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INSTRUCTION MANUAL
FOR
REGULATED POWER SUPPLIES

LQ-530 SERIES

This manual provides instructions intended for the operation of Lambda power supplies, and is not to
be reproduced without the written consent of Lambda Electronies. All information contained herein
applies to all LQ 530 series models unless otherwise specified.
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SPECIFICATIONS AND FEATURES
Specifications apply for all models

DC QUTPUT AND RATINGS Voltage and current regulated for line and load. Refer to the
following tables and fig. A.

Voltage Range .
TABLE I
VOLTAGE RANGE

MODEL LQ 530 L@ 531 LQ 532 LQ 533 LQ 534
Voltage Range ’ )
VDC* 0-10 0-20 0-40 0-60 0-120
Multi-Current Ranges . . . . . . . Current range must be chosen to suit the appropriate

maximum ambient temperature,

*With external programming. Front panel voltage control allows adjustment over a range of
1% Vo max to Vo max.

TABLE I
MAX. CURRENT (AMPS)

MAXIMUM CURRENT AT AMBIENT OF:
MODEL 30°C 40°C 50°C 60°C
At Vmax | At Vmin | At Vmax | At Vmin | At Vmax | At Vmin | At Vmax | At Vmin
LQ 530 14.0 10.0 12.7 - 9.0 11.0 8.0 9.2 7.2
LQ 531 8.6 6.0 8.6 5.6 7.4 5.1 6.4 4.6
1L.Q 532 5.0 3.5 5.0 3.8 4.5 3.0 3.9 2.7
LQ 533 3.3 2.4 3.3 2.3 3.0 2.1 2.5 1.8
L@ 534 1.7 1.2 1.7 11 1.6 1.0 1.5 0.9
VO max
OUTPUT VO = 0.8 VO max
VOLTAGE
{(vDC) !
|
|
j
|
vO =0V | l
OUTPUT CURRENT lout at lout at
{AMPS) —_— V min V max

~ Figure A. Qutput Characteristics
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REGULATED VOLTAGE OUTPUT
Regulation (line} .

Regulation (load)

Remote Programming
External Resistor . .
Programming Voltage .

Ripple and Noise .

Temperature Coefficient .

Remote Sensing .

Series/Paraliel operation .

. 0.005 per cent plus 0.5 millivolt for input variations from

105-132 or 132-105 volts AC.

. 0.005 percent plus 0.5 millivolt for load variations from no

load to full load or full load to no load,

. Nominal 1000 ohms/volt output. (Refer to page 6 for details.)

Ome-to-one voltage change.

150 microvolts rms; 1.0 millivolt peak-to-peak with either
positive or negative terminal grounded.

Output change in voltage less than (0.005% Vo + 10uV)/°C
(with external programming resistors).

. Provision is made for remote sensing to eliminate effect of

power output lead resistance on DC regulation.

. Provision is made for auto series/auto parallel (master-

slave) operation to permit tracking to a common reference.

REGULATED CURRENT OUTPUT: AUTOMATIC CROSSOVER

Current range .

Regulation (line) .

Regulation (load)

1% to approximately 70% of full rated load current
{refer to fig. A).

1 ma max for line variations from 105-132 or 132-105

' volts AC,

2.5 ma max for load changes from 0 to rated DC voltage
or rated DC voltage to 0,

AC INPUT — 105-132 volts AC @ 47-440 Hz, For 47-53 Hz operaﬁon, derate output by 10%. For 63-440
Hz operation, consulf factory. Input power: 425 watts maximum*. Input current: 5A RMS

maximum®*®,

*With output loaded to full current rating, maximum rated output voltage, input voltage

132 VAC at 60 Hz.

OVERLOAD PROTECTION
Thermal
Electrical
External .
Internal
2

. Thermostat, resets automatically when over-temperature

condition is eliminated.

Adjustable, automatic, electronic current-limiting circuit,
settable to 105 percent of rated current, limits output. cur-
rent to preset limit for protection of load and power supply
when external overloads and direct shorts occur.

“SLO-BLO”, 7A fuse F1 protects the AC ihput circuit,
Overload of the supply does not cause fuse failure.

Fuse F2 provides protection against internal circuit failure
in conjunction with overvoltage protector option.
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INPUT AND OUTPUT CONNECTIONS — Heavy duty terminal block on rear of chassis with 5-foot, 3
wire detachable line cord for all models except V and V1 option units, which have an AC receptacle
in place of the 3-wire line cord and the AC input terminals on the terminal block that are used for
the AC input connection on standard AC input units; five-way binding posts provide for additional
positive (+) ground, and negative (—) DC output connections on front panel.

OVERSHOOT — No overshoot of output voltage under conditions of power turn-on, power turn-off or
power failure.

OPERATING AMBIENT TEMPERATURE RANGE AND DUTY CYCLE — Continuous duty from 0°C
to 60° C ambient with corresponding load current ratings for all modes of operation.

STORAGE TEMPERATURE — (non-operating) -55°C to +85°C
COOLING — Convection cooled; no fans or blowers.

METERING — Digital panel meter monitors output voltage or load current as selected by METER
SELECTION switch.

FUNGUS — All LQ series power supplies are fungus inert.

CONTROLS _
Power . . . . . . . . . . . . . Panel mounted switch for all units.
Meter Selector . . . . . . . . . . Selects meter function. Either output voltage or current
‘ can be monitored; located on front panel of all models.
DCOQutput . . . . . . . . . . . Coarse and fine voltage controls on LQ 530 and L.Q 531
_ (single ten turn voltage control for LQ-532 thru LQ-534)
and coarse current control permit adjustment of DC out-
put; located on front panel of all models. Front panel
voltage control allows adjustment over a range of 1%
Vo max to Vo max.
Binding posts (+) (-) (GND). . . . . Five-way binding posts on front panel of all models.
PHYSICAL DATA
Size . . . . ... .. .. .. . b3/16"Hx83/87Wx15-3/16”D
Weight. . . . . . . . . . . . . 2b5l1bs. net, 30 lbs. shipping
Panel Finish. . . . . . . . . ., . Charcoal brown (standard); special finishes available to
customer specifications at moderate surcharge.
AC INPUT OPTION

V-V1 option. Standard LQ power supplies can be obtained for 187-242 VAC (**V”’} input or
205-265 VAC (“V1”) input. See nameplate for AC input rating.

MOUNTING
Laboratory bench, tabletop . . . . Bumpers secured o the base of all units permit proper
' circulation of air through the unit. Removal of bumpers
will restrict free-flow of air; avoid removing bumpers.
Retractable bench rest on bottom of unit is provided as
an aid in viewing output meters.
Standard 19" Rack . . . . . . . . Al units can be used with rack adapters:

LRA-1 (slide accommeodation provided)
LRA-2 (conventional mount)
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ACCESSORIES

Rack Adapters. . . . . . . . . . Rackadapter LRA-1, with or without chassis slides is avail-
able as well as rack adapter LRA-2 which is used for simple
rack installations where chassis slides are not required. See

figure 15.

BiankParels . . . . . . . . . . Half-rack panels can be used with the Lambda rack
adapters, see figure 15,

Overvoltage Protector . . . . . . . Extemnally mounted. Overvoltage Protectors LHOV-4,

LHOV-5, and LHOV-6 are available for use with LQ power
supplies L.Q530, 1.Q531, LQ532 and LQ533.

PotCover . . . . . . . . . . . Lambda potcover PC-1, consisting of alock nut and a
black anodized knurled knob, is tamper proof and fits
standard potentiometer shaft threads.

OPERATING INSTRUCTIONS
CONTROLS, INSTRUMENTS, AND FUSES

Power ON—OFF Switch. The power ON-OFF switch, located on the front panel, controls application of in-
put power to the supply. When the switch is in the ON position, the digital panel meter will be illuminated.

OUTPUT YVOLTAGE Control. The OUTPUT VOLTAGE control is a dual control consisting of a course
adjustment potentiometer, which varies the DC voltage over a range of 0.1-9, 0.2-19, volts as applicable,
and a fine adjustment potentiometer, which varies the DC voltage over a one-volt range**. Clockwise
rotation results in increasing voltage. The fotal DC voltage output for voltage regulated operation is equal
to the sum of each shaft setting; for current regulated operation the maximum voltage limit is equal to the
sum of each shaft setting. The conirol is located on the front panel of all units.

##0n models LQ532 thru 1.Q534 the DC OUTPUT VOLTAGE control is a single ten turn control, which
varies the DC voltage over a range of 1% Vo max to Vo max.

CURRENT LIMITER Control. ‘The CURRENT LIMITER control varies the DC current over the rated
current range. Clockwise rotation results in increasing current. The control is located on the front panel
of all uniis.

Digital Panel Meter, A digital meter monitors output voltage or current over rated range, Display
flhuminates when ON-OFF switch is in “ON** position, Dlsplay flashes when meter is overloaded.
Meter accuracy is 5%, + two counts. Note that the sensing divider current flows through the meter,
consequently the ammeter will indicate the sum of the Icad current plus the sensing divider current.

METER SELECTOR Switch. Selects meter function. Either output voltage or load current can be
monitored.

Fuses, Fuse F1, internally located, is a 7 ampere, 3AG “SLO-BLO” fuse which functions in the AC
inpui circuit,

Fuse F2, internally located, provides protection against internal circuit failbve. See schematic
diagrams for current ratings of pertinent F2 fuse.

Connection Terminals. Make all connections to the supply at the terminal block on the rear of the supply.
DU output connections can also be made at the five-way binding posts located on the front panel. Apply
input power through the line cord or directly to terminals 1 and 2 xfthehnecordlsremoved Always
connect the ungrounded (hot) power lead o terminal 1.
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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 supply to the load and selection of wiring is shown
in figures 1 through 10. Selection of proper wiring is made on the basis of load requirements. Make all
performance checks and measurements of current or voltage at the rear output terminals, Connect
measuring devices to sense terminals or use the shortest leads possible.

GROUND CONNECTIONS

The Lambda power supply can be operated either with negative or positive output terminal grounded
or with no terminal grounded. Both positive and negative ground connections are shown in the diagrams
for all suggested output connections illustrated in this manual.

NOTE: When operating the supply with neither terminal grounded high impedance
leakage resistance and capacitance paths can exist between the power supply cir-
cuirty and chassis ground.

BASIC MODES OF OPERATION

This power supply is designed to operate as a constant voltage source or as a constant current
source. Automatic crossover to either mode of operation occurs when load conditions change as follows:

Constant Voltage. The power supply will function as a constant voltage source while the load current
does not equal the current value, Iy 1pf, set by the CURRENT LIMITER control. When load current

It, = V/R1, = I, 1M, the supply will cross over automatically and will operate as a constant current source.
Further decrease in value of load resistance R, results in a decrease of voltage across the load while cur-
rent remains regulated to Iy M.

Constant Current { Automatic Crossover). The power supply will function as a constant current source
while the load voltage V1, does 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 scurce.

SUPPLY — LOAD CONNECTIONS

NOQTE: Refer to DETAILED OPERATING PROCEDURES for step-by-step
mstructions for operation of power supply.

CONNECTIONS FOR OPERATION AS A CONSTANT VOLTAGE SQURCE

The output impedance and regulation of the power supply at the load may change when using the
supply as a constant voltage source and connecting leads of practical length are used. To minimize the
effect of the output leads on these characteristics, remote sensing is used. Recommended types of supply
load connections with local or remote sensing are described in the following paragraphs.

Refer to figure 1 to determine voltage drop for particular cable length, wire size and current con-
ditions. Lead lengths must be measured from supply terminals to load terminals as shown in figure 2.

Two-Wire Connection, Figure 3. The two-wire connection, with local sensing, is the connection suitable
for application with relatively constant load where extremely close load regulation over full-rated current
excursion is not required at the load.

Four-Wire Connection, Figure 4. The four-wire connection with remote sensing, provides complete
compensation for the DC voltage drops in the connecting cables. A 2MF, 35V capacitor may be required
to reduce noise, between terminals 3, 4, and 6, 7 whenever remote sensing is used. +8 and —8 sensing
leads must be twisted together.
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Programmed Voltage Connections, Using External Resistor, Figure 5. Discrete voltage steps can be
programmed with a resistance voltage divider valued at 1000 ohms/volt output and a shorting-type switch
as shown in figure 5. When continutous voliage variations are required, use variable resistor with the same
10060 ohms/volt ratio in place of the resistive voltage divider and shorting-type switch. Use a low tem-
perature coefficient resistor to assure most stable operation. When resistively programming downward to
voltages less than 1 volt, programming must be accomplished in two steps; firsf, from original value to

1 volf, and then from 1 volt {o final desired value.

As shown in figure 5, voltages can be programmed utilizing either local or remote sensing connections,
as desired.

Programmed Voitage Connections Using Programming Voltage, Figure 6, The power supply voltage output
can be programmed with an externally connected programming power supply.

The cutput voltage of the programmed supply will maintain a one-to-one ratic with the voltage of the
programming supply.

CONNECTIONS FOR OPERATION AS A CONSTANT CURRENT SOURCE

Automatic Crossover Constant Current Connections, Figure 3. Figure 3 shows the connections which are
used when operating the power supply as a constant current source with automatic crossover, using local
setting of current control*.

*Setling control for output cinvents below rated limits can result in no output or no regulation.

In this mode of operation, when the load voltage increases to the limit of the OUTPUT VOLTAGE
conirol seiting, due to changing load resistance, the power supply crossover circuit will cause the unit
to operate as a constant voltage supply.

CONNECTIONS FOR SERIES OPERATION

The voltage capability of LQ power supplies can be extended by series operation of two LQ power
supplies of equal* voltage ratings. A maximum of 300 volts can be connected between either the +DC or
-DC terminal and chassis ground, and a maximum voltage capability of 240 volts is possible for model

1Q534.
*For applications using supplies of unequal ratings, consult factory for details of operation.

The two units are shown connected for series operation in figures 7 and 8. Figure 7 shows the series
connection diagram which would be suitable for use in all applications where exact one-to-one voltage
tracking of the “master” (M) unit by the “slave’ (S) unit is not required. The slight offset in tracking is
easily compensated for by adjusting the OUTPUT VOLTAGE controls on the (S) unit.

Figure 8 shows the series connection diagram suitable for applications where exact one-to-one voltage
tracking is required. In this series configuration, resistor RBA[, permits the (S) unit to track the (M) unit
on an exact one-io-one basis, thereby eliminating the possibility of an offset voltage existing between the
ftwo units,

Resistor RBAF, should be a two-watt, 10 ohm/volt output, resistor. This value would permit wide-
range compensation for manufacturing differences inherent in the components used in each unit. Resistors
RS and RM function in the voltage sensing circuits of both units, enabling the {8) unit to reference its
output voltage of that of the (M) unit. In figure 7, R\ performs a similar function. Capacitor Cg, used to
eliminate stray AC pickup, is rated at 2.5 mfd, 250 V.

For either series mode of operation, select RS and RM on the basis of 1000 ohms per volt of (M) unit
output voltage. Rg must equal RM. Choose RS and RM to be low temperature coefficient resistors.
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Diodes CRy; and CRg, which protect the units against reverse voltage must be capable of with-
standing the maximum rated current of the (M) unit, and must have a reverse blocking voitage equal to
2.5 times the maximum rated output voltage.

Both methods permit operation for either constant voltage or constant current with automatic cross-
over to either mode of operation whenever the respective limiting operating current or voltage is reached.
As shown in figures 7 and 8, each method permits connection for either local or remote sensing.

CONNECTIONS FOR PARALLEL OPERATION

The current capability of LQ power supplies can be extended by parallel operation of two LQ power
supplies of equal* voltage capacities. The two units are shown connected for parallel operation in figures
9 and 10. One power supply designated the “master” or (M) unit controls its own ocutput as well as the
output of the second power supply, designated the “slave’ or ($) unit.

*For applications using supplies of unequal voltage ratings, consult factory for details of operation.

Unit (S) operates to regulate its current to be equal 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,

Parallel connected units can be operated for constant voltage with local sensing, figure 9, or remote
sensing, figure 10, as well as for constant current with automatic crossover, figure 9. When operating for
constant voltage, the (M) unit can automatically cross over into constant current operation.

DETAILED OPERATING PROCEDURES

SAFETY NOTICE

DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT. OBSERVE THE USUAL SAFETY PRE-
CAUTIONS WHEN OPERATING OR SERVICING THE EQUIPMENT TO AVOID SHOCK OR INJURY.

CONSTANT VOLTAGE OPERATION, ADJUSTABLE CURRENT LIMIT
1. Apply AC power to the supply but place power ON-OFF switch in OFF position.

NOTE: When shipped from the factory, the supply is ready for use as a constant
current source with automatic crossover or as a local-sensing constant voltage source.
Jumpers are connected at the factory as shown in figure 3. Take care to remove the
appropriate jumpers for load requirements that need different supply-load connec-
tions. Refer to the appropriate connection diagram. When five way binding posts
are used, do not remove barrier strip jumpers.

2, Determine load requirements, select wire size from figure 1 and 2, and choose desired type of
supply-load connection from figure 3 and 4. Do not connect load.

3. Place power ON-OFF switch in ON position and check that digital panel meter illuminates.

4. Set CURRENT LIMITER control fully CW and adjust OUTPUT VOLTAGE control knobs to
obtain desired voltage indication. When the current to the load must be limited to an inter-
mediate value within the current rating of the supply, proceed as follows: a) place power ON-
OFF switch in OFF position, b) connect jumper between +V and -V terminals, ¢) place power
ON-OFF switch in ON position, place METER SELECTION switch in AMPS position, and
adjust CURRENT LIMITER control to obtain the desired meter indication, d) place power
ON-OFF switch in OFF position and remove jumper.

5. Connect supply to load as shown on selected connection diagram.
6. Place power ON-OFF gwitch in ON position and check that digital panel meter illuminates.
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7.

8.

Check that digital panel meter indicates desired values; as required, adjust OUTPUT VOLTAGE
control knobs and CURRENT LIMITER control to obtain correct meter indications.

Power supply is now in proper operation.

PROGRAMMED CONSTANT VOLTAGE OPERATION, ADJUSTABLE CURRENT LIMIT

1.

8.

Apply AC power to the supply, but place power ON-OFF switch in OFF position,

NOTE: When shipped from the factory, the supply is ready for use as a constant
current source with automatic crossover or as a local-sensing constant voltage
source, Jumpers are connected at the factory as shown in figure 3. Take care to
remove the appropriate jumpers for load requirements that need different supply-
load connections. Refer to the appropriate connection diagram. When the five
way binding posts are used, do not remove barrier strip jumpers.

Determine load requirements, select wire size and length from figures 1 and 2, and choose
desired type of supply load connections from figures 5 and 6. Refer to paragraph on Program-
med Voltage Connections.

Connect supply terminals as shown on the selected connection diagram. As shown in figure 5,
take care to use a shorting-type switch for the external programming control when several volt-
ages are desired and the programming voltage method is not used. Do not connect load. Note
that when resistively programming downward to voltages less than 1 volt, progratnming must be
accomplished in two steps; first, from original value to 1 volt, and then from 1 volt to final
desired value.

When current to the load must be limited to an intermediate value within the current rating
of the supply, proceed as follows:

(a) Connect jumper between +V and -V terminals.

(b) Place power ON-OFF switch in ON position and adjust CURRENT LIMITER control to
obtain the desired current limit meter indication,

(¢) Place power ON-OFF switch in OFF position and remove jumper between +V and
-V terminals.

Connect Supply to load as shown on the selected connection diagram.
Place power ON-OFF switch in ON position and check that digital panel meter illuminates.

Check that digital panel meter indicates desired values; as required, adjust CURRENT
LIMITER knob and external programming voltage control to obtain correct meter indications.

Power supply is now operating properly.

CONSTANT CURRENT OPERATION WITH CROSSOVER, ADJUSTABLE VOLTAGE LIMIT

1.

Apply AC power to the supply, but place power ON-OFF switch in OFF position.

NOTE: When shipped from factory, the supply is ready for use as a constant
current source with automatic crossover or as a local-sensing constant voltage
source. Jumpers are connected at the factory as shown in figure 3. Take care
to remove the appropriate jumpers for load requirements that need different
supply-load connectiocns. Refer to the appropriate connection diagram. When
the five way binding posts are used, do not remove barrier strip jumpers.
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8.

Determine load requirements, select wire size from figures 1 and 2 and connect supply terminals
as shown in figure 3. Do not connect load.

Adjust CURRENT LIMIT control to the desired output current as follows:
{a) Connect ju_mper between +V and -V terminals.

(b) Place power ON-OFF switch in ON position, METER SELECTION switch in AMPS
position, and adjust CURRENT LIMITER control to obtain the desired load current as
indicated on current meter.

(c) Place power ON-OFF switch in OFF position and remove jumper between +V and -V
‘terminals.

Place power ON-OFF switch in ON position, METER SELECTION switch in VOLTS position,
and adjust OUTPUT VOLTAGE control knobs to obtain the desired voltage limit point as
indicated on voltage meter.

Place power ON-OFF switch in OFF position and connect load to the supply as shown in
figure 3.

Place power ON-OFF switch in ON position and check that digital panel meter illuminates.

Check that digital panel meter indicates desired values; adjust OUTPUT VOLTAGE control
knobs and CURRENT LIMITER control as required to obtain correct indications.

Power supply is now in proper operation.

*SERIES CONNECTION CONSTANT VOLTAGE OPERATION, WITH CURRENT LIMIT

1.

Apply AC power input to the “slave” (S) and “master” (M) units, and place power ON-OFF
switches in OFF position.

NOTE: When shipped from the factory, the supply is ready for use as a constant
current source with automatic crossover or as a local-sensing constant voltage source.
Jumpers are connected at the factory as shown in figure 3. Take care to remove the
appropriate jumpers for load requirements that need different supply-load connections.
Refer to the appropriate connection diagram. When the five way binding posts are
used, do not remove barrier strip jumpers.

Determine load requirements, select wire size from figures 1 and 2, and choose correct type of
series supply-load connections from figures 7 and 8. Refer to paragraph on CONNECTIONS
FOR SERIES OPERATION,

Connect power supply terminals as shown on the selected connection diagram. As required,
select resistors RBAL, RS, and RM and diodes CR.8 and CR)M in accordance with instructions
contained in CONNECTIONS FOR SERIES OPERATION. Do not connect load.

4. **Place power ON-OFF switches in ON position, place METER SELECTION switch in VOLTS

position, and adjust OUTPUT VOLTAGE control knobs on the (M) unit to obtain the desired
meter indication. Adjust (8) unit OUTPUT VOLTAGE controls until (8) unit voltage meter
indication equals (M) unit voltage meter indication, This setting will be approximately one-half
of the combined (M} and (S) unit output voltage. The (8} unit will track any change in (M)
unit output voltage made with the (M) unit OUTPUT VOLTAGE control. Place power ON-
OFF switch in OFF position.

* Applies only to units of equal voltage and current capacities, when units of unequal ratings are series
connected, consult factory.
**This step does not apply to figure 8.
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9,

When current to the load must be limited to an intermediate value within the current rating
of each supply, proceed as follows:

(a) Connect jumper between +V and -V terminals on the (M) unit,

{(b) Place power ON-OFF switch in ON position, place meter selector switch in AMPS
position, and adjust CURRENT LIMITER. control on the (M) unit to the desired current
limit point, as indicated on digital panel meter.

{¢) Set CURRENT LIMITER control on (S) unit slightly above CURRENT LIMITER
control setting on (M) unit.

(d} Place power ON-OFF switch in OFF position and remove jumpers between +V and -V
terminals.

Connect supplies to load as shown on the selected connection diagram.
Place power ON-GFF switches in ON position and check that digital panel meter illuminates,

Check that digital panel meter* indicates desired values; adjust QOUTPUT VOLTAGE control
knobs and CURRENT LIMITER. control as required to obtain correct indications.

* Ammeter indicates a nominal 1 to 2 milliamperes offset from zero, which is the sensing divider
current and not load current. For load current use the 1 to 2 ma, point as zero point,

Power supplies are now in proper operation,

SERIES CONNECTION CONSTANT CURRENT OPERATION, WITH VOLTAGE LIMIT

1.

10

Apply AC power input to the “slave” (S) and ‘““master’’ (M) units and place power ON-OFF
switches in OFF position.

NOTE: When shipped from the factory, the supply is ready far use as a constant
current source with automatic crossover or as a local-sensing constant voltage
source. Jumpers are connected at the factory as shown in figure 3. Take care to
remove the appropriate jumpers for load requirements that need different supply-
load connections. Refer {o the appropriate connection diagram. When the five
way binding posts are used, do not remove barrier strip jumpers.

Determine load requirements, select wire size from figures 1 and 2 and choose correct type of
series supply-load connections from 7A and 8A. Refer to paragraph on CONNECTIONS FOR
SERIES OPERATION.

Connect power supply terminals as shown on the selected connection diagram. As required,
select resistors RBAL, RS, and RM and diodes CR§ and CRM as instructed in CONNECTIONS
FOR SERIES OPERATION. Do not connect load.

Place power ON-OFF switches in ON position, and METER SELECTION switch in VOLTS
position. '

Adjust (8) unit OUTPUT VOLTAGE controls until (S} unit voltage meter indication equals

(M) unit voltage meter indication. The (S) unit will track any change in (M) unit output volt-
age made with the (M) unit OUTPUT VOLTAGE control.
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10.

11.

When the voltage to the load must be limited to an intermediate value within the voltage rating
of the series combination, proceed as follows:

{(a) Place power ON-OFF switch of the (M) unit in ON position.

(b} Turn the (M) unit OUTPUT VOLTAGE control knobs until voltage meter indicates
approximately one-half the total rating desired for the series combination.

(¢) Place power ON-OFF switch in OFF position.

Adji.xst CURRENT LIMITER control for the desired load current as follows:

(a) Connect jumj)er between +V and -V terminals on (M) unit,

(b} Place power ON-OFF switch in ON position, METER SELECTION switch in AMPS
position, and adjust CURRENT LIMITER control to the desired load current as indicated
on (M) unit digital panel meter.

(c) Set CURRENT LIMITER control on (8) unit slightly above CURRENT LIMITER
control setting on (M) unit.

(d) Place power ON-OFF switch in OFF position and remove jumpers between +V and -V
terminals.

Connect supplies to load as shown on the selected connection diagram.
Place power ON-OFF switches in ON position and check that digital panel meter illuminates.

Check that digital panel meter® indicates desired values; adjust OUTPUT VOLTAGE control
knobs and CURRENT LIMITER control as required {c obtain correct indications,

*Ammeter indicates a nominal 1 to 2 milliamperes offset from zero, which is the sensing divider
current and not load current, For load current use the 1 to 2 ma. point as zero point,.

Power supplies are now in proper operation,

PARALLEL CONNECTION CONSTANT VOLTAGE OPERATION, WITH CURRENT LIMIT

1.

Apply AC power input to the “slave” (S} and “master” (M) units and place power ON-OFF
switches in CFF position.

NOTE: When shipped from the factory, the supply is ready for use as a constant
current source with automatic crossover or as a local-sensing constant voltage
source, Jumpers are connected at the factory as shown in figure 8. Take care to
remove the appropriate jumpersifor \load requirements that need different supply-
load connections. Refer to the appropriate connection diagram. When the five
way binding posts are used, do not remove barrier strip jumpers.

Determine load requirements, select wire size from figures 1 and 2 and choose correct type of
parallel supply-load connections from figures 9 and 10. Connect supply terminals as shown on
the selected connection diagram, but do not connect load.

Place power ON-OFF switches of both (M) and {_S') units in ON position, and METER |
SELECTION switch in VOLTS position.

Turn (M) and (S) unit CURRENT LIMITER controls fully CW.

Adjust (M) unit OUTPUT VOLTAGE control for the desired voltage as read on (M) unit
digital panel meter.
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10,

Place power ON-OFT switches of both units in OFF position.

When current to the load must be limited to an intermediate value within the current rating
of each supply, proceed as follows:

‘(a} Connect supply to the load and place a jumper across load terminals.

(b) Place power ON-OFF switches in ON position, place METER SELECTION switches in
AMPS position, and adjust (M) unit CURRENT LIMITER control for desired meter
reading. The short circuit current will be the sum of (M) & (S) unit meter readings.

(c} Place power ON-OFF switches in OFF position and remove jumper across load.

Place power ON-OFF switches in ON position and check that digital panel meters illuminate.

Check that digital panel meter* indicates desired values; adjust QUTPUT VOLTAGE control
knobs and CURRENT LIMITER control as required to obtain correction indications,

* Ammeter indicates a nominal 1 to 2 milliamperes offset from zero, which is the sensing divider
current and not load current, Far load current use the 1 to 2 ma. point as zero point,

Power supplies are now in proper operation,

PARALLEL CONNECTION CONSTANT CURRENT OPERATION, WITH VOLTAGE LIMIT

12

1.

Apply AC power input to the “slave” (8) and “master’” (M) units and place power ON-OFF
switches in OFF position.

NOTE: When shipped from the factory, the supply is ready for use as a constant
current source with automatic crossover or as a local-sensing constant voltage source.
Jumpers are connected at the factory as shown in figure 3. Take care to remove the
appropriate jumpers for load requirements that need different supply-load connections.
Refer to the appropriate connection diagram, When the five way binding posts are
used, do not remove barrier strip jumpenrs.

Determine load requirements, select wire size from figures 1 and 2, and choose type of parallel
supply-load connections from figure 9. Connect supply terminals as shown on the selected
connection diagram, but do not connect load.

Place power ON-OFT switches of both (M) and (8) units in ON position, and METER
SELECTION switches in VOLTS position.

Tum (8) unit current limiter control fully CW,

Adjust (M) unit OUTPUT VOLTAGE control for the desired voltage limit point as read on
(M) unit digital panel meter.

Place power ON-OFF switches of both units in OFF position.

Set the desired load current as follows:

(a) Connect supply to the load and place a jumper across load terminals.

(b) Place power ON-OFF switches in ON position, place METER SELECTION switches in
AMPS position, and adjust (M) unit CURRENT LIMITER control for desired meter
reading. The regulated current will be the sum of (M) and (8) unit.meter readings.

(c) Place power ON-OFF switches in OFF position and remove jumper across load.
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8. Place power ON-OFF switches in ON Position and check that digital panel meter illuminates.

9. Check that digital panel meter* indicates desired values; adjust OUTPUT VOLTAGE control
knobs and CURRENT LIMITER control as required to obtain correct indications,

* Ammeter indicates a nominal 1 to 2 milliamperes offset from zero, which is the sensing divider
current and not load current. For load current use the 1 to 2 ma. point as zero point.

10. Power supplies are now in proper operation,
OPERATION AFTER PROTECTIVE DEVICE SHUTDOWN

Thermostat Shutdown. The thermostat opens the input circuit only when the temperature of the
transistor heat radiator exceeds a maximum safe value, The thermostat will automatically reset when
the temperature of the radiator 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 appropriate operation paragraph in DETAILED OPERATING PROCEDURES.

Fuse Shutdown. Internal component failure is prevented by fuses which protect the components from
damage caused by excessive currents. Fuses will blow when the maximum rated current value for the
fuse is exceeded. Favigue failure of fuses can occur when mechanicat vibrations from the installation
combine with thermally induced stresses to weaken the fuse metal. Many fuse failures are caused by a
temporary condition, and replacing the blown fuse will make the fuse protected circuit operative,

MAINTENANCE
GENERAL

This section describes trouble analysis routine, replacement procedures, calibration and test pro-
cedures that are useful for servicing the Lambda power supply. Refer to the section on SPECIFICA-
TIONS AND FEATURES for the minimum performance standards.

TROUBLE ANALYSIS

Whenever trouble occurs, systematically check all fuses, primary power lines, external circuit
elements, and external wiring for malfunction before troubleshootmg the equipment. Failures and
malfunctions often can be traced to simple causes such as improper jumper and supply-load connections
or fuse failure due to metal fatigue.

Use the electrical schematic diagram and block diagram, figure 11, as an aid to locating trouble
causes. The schematic diagram contains various circuit voltages that are averages for normal operation.
Measure these voltages using the conditions for measurement specified on the schematic diagram. Use
measuring probes carefully to avoid causing short circuits and damaging circuit components.,

CHECKING TRANSISTORS AND CAPACITORS

Check transistors with an instrument that has a highly limited current capability. Observe proper
polarity for PNP or NPN to avoid error in measurement. The forward transistor resistance is low but
never zero; backward resistance is always higher than the forward resistance.

For good transistors, the forward resistance for any junction is always greater than zero.

Do not assume trouble is eliminated when only one part is replaced. This is especially true when one

transistor fails, causing other transistors to fail. Replacing only one transistor and turning power on,
before checkmg for add1t10nal defective components could damage the replaced component.
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When soldering semi-conductor devices, wherever possible, hold the lead being soldered with a pair
of pliers placed between the component and the solder joint to provide an effective heat sink.

NOTE: The leakage resistance obtained from a simple resistance check of a capacitor
is not always an indication of a faulty capacitor. In all cases the capacitors are shunted
with resistances, some of which have low values. Only a dead short is a true indication
of a shorted capacitor,

PRINTED CIRCUIT BOARD MAINTENANCE TECHNIQUES

1. If foil is intact but not covered with solder, it is a good contact. Do not attempt to cover
with solder.

2. Voltage measurements can be made from either side of the board. Use a needle-point probe
to penetrate to the wiring whenever a protective coating is used on the wiring. A brass probe
can be soldered to an alligator clip adapted to the measuring instrument.

3. Wherever possible, use a heat sink when soldering transistors.
4. Broken or damaged printed wiring is usually the result of an imperfection, strain, or careless

soldering. To repair small breaks, tin a short piece of hook-up wire to bridge the break, and
holding the wire in place, flow soider along the length of wire so that it becomes part of the

circuitry.

5. When unsoldering components from the board, never pry or force loose the part; unsolder
the component by using the wicking process described below:

(a) Select a 3/16 inch tinned copper braid for use as a wick; if braid is not available, select
AWG No. 14 or No. 16 stranded wire with 1/2 inch insulation removed.

(b) Dip the wick in liguid rosin flux.
(c) Place the wick onto the soldered connection and apply soldering iron onto the wick.

(d) When sufficient amount of solder flows onto the wick, freeing the component,
simultanecusly remove iron and wick.

COMPLETE POWER SUPPLY CALIBRATION PROCEDURE

When the power supply is to be completely calibrated, the controls listed below must be calibrated
in the order listed.

Control Calibration Order

R102 Vg max adjust

R111 I at Vo min adjust

R104 Ig at Vg max adjust

R 304 meter reference calibration
R313 Voltmeter calibration
R342 Ammeter calibration

ADJUSTMENT OF VOLTAGE CALIBRATION CONTROL R102

The adjustment procedure requires that the power supply is removed from associated equipment, is
at an ambient temperature or 25-30°C and is operated at nominal line voltage, no load.
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Whenever R101, R1 or IC101 are replaced, and voltage indications do not reflect maximum ratings,
adjust R102 as follows: '

1. Apply AC power to the supply and place power ON-OFF switch in OFF position.
Break seal on wiper of R102 from resistor housing.

Place power ON-OFF switch in ON position.

Tum OUTPUT VOLTAGE controls (R1) fully CW.

A S

Connect a DVM, John Fluke model 825A or equivalent, to supply output terminals and
measure output voltage. Adjust R102 until maximum output voltage, as indicated by the
DVM, is reached.

6. Place power ON-OFF switch in OFF position.

7. After adjustment is completed, remove AC power input to the supply and reseal the wiper of
R102 to potentiometer housing.

ADJUSTMENT OF CURRENT CALIBRATION CONTROL R111

The é.djustment procedure requires that the power supi)ly is removed from associated equipment,
is at an ambient temperature of 25-30°C and is operated at nominal line voltage.

Whenever R111, R110, R2, IC101, IC102, or CR116 are replaced and current indications do not
reflect published ratings at VOmin, adjust R111 as follows:

1, Apply AC power to the supply and place power ON-OFF switch in OFF position.
2. Break seal on wiper of R111 from resistor housing. Turn R111 fully clockwise.

3. Place an external ammeter between +V and -V terminals.
4

Turm CURRENT LIMITER control (R2) fully CW.

@

Place power ON-OFF switch in ON position,

6, Slowly adjust R111 counterclockwise until output current (as read on external ammeter) is
105% of Vo min rating for the supply. Refer to table II for maximum current ratings. DO NOT
TURN R111 BEYOND THIS POINT,

7. Place power ON-OFF switch in OFF position.

8. After adjustment is completed, remove AC power input to the supply and reseal the wiper of
R111 to potentiometer housing.

ADJUSTMENT OF CURRENT CALIBRATION CONTROL R104

The adjustment procedure requires that the power supply is removed from associated equipment,
is at an ambient temperature of 25-30°C and is operated at nominal line voltage.

Whenever R2, R3, R103, R104 aﬂd IC101 are replaced, and current indications do not reflect
published ratings at Vo max, adjust R104 as follows:

1. Apply AC power to the supply and place power ON-OFF switch in OFF position.
2. Break seal on wiper of R104 from resistor housing, Set R104 fully CCW,
3. Connect an ammeter in series with the load.
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Turn CURRENT LIMITER control (R2) fully CW.
Place power ON-OFF switch in ON position.

Slowly adjust R104 CW to obtain 105% of maximum rated output current, as indicated by
external ammeter. DO NOT TURN BEYOND THIS POINT.

Place power ON-OFF switch in OFF position,

After adjustment is completed, remove AC power input to the supply and reseal the wiper of
R104 to potentiometer housing,

ADJUSTMENT OF METER REFERENCE CALIBRATION CONTROL, R304

The adjustment procedure requires that the power supply is removed from associated equipment, is at
an ambient temperature of 25-30°C and is operated at nominal line voltage, with no load.

1,
2,
3.

Apply AC power to the supply and place power ON-OFF switch in OFF position.
Break seal on wiper of R304 from resistor housing,

Connect a digital voltmeter, Data Technology Model 4D or equivalent, plus lead to terminal
TP2 and minus lead to terminal TP1.

Place power ON-OFF switch in ON position. Adj'ust R 304 until digital voltmeter indicates
100 millivolts.

Place power ON-OFF switch in OFF position.

After adjustment is completed, remove AC power input to the supply and reseal the wiper of
R304 to the potentiometer housing.

ADJUSTMENT OF VOLTMETER CALIBRATION CONTROL, R313.

The adjustment procedure requires that the power supply is removed from associated equipment, is
at an ambient temperature of 25-30°C and is operated at nominal line voltage, no load.

1.
2
3.

©®Nae o s

16

Apply AC power to the supply and place power ON-OFF switch in OFF position.
Break seal on wiper of R313 from resistor housing.

Connect a DVM (dohn Fluke Model 825A or equivalent) at rear output sensing terminals +8
and -8 to measure output voltage.

Place power ON-OFF switch in ON position.

Observing the DVM, adjust front panel voltage control for rated maximum output voltage.
Place METER SELECTION switch in VOLTS position.

Adjust R313 so that front panel meter reading is identical to external DVM reading,

Place power ON-OFF switch in OFF position,

After adjustment is completed, remove AC power to the supply and reseal the wiper of R313
to the potentiometer housing.
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ADJUSTMENT OF AMMETER CALIBRATION CONTROL, R342

The adjustment procedure requires that the power supply is removed from associated equipment, is
at an ambient temperature of 25-30°C and is operated at nominal line voltage.

Apply AC power to the supply and place power ON-OFF switch in OFF position.
Break seal on wiper of R342,

Connect an external ammeter between the +V and -V output terminals,

Place power ON-QOFF switch in the ON position,

Observing the external ammeter, adjust the front panel CURRENT LIMITER control for
maximum rated current.

Place METER SELECTION switch in AMPS position.

7. Adjust R342 so that front panel meter reading is identical to reading indicated by the external
ammeter. :

Place power ON-OFF switch in OFF position,

9,  After adjustment is completed, remove AC power to the supply and reseal the wiper of R342 to
the potentiometer housing.

I S

o

g

PERFORMANCE CHECKS

Checks With Constant Voltage O;f)’eration; Check the ripple and regulation of the power supply using
the test connection diagram shown in figure 12, Use suggested test equipment or equivalent to obtain
accurate results. Refer to SPECIFICATIONS AND FEATURES for minimum performance standards.

Set the differential meter, DC DVM (John Fluke Model 871A or equivalent) to the selected power
supply operating voltage. Check the power supply load regulation accuracy while switching from the load
to no load condition. Long icad leads should be a twisted pair to minimize AC pick-up.

Use a Variac to vary the line voltage from 105-132 or 132-105 volts AC and check the power-supply
line regulation accuracy on the differential meter.

Use a VI'VM, Ballantine 320 or equivalent, to measure rms ripple voltage of the power supply DC
output. Use oscilloscope to measure peak-to-peak ripple voltage of the power supply DC output.

Checks With Constant Current Operation. Check the ripple or regulation of the power supply using the
test connection diagram shown in figure 13. Refer to SPECIFICATIONS AND FEATURES for minimum
performance standards.

Check the power supply load regulation accuracy while switching from the short circuit to load
condition. Measure the voltage across sensing resistor Rs. Use John Fluke Model 871 A or equivalent for
the DVM connected across Rs. For Rs, use a resistor having the same value as resistor R3 in the unit being
tested. To obtain regulation figure substitute values obtained into regulation formula:

AE = Regulation in milliampers,
Rs

where AE is the voltage change in millivolts and Rs is the resistapce of the sensing resistor.

Use a Variac to vary the line voltage from 105-132 or 132-105 volts AC and check the power supply
line regulation accuracy using the VI'VM and the regulation formula:

AE
Rs
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SERVICE

When additional instructions are required or repair service is desired, contact the nearest Lambda
office where trained personnel and complete facilities are ready to assist you.

Please include the power supply model and serial number together with complete details of the
problem. On receipt of this information Lambda will supply service data or advise shipping for factory
repair service. ‘

All repairs not covered by the warranty will be billed at cost and an estimate forwarded for approval
before work is started.

PARTS ORDERING

Standard components and special components used in the Lambda power supply can be obtained
from the factory. In case of emergency, critical spare parts are available through any Lambda office,

The following information must be included when ordering parts:

1.

2
3.
4

18

Model number and serial number of power supply and purchase date,
Lambda part number.
Description of part together with circuit designation.

If part is not an electronic part, or is not listed, provide a description, function and location

of the part,
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The electrical parts located on Lambda models LQ-530 — LQ-534 are listed here, Parts
common to a group of models are listed first. Unique parts of individual models within the

PARTS LIST

group are listed separately, by model, immediately following the group common parts listing.

CIRC.
DESIG,

COMMON PARTS

MODELS LQ-530 — LQ-534

DESCRIPTION

C9
101

C102

C103
C104
C105
C107

C108,
C109
C110
Cii4
C1156
Clie

C117,
C118
C301
C302

C303

€304
€305

CR9

CR101
thru

CR104
CR105
CR106
CR109
CR112
thru

CR115
CR116
CR124
CR132
CR133
CR305

-CR306,

CR307

- CR308,

CR309
F1
1C101
IC102
IC103
IC104
IC301
thru
1C303
IC304
IC306
Q302
R2

LQ53-1

Cap,, mica, 380 pf +5%, 600 vdc

Cap,, elect,, 280 mf -10 +100%,
40 vdec )

Cap., elect,, 100 mf-10 +75%,
40 vde

Cap,, mylar, 470 pf £10%, 200 vdc
Cap,, mica, 680 pf £10%, 500 vdc

Same as C103
Cap., elect., 800 mf-10 +100%,
15 vde

Cap.,, elect., 40 mf (37 mf min —

75 mf max), 35 vde

Cap.,, elect., 10 mf £20%, 10 vde
Cap., mylar, 0.1 mf ¥10%, 80 vdc .
Cap., elect., 39 mf £10%, 10 vde

Cap., mylar, 0,33 mf +10%,
100 vde

Cap., ceramic, 0.01 mf $20%,
1,000 vde

Cap., mylar, 0.1 mf £10%, 200 vdc

Cap,, mylar, 0,47 mf £10%,
200 vde
Cap., mylar, 0,22 mf £10%,
200 vde

Cap., mica, 100 pf £5%, 500 vde

Cap., mylar, 0.01 mf +10%,

- 200 vde

Rectifier
Rectifier

Rectifier

Same as CR101
Same as CR101
Same as CR101

Rectifier, zener diode
Rectifier

Same as CR116

Same as CR124
Rectifier, zener diode
Rectifier

Same as CR101

Fuse, 7A, 125V, SLO-BLO
Integrated circuit
Integrated circuit
Integrated circuit
Integrated circuit
Integrated circuit

Integrated circuit

Integrated circuit

Transistor

Res,, var,, ww, 400 ohms +5%,
2w

LAMBDA
NO.,

CCJ-33-001

CBR-28-074
CBR-10-108

CGJ-47-002
CCJ-68-006

CBR-80-099
CBP-40-014
CBP-10-027
CGM-22-002
CBP-39-072
CGM-33-012
CDL-10-004

CAM-10-012
CGM-47-016

CGM-22-002

CCJ-10-007
CGL-10-002

FBL-00-103
FBL-00-030

FBL-00-092 _

FBM-Z133
FBL-00-105

FBM-Z140
FBL-00-196

FFC-07-000

‘FBT-00-128

FBT-00-132
FBT-00-047

" FBT-00-046

FBT-00-076

FBT-00-074
FBT-00-137
FBN-L199

DNR-40-061

CIRC.

DESIG.

COMMON PARTS (Cont.)

MODELS LQ-530 — LQ-534 (Cont.}

DESCRIPTION

R101
R102

R103
R104

R106

R110
Rin

R112
R118
R126
R302
R303

R304
R305 -

R312
R313

R316
R320
R321
R322,
R323
R325

R326
R327
R328

R329
R330
R331
R341
S1

52
5301

c1
ce
Cs,

C4
C5

Ce .
CR1,
CR2

Res., film, 7,500 chms £1%, 1/8 w

Res., var., cermet, 5,000 ohms
210%, U w@ 75 C

Res., film, 1,000 ohms 5%, ¥ w

Res,, var,, cermet, 2,000 ohms
$20%,1w@25C

Res., comp., 100,000 ohms £10%,

Yaw

Res., film, 887 ohms £0.5%, 4 w

Res,, var., cermet, 10,000 ohms
+£10%, 1w @25 C

Res., comp,, 560 ochms £10%, 1 w
Res,, comp,, 330 ohms £10%, Y w
Res., comp., 220 chms $10%, % w
Res,, film, 47,500 ohms ¥1%, % w

Res,, film, 100,000 ohms £2%,
Y% w
Same as R104

Res., comp., 1.2 megohms *10%,

Yew
Res,, film, 953,000 ohms 1%,
Ya w

Res., var., cermet, 100,000 ohms

+10%, 1 w

Res., comp., 270 ohms *10%, ¥ w

Same as R316

Res., comp., 820 ohms £10%, % w

Same as R316

Res., comp,, 1,000 ohms £10%,
Yaw

Res., comp., 330,000 ohms *10%,

Ye w
Res., comp., 51,000 ohms *5%,
Y% w

Res., comp., 68,000 ohms £10%,
1

2w
Same as R325

Res,, film, 2,000 ohms 2%, 4 w
Res., film, 24,300 ohms *1%, % w
Res., film, 1,000 ohms 1%, b w

Switch, toggle, ON-OFF
Thermostat

Switch, slide, METER SELECTOR

UNIQUE PARTS
. MODEL LQ-530

Cap., elect., 32,000 mf -10 +100%,

30 vdce

Cap., elect,, 1,500 mf -10 +100%,

30 vde

Cap., mylar, 0.22 mf £10%,
200 vde

Cap,, elect., 12 mf -10+100%,
100 vde-

Cap., elect., 3.9 mf+10%, 50 vdc

Rectifier

LAMBDA
NO. .

DCS-75-145
DRS-50-034

DCS-10-019
DRS-20-012

DCB-1041

DCR-89-094
DRT-10-048 .

DGB-5611
DEB-3311
DCB-2211
DCT-47-040
DCV-10-038
DEB-1251
DCV.95-042
DRV-10-019
DEB-2711

DEB-8211

DEB-1021
DEB-3341
DEB-5135
DEB-6831
DCS-20-067
DCT-24-105
DCS-10-036
FDA-11-040

FKA-142-015
FDE-22-002

CBT-32-122
CBS-15-217
CGM-47-016
CBP-12.041
CBN-39-041



UNIQUE PARTS (Cont.)
MODEL LQ-530 (Cont.)

CIRC.

DESIG. DESCRIPTION

CR5 Same as CR1

CR110, Rectifier

CR111

2 Fuse 304, 32V, NORM-BLO

Q1 Transistor, NPN

thru

Q6

Q7 Transistor, NPN

Q@101  Transistor, NPN

R1 Res., var., ww, 10,000 ohms
(9K+1K) -0 +10%, 2 w ea

R3 Res,, ww, 0.045 ohm *5%, 15 w

R4 Res,, ww, 0.43 ohm 5%, 7 w

thru

R9

R10 Res,, ww, 135 ohms +5%, 16 w

R11 Res,, film, 82 ohms 5%, % w

R107 Res, comp., 120 ohms £10%, Y% w

R108 Res,, filn, 1,050 ohms £0.5%,
Yaw

R109 Res,, film, 40,200 ohms 1%, % w

R115 Res., comp., 1,800 ohms +10%,
%w

R311 Res., film, 1,000 ochms 1%, %X w

R340 Same as R109

R342  Res, var, cermet, 10,000 ohms
+10%, 1 w @ 25°C

T1 Transformer

MODEL LQ-531

C1 Cap., elect,, 16,000 mf -10 +100%,
50 vde

c2 Cap., elect., 860 mf -10 +75%,
50 vde

C3, Cap,, mylar, 0.22 mf £10%,

C4 200 vde

C5 Cap,, elect, 12 mf -10 +100%,
100 vde

CR1, Rectifier

CR2

CR5 Same as CR1

CR110, Rectifier

CR111

F2 Fuse 204, 3.2V, NORM-BL.O

Q1 Transistor

Q7 Transistor, NPN

Q101  Transistor, NPN

Rl ‘Res,, var.,, ww, 20,000 ohms
(19K+1K) +10%, 2 w ea

R3 Res,, ww, 0,070 ohm 5%, 15 w

R4 Res., ww, 0,74 ohm *5%, 5 w

thru

R9 _

R10 Res,, ww, 135 ohms 5%, 15 w

R11 Res., film, 182 £1%, % w

R107 Res., comp,, 120 ochms £10%, Yo w

R108 Res., film, 562 ohms +1%, 4 w

R109 Res,, film, 40,200 ohms £1%, Y% w

R115 Res., comp,, 4,300 ohms 5%,
Y% w

R311 Res, film, 1,000 ohms 1%, b w

LAMBDA
NO,
FBL-00-030
FFB-30-000
FBN-36220

FBN-35469
FBN-L109
DNT-10-076
DFL-45-018
DFM-43-106

DFR-14-148
DCP-82-020
DEB-1211

DC8-10-088

DCT-40-058
DEB-1821

DCS8-10-036
DRT-10-048
ABA-LQ530-1

CBT-16-121
CBR-§6-200
CGM-47-018
CBP-12-041

FBL-00-054

FBL-00-030
FFB-20-000

FBN-35469
FBN-L109
DNT-20-043

DFL-70-019
DFM-74-107

DFR-14-148
DCR-18-108
DEB-1211
DCR-56-099
DCT-40-058
DEB-4325

DCS-10-036

UNIQUE PARTS (Cont.)
MODEL LQ-531 {Cont,)

CIRC,

DESIG. DESCRIPTION

R342 Res, var., cermet, 10,000 ochms
+10%, 1w@25C

Tl Transformer

MODEL LQ-532°

C1. Cap., elect., 9,700 mf -10 +100%,
78 vde

C2 Cap., elect., 500 mf -10 +75%,
75 vde

C3 Cap., mylar, 0.22 mf £10%,
200 vdc

Cs Cap., elect., 5.6 mf -10 +50%,
250 vde

CR1 Rectifier

thru

CR7

CR110, Rectifier

CR111

F2 Fuse, 104, 125V, NORM-BLO

Q1 TFransistor, NPN

thru

Q6

Q7 Transistor, NPN

Q101 Transistor, NPN

R1 Res., var., ww, 40,000 ohms
-0 +40%, 2 w

R3 Res., ww, 0.120 ohm *5%, 10 w

R4 Res.,, ww, 1.36 ohm £3%, 3 w

thru

R9

R10 Res,, ww, 300 ohms £5%, 15 w

R11 Res,, film, 390 ¥2%, 4 w

R107 Res, comp,, 120 ohms 10%, V2 w

R108 Res., film, 280 ohms, *1%, % w

R109 Res,, film, 40,200 ohms 1%, Y2 w

R115 Res, comp., 13,000 ohms 15%,
“w

R311 Res,, film, 1,000 ohms *1%, % w

R342 Res,, var,, cermet, 20,000 ohms
+10%, 1 w@ 25°C

Tl Transformer

MODEL LQ-533

C1 Cap., elect., 4,800 mf -10 +75%,
110 vde

c2 Cap., elect., 320 mf-10 +75%,
110 vde

C3 Cap., mylar, 0.068 mf +10%,
400 vdc

Cs Cap., elect., 5.6 mf -10 +50%,
250 vde

CR1 Rectifier

thru

CRS8

CR110, Rectifier

CR111

F2 Fuse, 7TA, 125V, NORM-BLC

Q1 Transistor, NPN

thru

Q86

LAMEBDA
NO.

DRT-10-048

ABA-LQ531-1

CBS-97-214
CBR-50-198
CGM-47-016
CBN-56-026
FBL-00-064

FBL-00-030
FFK-10-000
FBN-36487

FBN.36488
FBN-L108
DNT-40-074
DFM-12-104
DFN-14-066

DFR-30-132
DCR-39-046
DEB-1211

DCR-28-068
DCT-47-040
DEB-1335

DCS-10-036
DRT-20-0561

ABA-LQ532-1

CBS-48-219
CBR-32-197
CGL-68-004
CBN-56-026
FBL-00-054

FBL-00-030

FFC-07-000
FBN-36220

LQ53-2



UNIQUE PARTS (Cont.) UNIQUE PARTS (Cont.}
MODEL LQ-533 (Cont.) MODEL LQ-534 (Cont.)
CIRC. LAMBDA CIRC LAMBDA
DESIG. DESCRIPTION NO, DESIG. DESCRIPTION NO.
Q7 Transistor, NPN FBN-35903 F2 Fuse, 4A, 260V, NORM-BLO FFB-04-000
Q101  Transistor, NPN FBN-L108 Q1 Transistor, NPN FBN-39502
R! Res., var, ww 60,000 ohms DNT-60-075 thru
-0 +10%, 2w Q6
R3 Res., ww, 0.160 ohm £5%, 5 w DFM-16-105 Q1, Transistor, NPN FBN-39503
R4 Res., ww, 2.0 ohms £3%, 3 w DFN-20-009 Q8
thru Q1i01, Transistor NPN FBN-L115
R9 Q102
R10 Res., ww, 750 ohms 5%, 16 w DFR-75-149 Q103 Transistor, NPN FBN-L108
R11 Res,, film, 562 ohms £1%, ¥ w DCR-56-099 R1 Res., var. ww 120,000 ohms DNV-12-002
R107 Res., comp., 120 ohms *10%, 2 w DEB-1211 -0 + 10% 2, 2w
R108 Res., film, 332 ohms 1%, %4 w DCR-33-042 R3 Res. ww 0.30 ohm 5%, 3 w DFM-30-053
R109 Res., film, 95 300 ohms *1%, *» w DCT-95-027 R4 Res., ww, 2.7 ohms £2%, 3 w DFN-27-053
R115 Res., comp., 27,000 ohms +10%, DEB-2731 glgu
law
R311 Res,, film, 1,000 chms +1% % w DCS-10-036 R11 Res., film, 1,180 ohms +1%. % w DCS-12-133
R342 Res. svar cermet 20,000 ohms DRT-20-051 R107 Res. comp ’390 chms +10% Y w DEB-3911
+10% 1w@25°C R108 Res., film, 332 ohms $£1%,% w DCR-33-042
T1 Transformer ABA-LQ533-1 R109 - Res.,film, 174 000 ohms il%, DCV-17-031
Yaw
MODEL LQ-534 R113, Res,, film, 31,000 ohms +1%, Y¥4w DCT-31-070
R1l4
C1l Cap., elect, 2,600 mf .10 + 75%, CBS-26-218 | R116 Res., ww, 15,000 ohms 5%, 5w DFT-15-033
00 vde R112 Res., comp., 180 ohms +10%, 2w DEB-1811
Cc2 Cap., elect, 170 mf -10 + 75%, CBR-17-196 R120 Res,, comp., 150 ohms £10%, % w DEB-1511
200 vde R311 Res, Film, 100 ohms +1%, %2 w DCR-10-016
C3 Cap., myiar, 0.068 mf £10%, CGL-68-004 R340 Res., film, 22,600 ohms +1%, Y4 w DCT-23-098
400 vde R342 Res., , var, cermet 10,000 ohms  DRT-10-048
C5 Cap., elect, 3.3 mf .10 +50%, CBN-33.027 +10% 1w@25°¢
250 vde T1 Transtormer ABA.LQ534-1
C10 Cap., mylar, 0,001 mf £10%, CGK-10-009
400 vde o : “V” AND “V1” OPTION
C106 gasp;:dilect., 680 mf -10 + 100%, CBR-68-199 g{‘g‘Q'“O ;Il)“ggg%%"tglwgh oy OEr‘I;‘Vl” option:
y + 10. ecomes -21.070; ecomes FFC-03-000 and
811_%%’ ggg.;'g‘l:ylar, 0.01 mf +10%, CGIL-10-002 F3, FFC-03-000, is added.
CR1 Rectifier FBL-00-039 .
thru
CR5
CR101 Rectifier FBL-00-030
thru
CR104
CR110, Rectifier FBL-00-064
CR111
CR117 Same as CR101
thru
CR119

LQ53-3
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Figure 2. Cable Length “A” in Feet



105~ 32 Vac 1
47-440Hz | =5 -V +F

® @ 4; 5 @ @ @ DA
—_ . F;*_r — _.....__\—J'_..._I

LOAD
NOTE: :

% FOR NEGATIVE GROUND, DISCONNECT JUMPER FROM TERMINALS
SANDE AND RECONNECT TO TERMINALS 4ANDS,

Figure 3. Two-Wire Connection

105-32 VAC
47-440 Hz

NOTE.
% FOR NEGATIVE GROUND, DISCONNECT JUMPER FROM TERMINALS
SAND £ AND RECONNECLT 70 TERMINALS §ANDE.
* % 2MF, 35V, ELECT. MAY SE REQUIRED TO ELIMINATE NOISE BICK-UP,

Figure 4. Four-Wire Connection



105-132 VAC
47-440Hz
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O

I
l 105-132 VAC
!
!

- ~1lJ AT __]
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*
I3 % % IK§ / * %
+ s Lo T 3
T= PROG. VIGE T+ 3 PROG, VTGE
1060 OHMS 7 VOLT 1000 OHMS/ VOLT
3 3
1 1
—o —o
{A) LOCAL SENSING (B) REMOTE SENSING
NOTES:

% FOR NEGATIVE GROUND, DISCONNECT JUMPER FROM
. TERMINALS SAND6 AND RECONNECT TO TERMINALS
4 ANDS.
% % IK RESISTOR AND SWITCH REPRESENT A TYPICAL METHQD
OF ACHIEVING THE PROGRAMMING SEQUENCE DESCRIBED
ON PAGE 6.
+ CAPACITOR TO BE IDENTICAL RATING AS C5 ON SCHEMATIC,

Figure 5. Programmed Voltage, with External Resist

|
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| 105-132 VAC 1 : : 105-132 VAC
i 47-44QH; -5 -V = +V +5 PO | | 47-440 Hz
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LOAD PROGRAMMING

VOLTAGE

PROGRAMMING
VOLTAGE

HF

4

{A) LOCAL SENSING . (BY REMOTE SENSING

NOTE :
¥ FOR NEGATIVE GROUND, DISCONNECT-JUMPER FROM
TERMINALS SANDE AND RECONNECT TO TERMINALS
4AND S, . ’

Figure 6. Programmed Voltage, with External Programming Voltage Source
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(B} REMOTE SENSING

SHOWN, REMOVE JUMPER FROM TERMINALS SAND 6 ON (M) UNIT AND CONNECT ANY ONE OF
Figure 7. Series Connection

¥ MAKE ONLY ONE GROLIND CONNECTION FOR THE SERIES COMBINATION TO CHANGE GROUND AS
THE OTHER JUMPERS AS SHOWN IN DOTTED LINE.

{A) LOCAL SENSING

NOTE:
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Figure 8, Alternate Series Connection




105-132 VAl
47-440 Hz

0J©,

l_(S) UNIT

105-132 VAC
47-440Hz
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(MIUNIT
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47~440 Hz

NOTE !

NO. 16
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% FOR NEGATIVE GROUND, DISCONNECT JUMPER FROM
TERMINALS SANDS AND RECONNECT TO TERMINALS

4ANDS.

Figure 9. Parallel Connection, Local Sensing
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: NC. 16 *f*
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NOTE :

% FOR NEGATIVE GROUND, DISCONNECT JUMPER FROM
TERMINALS SANDE AND RECONNECT TO TERMINALS

4ANDS.

3 3% LEAD LENGTHS MUST BE EQUAL.

Figure 10. Parallel Connection, Remote Sensing
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¥ THIS CIRCUIT ELEMENT 1S LOQCATED IN ICIO!.

Figure 11. Typical Block Diagram



OSCILLOSCOPE
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1
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23 @ °
By O VARIAC }usv.ac
1] | O
3; s
£ OLINE GND

NOTES!:
I. REGULATION AND RIPPLE CHECK METERS MUST NOT BE
GROUNDED THROUGH THREE-WIRE LINE CORD TO GROUND,

2. PERFORM CHECKS WITH LOCAL SENSING CONNECTIONS ONLY.

Figure 12. Test Connections for Constant Voltage Performance Checks

I : OAD
L
©)
-
g @
7] ../'.
> +| : j—— SWITCH
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b IR TR () RIPPLE I OVM
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8 O |
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gg 8 VARIAC }usvnc
i (0
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- o LINE GND

NOTES:
|. REGULATION AND RIPPLE CHECK METERS MUST NOT BE
GROUNDED THROUGH THREE~WIRE LINE CORDTO GROUND.

2. PERFORM CHECKS WITH LOCAL SENSING CONNECTIONS ONLY.

Figure 13. Test Connections for Constant Current Performance Checks
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GENERAL DESCRIPTION

Rack adapter LRA-1 is designed for
use in equipment racks where ruggedized
mounting of units is required., The adapter
can be used with or without chassis slides.

Rack adapter LRA-2 is designed for
simple applications of rack installation
where chassis slides and ruggedized mount-
ing of equipment are not required.

Both rack adapter LRA-1 and LRA-2
can be used to install 1/4-rack or 1/2-rack
power supply units intoequipment racks.
Each adapter can accept various combina-
tions of 1/4 and 1/2-rack units up to four
1/4-rack units or two 1/2-rack units.

INSTALLATION OF 1/2 RACK UNITS INTO
LRA-1

To install 1/2-rack power supply
units, remove slide numbers 2 and 3 and/or
6 and 7, together with securing hardware
and associated slide bar nut.

Using slide screws and slide bar nuts
that were removed, store removed slides
on the frame at the rear of the adapter
where screw clearance holes are provided
for securing each slide to the adapter.

SHIPMENT OF UNITS MOUNTED IN LRA-1

To protect the unit against damage
from shock and vibrations when transpor-
ting adapter with installed units, eight
universal tie~down mounting holes, located
in the adapter base, at the rear of the rack
adapter, are used to secure 1/4-rack and/
or 1/2-rack units into the rack adapter.
Secure each unit using two 6-32 x 5/8
screws, two lock-washers and two spacers
installed from the bottom side of the rack
adapter. See detail A for typical securing
hardware. Eight spacers are supplied with
rack adapter LRA~-1.

RUGGEDIZED MOUNTING

When ruggedized mounting of units is
required, follow the procedure described
for SHIPMENT OF UNITS MOUNTED IN
LRA-1. See detail A for typical securing
hardware.

MOUNTING CHASSIS SLIDES

Mount chassis slides using the follow-
ing hardware. To assure unrestricted
mounting of units into the adapter designated
screw lengths must not be exceeded. Insert
screws into designated holes and secure
slide in position using long bar nut supplied
with rack adapter LRA-1.

CHASSIS TRAK NO. CTS. ~116:
10-32 x 7/16 fl-hd (82°);
use A holes.

LAMBDA NO, KHT-34~103 (1 PR)
6-32 x 3/8 pan~hd;
use B, C, and D holes.

GRANT PULLEY NO. 4435:
6-32 x 5/15 fl~hd (100°);
use B and D holes.

USING BLANK PANELS

Blank front panels Model SB-20 and
SB-40 are available for covering any 1/4~
rack or 1/2-rack opening respectively.
The blank panels can be used with rack

- adapter LRA-1 and LRA -2 whenever a 1/4-

rack or 1/2-rack space in the adapter is
not occupied by a unit. Secure each panel
in position using four 6-32 x 3/8 pan-head
screws supplied with the rack adapter.



RAGCK ADAPTER

DETAIL A
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173 Figure 15. Rack Adapters LRA-1 and LRA-2




SORPR——G ‘e Pt

HYOA MIN'ITHATIN
SOINONLIFATS

vagnwviy

PESTT

K1d2ns 43M0d Q31vIN93L

WEHIVID NUVNIHIS

_6 N 5IKI AU 'ON THIHAS ONIHY IS

NN OL SNy DTLYNHIS SHL|

THOLLDANNGY ONISHES TWIOT 804
22V1d ¥ SYIWAC IEVNON! 191
KO HMOHS SHO01LINNOD 031100

-0L- X1ddNS 0L ¥3334 QYO 0L

"SHYHOYIA SNIHIA QYO

KudaYS HINO S0 ONIIM 50

3 X1438d ONCTVINES KL SLIMN O 0330 L1400 0210 00
“{LENOHID LYOHST INZNHEND GALYY X¥H'SLI0A G INdLAC
"SISIHLN2BYVS Ni'SOH OV g

LNIHHND 032 T0LI0A ATLYA XA LNLNO
"SISIHLN 2474 NI LON 308 a3y
3OVLTOA LNVISNGD ¥
‘35 MHIHLE OILON SSTTHN SIHIOd
QALYYIONI ONY (2 Wa 3k 64+ NITMLTE B2LHL10A
L10A/ SHHOCODCZ HLIW NIHL SINIWISNSYIN 0
‘03LON 35| MYTHLO SEI NN
0 36V GNY SNV WOIAL JAY SIOVLTOA 03 V3IaNI
“THOS IYACII T LTRI
ONTAD
SLHIWIHNSYIN LNIDG LINDHID 303 SHOLLIGNGD ‘&
"SEMIVA FOVLICA §OH 1 276%L 338 '8
"SINVPA LNINOIWOD 404 1318V 335 2
“SUITNNN LUV VOGWY T 3BT SNOILYNSISI0 9
“OHLNGS HOULVEGITFD 20 LHIWLSINOY S3Lvdn
“Qu0E ML o
0 QUYOT SHRIUA CIUNR HO “TWNIRLIL SILYOMNI

"ORLON ISMHNIHIO STITHA LNINIOVIY WO
300/0 2000k HI 3SNT0E0-00 1 "ON LAY YOAWY

IeNNVA ROLLINYLSH] 355 %
LIVHS S0 q
NOILYLOY 3SIMHI0ND S3LVII0HI
ONIEYN LN VALY $SLENaN
1EI0BNAS
03104

L SSIMBEHLO §53INN %01 F HY 1AW R0ZEHWYNID
%GO+ 01~ JILATOHLEDT )3 : SAINVH 0L HOLIHYYD

TOALON IGIMUSHIO SSTINN %G F QHNOMIHIM

"% F ML ROF W00 1SIDNYEITOL HOLSISIY

"0ZLON ASIMEIHLO
SSIINN SOVAVIOUIIN NI J3Y 5IMVA HOLDVLYD
0IION ISIMHIHLO SS3TNN

SHHO NI SAMTIVA HLIA SWOD M1 AUV SHOLSISIH
S340N

L

L1 [

vz

$40-00-184 $OEDI

Mz
A2
0Zgd
SL0-00-184 M §20-00-184] N G£0-00~-184
£0E21 i 20821 .
9 0o
W i i .hw m
= ]
M g2l ¥l o H2 R TR 2
[ 1] 12

sard

i
O IR

"SIHIS NI QFEM

SwAabe-lat
X NOULLD AN

(ROILO A
VA 292~ LB
02 QISn dvL

Y SIRVNIHD
UIHOISNYUL
"SHOLLED (AT HO

=Y go3n ],
XVH QANEL Z_RM- WLE
AeToreon [+
e
L L
G F7-ods
* s * om0
BPO-00-184 neen
+0I21 AGGI+
a2 EoE] [EZ5a : 13333
AW
—_—— e ——— Aoty
i
wl® It
| [CETL . 1€
! A2 £1a-WHON
A "
L @ 23 W wld MR M2 A1E0-;
neaf 1ner GGz
[12°8 _v.vw.N_
bty 552 e @ R Diy
% @ Lxobroee wsodoil ]
Py 27 Fri]
1 YA
LIV
- Laoca
S = 43
ME AP0+
At @ e Reg
1 .
1 %9 £0-00704 () = , .»,
" EEIND W B!twu
L 1 M3n WOIT | ,ID-ZONQ 21} 208GE-NE4  jADGeH oW X Lo
T LY “ &5 @qw_m &89y
Lol
gz 20 erud A 2 1
-Wed(P i
Sl feiien 2 %] o
Y i I
€] I #
AT e u L
&
2y’ MMM\N.!
i
a @ 2v ny 9 &N.l_m‘_AWIﬁ»mm
mage-)
AFEE~
@ Ol Zotao
- 12303
m ) ot
IV o HHT
el <on
Il 160-00-184 WAS1zr
£ AIECH




SOIION FMEILO SSTW)LNINW T3Y
S_azuéz_@sgo REEEELE T 3000 S R A Tl T ] -
x4 AN TN sl i &8 AN CuIZ Jgelion 03um Xim 40100 e
$2iN0HLIT3 SIHLNIHVL NI LOK "Sob vl NOLLYAOH 35IMN00T0 STLVDIANT 1
. ; *35tmu3n.10 ONINHYW LINN IYREDY STAYION C——F
YVAHNY'E SLINN ICUTND MHO NI 51 921 "1 QILON SSHFINM SANIOL OTLYDIAN) ONY (L WNIL 5+ B E
N0 NMOHS $HOILIENNOD 031100 *SLINN IRF0Y NG 935N ATND 0212 21 PIINL38 B31NL To LIOATSHIG C0003 HiANTIY m...whu.wu ¢
EeOT'BESRT *SHVHIVI SHIHIM QYO LD HO ¥L ANV 2EE5T NG ¥0) EENG L0 553 LaIUK
_nnmou“__ .Mmmo._ ~01-X1ddNS OL UT23 GvaT0f ‘I££07 HO ¥03 S1Z4 126507 NO SOSSE-NB2 51 ONY 1S257 HO ONY $3N¥A T¥DIdAL 35V SIOVL0A O3LYOIGNI .M%oﬁznwmw:wm_uczﬂ@wwm_wmﬂozﬁu#oo.mm.vu.n._“_uﬁww 4
AKANS YN0 30 ONIIN 5O, BIPIS-NG4 1 20 FECCON QNY 25001 NC BOIT-Ned §1 1010 "It PO TSI LN “03:50N ISWEIHLO SSTTN RS F ANNOMIHM
N9y (IS0 HO WI46! S1 CHY OR98T HO I35 S B 'Y 'ERE0] . %1 F Wi ROUF wGo  S30NYHI 0L UOLSISTY &
r;&zammwwﬁwﬂmw.wﬂom NO U350 ATHO BUD | IES0T ONY 2E4071 NO O350 ATRO L¥0 ‘5K ‘01 SINFNIUNGYIN ._.z,o“u.ﬁ._m_za m%u_u. mz.ﬂ.”.%MS M ‘0310 SIMUZHLO
“[LIRDHID 1YOHE) ANITHAD T L¥E KYN'ELI0N 0: £Nd 110 LU 0A ¥0d £ 3 35 9 $SIINN SOVHYLOUNW NI 38Y STVA HOLIDVIVS ‘2
SISTHINABY NiSON G aY S3TWA ANINCAMO) $04 L 3AVE 335 L “03LON FSIAYIHLO $5ITNN
ININEND INVISNGD A “SHIBNNK Lisvd VOB FuY SHOILYNDISIA 9 SWHOR! SINTVA HUM dWCD Mb/1 IHV SHOLSISIH 1
“IOHINOD WOILYHEITYD ¥0 INSWLSONY SLIVDIN () STLON
Jigron vl o
HO GUVOS ENBIM GILNIND KO IVHINGTL S3LV!
1Y e
@)
ml - T T - T T TuvOR +hOuD 0 KigS B30I TINVE LS ._
i
_ ozeH g e _
$20-00-104 $£0-00- 184 H €10-00-104 less zee TR0
©0€%1 2001 10891 O+ 1:0£507
pol bei 51
4 gl o £ of &
I
7 ¥ =2 a ERER-E-T
$L0-00-184 $ORIL 1
_ [ 5 ] 2dL
¥ 80E8) L] —
ASE
_ 082 L t@
whal | L9HH33 v
W4 wegFg MO [ B8
01} XM *
_ s P $OtY e g 2y SHOLLAC 1A L
2058 bt owA
IE1-00-183 ._.uﬂmh\ [
XU O WS N BT LE
_ 0eol ...una.ou_an_..fﬂ. z§ -
90
AG 10313
N o0 xu ganst |, Rk |
el WS T !
- 314 3svo 01 HATHIS |
2089 . coorioo’ziis T b
lllllllll __ _ ThO'G+ 147 ) : . it ’ [
23 B 7 P 91000 1ed thwen vy g b
| oG4 ; i)
_ & 2 Loedd /A i “
13 Bl = S170%] Sdil i
_ et el C \/\ ]
30N 5T 00 (
) o
T e IPEE obed | el
LN [2) 23] (L 3LON) [ 0W-OB
i fon . sild | W
v U1 3gon 4
L te 31om(g) e Shion EENLIEN]
L= O
R KINO 185" 08507 tnagon
{01 3103 te3tom ¥, 1 aiom
@ @ (1] I g _Emﬂ-A b o
P PETL —— 1988
el (2320H) 1%} 20
@ 238
¥ @ (2 508), Si08) 1] i
« o s Sion
REPETCY oI [H) oD (=3
e Qo it ” ’ =
ol
oyl(e
(40
430 2 3gom ATHO'aVA
+1(5) e
2
ﬁ 000204 ) wus 18 3108 8] nm_w:umo»*
st wn| EET "|.|.I||>._|5_|nm“3[3..uﬂwwﬂuln||ll.4_
KL ‘M -0~
P e . e dmm I | 2 |
E £€1Z h @ it ol #iE AR 2 boll] I hd “
-WOI(E _
-7ga | 218D Mas 7 ¥ o S ﬂ Kon | @3lony )
683 ROI% —plt [ @ FELT-H vom | (£ 3LoM K]
@® [oge o L) o | (2 340%) ¥ i
ATEF H o s A
F1-00-184 s YA [ 1 13 |
4 Z00L & [202 3 M 1
- {0} ) 440k ! (L3L0N) "S2E M O3EM
oM 260 tarod | £2 taawond | 34¥ SalivNRis
g 00783 AbG+ hu ] LINGOISVHL
SO HOOL | Foaum | | "SNOILEG IAA MO
M
2y F sod T H 5 I
wsl(n & - 21-00- 484 H v40-g5-104 i
Kt o L |
YN W oy N i e -
E (—s L ¥vumacs 1
BEEID —— . Aged
= 1 AEE~ ozv
F)
- A @ 13313 Zowd
A —mm =4t o
] oK B2y 3] T TR el o
A 35
. - 260 ®v2 o oy S roz
— {AL T LP0-00-182 Ao I24)
ALIIE €0I01 g
v [




b0 M% 1 aEsn MY zee | os1T | “ESD Lg ME | go0'08T pegdT
wozz | ZON | wWpaI LON g0
30z | dmawne | uwE | wegs zee 299 084 02 mﬁ.w 00009 |  gegd1T
%eT ) %gT ) MOT ,
MO0G | WEAWOP | yer | MOV 088 065 oos | e | oo | ooo'op zestr1
: %GF e MaT %0T¥ e
0T dadnne p:ty T a8t %8TF 18901
e o e e yLo | 0400 000'0%
%g0F | %or Bl mer
0T qeor | W8T | uzor g8l | %OF 000°0T 08801
0g0T 78 evo | 90
OINVYED Wi | awoo | mwma | wid | Wi e MM A PPon
M M % M¥ Mm% B MO Mme M ME
%0TF %TF | %01+ %17 %17 %17 %53 %ET %9F | %o+ 0-
gheu obed | eriy | eoT™ | sotW | vr® | orw |ewvy | eu e
sjusuodwor) MNjewayss
(3uoD) 1 F1aV.L
TATWNN LUV VANV Tk
opAYOT . . .
20608 aEsn | OPA0gE @SN | 2PAQ0F opap0g %gar+01- | ooz | (160 (91914 | (B'p8T) ot
ION | muge ION | 7w 890°0 oLt | jwgoe'z gozl-| 119+ | zoel
opAGTL . . )
g06ae amsn | opaogs agsn | opaoor oATT | oairor- | oo | @) (@eLd) | (999) | coom
LON Jwo'g LON | ywrg900 WOZE | wgosy zeo| T1BE+| L9
agsn | opapes agsn opAog IpAgy, opagL o1 )| (eega | teew
Levoe 10N | Jugg ION | 1wzz0 jmgog | swmoors | VO gore| o | ey | FESOT
Qs |o,nbr 80T {1 opagog opagg opage apagg (r1y | (ogen | (gew)
02298 %001+ OT- A 00z Te8BT.
ION |[“iwggr | mego | smago w0 | Jwogo'eT ooe-| 6T+ | 682
07298 oprog | o ouam_,%m 2pagOg Aoy | o POE opage | 00T- | (&1 (o0g+) | (21) | osebl
o gl L s Sad B :
ey |WORNOL | yuggo | yuegoe | %O OV | wooo'ze egpl-| veT+ | o8t
Ni&x | EOTIE | IOWIE [ ¥UVTIAW | HVTAN hrelc ipic oA | (oaal | baayj (oaa) | ova) POl
%o1F | %09+ 01- %0T% %OEF | %84+0T- | %ool+01- | « 0 a v
obrTh 20 g0 ¥0 £ F£9) 0 SUSWAINTESL]
QB8O VHEWSYOE
sjuenoditio) djemayog

20071 38901 ‘TegdT ‘084D STIAOW
SAONTHHITY VLV DLLVWIHOS
I1dTEVL




