OFF position before connecting
load to the supplies.

2. Determine load requirements, select wire size from fig-
uyres 1-3 1n the manual. Refer to paragraph on Connections for Para-
1lel Operation,

3. Connect supplies to load as shown 1in connection diagram,
figure 13.

NOTE: When shipped from the factory, sach supply

is ready for use as a constant current source or

ag a loecal-sensing constant voltage scurce, Jumpers
are connected at the factory, Take care to remove
the appropriate jumpers for load reguirements that
need different supply-load connections. Refer to
the appropriate connection diagram,

L, Turn OUTPUT VOLTAGE control knobs on the EM% unit £o the
degired volbtage setting, and turn the controls on the (S) unit to fully
CCW poesition,

5. When current to the load nust be limited to an intermed-
iate point, turn the CURRENT LIMITER control on both the (M) and (8)
units to the desired current limlt setting. Set current limit control
on the (M) and (S) units to the position indicating the current value
to be delivered by the respective unit. If no lntermediate current
1imit is desired, turn the control CW on both (M) and (S) units to the
position for full rated current for the maximum ambient temperature of
operation, Refer to sgection on specifications.

6, Apply AC power to each supply.
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7. Place POWER ON switches on (M) and (S) units in ON
position and check that red POWER ON indicators are 1it.

8, Check that output current and ocutput voltage meters
on both (M) and (3) units indicate desired values; as reguired, ad-
Jjust OUTPUT VOLTACGE control and CURRENT LIMITER control on (M) unit
to obtain correct meter indications. For non-metersd models use
externally connected meters and check that correct meter indicatlons
exist at output terminals 4 and & of the (M) unit, or at front panel
jacks {+) and (=) of the (M) unit; for remote sensing connection,
check at the lcoad termination of sensing leads on terminals 3 and 7
of the (M) unit.

9. Power supplies are now in proper operatlon,

PARATLLLEL CONNECTION CONSTANT CURRENT OPERATION, WITH VOLTAGE LIMIT

1. Remove AC power iInput to each supply and place POWER ON
switch on both (M) and (3) units in OFF position before connecting
ioad to the supplies,

2, Determine load requirements and connect load to the sup-
plies as shown in figure 13, Refer to paragraph on Connections for
Parallel Operation.

3. Turn the CURRENT LIMITER knob on (M) unit to fthe desired
current setting. Turn OUTPUT VOLTAGE control knobs on the (S) unit
to full CCW position.

NOTE: When setting the CURRENT LIMITER knob on the
(M) and {S) units take care to set the control so
that each unit indicates the propertion of total
current that the unit must supply.

L4, Wnen load voltage must be limited, turn OUTPUT VOLTAGE
control knobs on the (M) unit to the desired volbtage limit setting.
If no voltage limit, within rating of the supply is desired, turn
controls on the (M) unit to the full OW position.

-

5. Apply AC power to each supply.

6. Place POWER ON switches on (M) and (8) units in ON posi-
tion and check that red POWER ON indicators are 11%t.

7. Cheeck that output current and ocutput voltage meters on
both units indicate desired values; adjust OUTPUT VOLTAGE control and
CURRENT LIMITER control, as required, to obtain correct indications.
For non-metered models use externally connected meters and check that
correct meter indications exist at ouftput terminals 4 and & of the (M)
unit, or at front panel jacks (+) and (-) of the (M) unit.

8. Power supply is now in proper operabion,
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OPERATICN AFTER PROTECTIVE DEVICE SHUTDOWN

Thermostat Shutdown

The thermostat opens the input circult only when the temperatures
of the transistor heat radiator exceeds a maximum safe value. The
“thermostat will automatically resef when the temperature of the rad-
lator decreases to safe operating value. After eliminating the cause(s)
for overheating and allowing time for the power supply to cool to a

proper temperature, resume operation of the supply. Refer to approp-
riate operation paragraph in DETAILED OPERATING PROCEDURES.,

© Fuse Shutdown

Internal component failure is prevented by fuses which protect the
components from damage caused by excesslve currents. Fuses willl blow
when the maximum rated current value for the fuse 1s exceeded. TFatTilgue
failure of fuses can occur when mechanical vibrations from the installa-
tion combine with thermally induced stresses to weaken the fuse metal.
Many fuse failures are caused by a btemporary condition, and replacing
the blown fuse will make the fuse protected circult operative,
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