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SERVICE INFORMATION

MAINTENANCE
INTRODUCTION

This section provides performance test, troubleshooting infor-
mation, and adjustment and calibration procedures. The fol-
lowing operation verification tests comprise a short procedure
to verify that the power supply is performing properly, without
testing all specified parameters.

If a fault is detected in the power supply while making the
performance check or during normal operation, proceed to

the troubleshooting procedures. After troubleshooting, per-
form any necessary adjustments and calibrations. Before
returning the power supply to normal operation, repeat the
performance check to ensure that the fault has been properly
corrected and that no other faults exist.

Test Equipment Required
The following Table A-1 lists the equipment required to per-
form the various procedures described in this section.

Table A-1. Test Equipment Required

Current Range : 10 ADC
Open and short switches
Transient on/off

TYPE REQUIRED CHARACTERISTICS USE RECOMMENDED
MODEL

Oscilloscope Sensitivity : 100 uV Display transient response and ripple Keysight 54600A
Bandwidth : 20 MHz/100 MHz and noise waveforms.

RMS Voltmeter True rms, 20 MHz bandwidth Measure rms ripple and noise
Sensitivity : 1 mV voltage.
Accuracy : 5%

Multimeter Resolution : 100 nV Measure DC voltages. Keysight 34401A
Accuracy : 0.0035%

Electronic Load Voltage Range : 240 VDC Measure load and line regulation. Keysight 6063A

Resistive Loads (R) 40Q20W,24 Q20 W

Measure ripple and noise.

Current Sampling 100 mQ 0.1% 15 W

Resistor (Shunt)

Measure output current

Variable Voltage
Auto Transformer

Range : 85-130 and 200-260
Volts

Vary AC input.

Operation Verification Tests

The following tests assure that the power supply is per-

forming properly. They do not, however, check all the speci-

fied parameters tested in the complete performance test

described below. Proceed as follows:

a. Perform turn-on checkout procedure given in page 1-10.

b. Perform the load regulation performance tests given in
the following paragraphs.

Line Voltage Option Conversion

To convert the supply from one line voltage option to another,

the following three steps are necessary:

a. After making certain that the line cord is disconnected
from a source of power, remove the top cover from the
supply and set the two sections of the line voltage selec-
tor switch for the desired line voltage (see Figure A-1).

b. Check the rating of the installed fuse and replace it with
the correct value, if necessary. For Option OE3, use a
slow-blow 1.0-amp fuse. For standard and Option OE9,
use a slow-blow 1.6-amp fuse.
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c. Mark the instrument clearly with a tag or label indicating
the correct line voltage to be used.

15 v

h 100 Vv

< FRONT

SUPPLY

N

i

230 v

Figure A-1. Line Voltage Selector (set for 115 VAC)




PERFORMANCE TESTS

The following paragraphs provide test procedures for verify-
ing the power supply's compliance with the specifications of
Table 1. Proceed to the troubleshooting procedures if you
observe any out of specification performance.

CAUTION

Before applying power to the supply, make certain
that its line voltage selector switch (S2) is set for the
line voltage to be used. (See CAUTION notice in
operating section for additional information on S2.)

GENERAL MEASUREMENT TECHNIQUES

Connecting Measuring Devices. To achieve valid results
when measuring load regulation, ripple and noise, and tran-
sient response time of the supply, measuring devices must be
connected as close to the output terminals as possible. A
measurement made across the load includes the impedance
of the leads to the load. The impedance of the load leads can
easily be several orders of the magnitude greater than the
supply impedance and thus invalidate the measurement. To
avoid mutual coupling effects, each measuring device must
be connected directly to the output terminals by separate
pairs of leads.

When performance measurements are made at the front ter-
minals (Figure A-2) the load should be plugged into the front
of the terminals at (B) while the monitoring device is con-
nected to a small lead or bus wire inserted through the hole in
the neck of the binding post at (A). Connecting the measuring
device at (B) would result in a measurement that includes the
resistance of the leads between the output terminals and the
point of connection.

OUTPUT TERMINAL ﬁ

e ix/

! S—

LOAD LEAD

MONITOR HERE

Figure A-2. Front Panel Terminal Connections

Selecting Load Resistors. Power supply specifications are
checked with a full load resistance connected across the sup-
ply output. The resistance and wattage of the load resistor,
therefore, must permit operation of the supply at its rated out-
put voltage and current. For example, a supply rated at

20 volts and 0.5 amperes would require a load resistance of
40 Q at the rated output voltage. The wattage rating of this
resistor would have to be at least 20 watts.

Electronic Load. Some of the performance test procedures
use an electronic load to test the supply quickly and accu-
rately. An electronic load is considerably easier to use than a
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load resistor. It eliminates the need for connecting resistors or
rheostats in parallel to handle the power, it is much more sta-
ble than a carbon-pile load. It is easier to switch between load
conditions as required for the load regulation and load tran-
sient response tests.

Output Current Measurement. For accurate output current
measurements, a current sampling resistor should be inserted
between the load and the output of the supply. To simplify
grounding problems, one end of this sampling resistor should be
connected to the same output terminal of the supply which will
be shorted to ground. An accurate voltmeter is then placed
across the sampling resistor and the output current calculated by
dividing the voltage across the sampling resistor by its ohmic
value. The total resistance of the series combination should be
equal to the full load resistance as determined in the preceding
paragraphs. Of course, if the value of the sampling resistor is
very low when compared to the full load resistance, the value of
the sampling resistor may be ignored. The meter shunt recom-
mended in Table A-1, for example, has a resistance of only 100
mQ and can be neglected when calculating the load resistance
of the supply. Figure A-3 shows a four terminal meter shunt. The
load current through a shunt must be fed from the extremes of
the wire leading to the resistor while the sampling connections
are made as close as possible to the resistance portion itself.

CURRENT SAMPLING
TERMINALS

EXTERNAL
LOAD

TO UNGROUNDED
TERMINAL OF
POWER SUPPLY

TO GROUNDED
TERMINAL OF
POWER SUPPLY
SAMPLING
RESISTOR
LOAD
TERMINALS

Figure A-3. Current Sampling Resistor Connections

Rated Output, Tracking, Meter Accuracy, and Cur-
rent Limit

To check that all supplies will furnish their maximum rated
output voltage and current, that the +20 V outputs track each
other, that the front panel meters are accurate, and that the
current limit circuits function, proceed as follows:

Voltmeter Accuracy (+6V)

a. With no loads connected: turn on the supply, connect a
digital voltmeter between the +6V terminal and common
(COM), and set the +6V VOLTAGE control so that the
DVM indication is as near as possible to 5 volts.

b. Push the +6V METER switch on and check the front
panel voltmeter indication. It should be within +(0.5%
+2 counts) of the DVM indication (4.96 V to 5.04 V).

Voltmeter Accuracy (+20 V)

a. With no loads connected: turn on the supply, connect a
digital voltmeter between the +20 V terminal and common
(COM), and set the +20 V VOLTAGE control so that the
DVM indication is as near as possible to 17 volts.

b. Push the +20V METER switch on and check the front
panel voltmeter indication. It should be within +(0.5% +2
counts) of the DVM indication (16.90 V to 17.10 V).



Set the TRACKING RATIO control to the FIXED position,
and check the +20 V and -20 V ranges of the front panel
voltmeter similarly by connecting the DVM to each of
these outputs in turn, setting the +20 V VOLTAGE control
for a 20 volts DVM indication, and verifying that the panel
meter is accurate within £(0.5%+ 2 counts) (19.7 V to
20.3 V).

Tracking
Connect the DVM to the +20 V output, set the +20 V
VOLTAGE control for a DVM indication of 20 volts, and
reconnect the DVM to the -20 V output without disturbing
the voltage control. The voltage at the -20 V output
should be within 1% of the +20 V output (19.8 V to
20.2V).

Variable Tracking Ratio
Leave the +20 V VOLTAGE control set as in step (d), and
use a DVM to monitor the voltage of the -20 V supply
while adjusting the TRACKING RATIO control over its
VARIABLE range. The -20 V supply should be capable of
being adjusted from less than 0.5 volts to between 19 to
21 volts. Return the TRACKING RATIO control to the

FIXED position.
NOTE

Leave the TRACKING RATIO control in the FIXED
position throughout the rest of the performance test.

Rated Output and Ammeter Accuracy
Connect two 40 Q 20 W load resistors across both of the
20V outputs of the supply and set the +20 V VOLTAGE
control for £20 V outputs. (All supplies must be fully
loaded while checking the rated output voltage and cur-
rent of each supply.)
Connect the test setup shown Figure A-4 to the +6 V output.
Make the total resistance of R_ and the current sampling
resistor equal to 2.4 Q to permit operating the output at full
load. R|_ should have a power rating of at least 20 watts.
Close the switch and set the +6 V VOLTAGE control so that
the DVM indicates a voltage drop across the current sam-
pling resistor that corresponds to a current of 2.5 amps.
Push the +6 V METER switch and verify that the front
panel ammeter indication is within +(0.5%+2 counts) of
2.5 amps (2.47 A to 2.53 A).
Check the rated output and ammeter accuracy of the
+20 V and -20 V supplies similarly by connecting the test
setup of Figure A-4 to each output in turn. For each 20 V
supply: make the total resistance of R_and the current
sampling resistor 40 Q, set the +20 V VOLTAGE control
for a current indication on the DVM of 0.5 A, check that
the panel meter indication is within £(0.5%+2 counts) of
0.5A (0.48 Ato 0.52 A).
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POWER SUPPLY
UNDER TEST
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Figure A-4. Output Current, Test Set UP

Current Limit
Disconnect all loads from the supply.
Connect the test setup shown in Figure A-4 to the +20-volt output.
Substitute a short for R|_and leave the load circuit switch open.
Set the voltage of the +20 V supplies to 20 volts.
Close the load switch and determine the current flow
through the current sampling resistor (meter shunt) by
measuring its voltage drop with the DVM. The current
should be 0.55 A £5% (0.5225 A to 0.5775 A).
Check the current limit of the -20 V supply in the same
way. Its short-circuit current should also be 0.55 A +5%
(0.5225 A to 0.5775 A).
Connect the test setup shown in Figure A-4 to the +6V
output. Close the switch, set the total resistance of R|_and
the current sampling resistor to an initial value of 2.4 Q or
greater, and set the output voltage to 6 volts.
Reduce the value of R gradually while observing the out-
put current indicated by the DVM. The current should
increase to a maximum of 2.75 A 5% (2.6125 A to
2.8875 A) before it begins to decrease.
Connect a short across R and then recheck the current
indicated by the DVM. The short-circuit current of this out-
put should be 1 A £15% (0.85 A to 1.15 A). Disconnect
the test setup from the supply.

Load Regulation (Load Effect)
Definition: The immediate change, ® Eqyy, in the static value
of DC output voltage resulting from a change in load resis-
tance from open circuit to the value that yields maximum
rated output current (or vice versa).

To check the load regulation:

a.

Connect the test equipment across the output of the +20 V supply
as shown in Figure A-5. Operate the electronic load in constant
current mode and set its current to the full rated value of the +20 V
supply. Input off the electronic load.

Turn on the supply and adjust its voltage to its maximum
rated value. Then input on the electronic load.

Record the voltage indicated on the DVM.



d. Operate the electronic load in open (input off) mode and
recheck the DVM indication immediately. The readings’
difference during the immediate change should be within
0.01% plus 2 mV of the reading in step (c).

e. Repeat steps (a) through (d) for each of the remaining supply

outputs.
[ + +
POWER l
REGULATED 5uPPLY v ELECTRONIC
A UNDER o | LoAD
SOURCE TEST I 9
L - -

A regulated AC source is used in this load effect testing configuration to
maintain the AC input at a predetermined value. This will ensure that the test
resuits reflect changes in Vot only with respect 1o load current changes.

Figure A-5. Basic Test Setup

Line Regulation (Source Effect)

Definition: The immediate change, Eqyy, in the static value of DC
output voltage resulting from a change in AC input voltage from a
minimum to a maximum value (+10% of nominal voltage).

To check the line regulation:

a. Connect a variable autotransformer between the input
power source and the power supply line plug.

b. Connect the test equipment across the output of the +20 V sup-
ply as shown in Figure A-5. Operate the electronic load in con-
stant current mode and set its current to the full rated value of
the +20 V supply. Input off the electronic load.

c. Adjust the autotransformer for a low line input (-10% of nominal volt-
age).

d. Turn on the power, adjust the output of the supply to its
maximum rated voltage, then input on the electronic load.
Record the DVM indication.

e. Adjust the autotransformer for high line voltage input
(+10% of nominal voltage) and recheck the DVM indica-
tion immediately. The readings’ difference during the
immediate change should be within 0.01% plus 2mV of
the reading in step (d).

f.  Repeat steps (b) through (e) for each of the remaining supply out-
puts.

Ripple and Noise

Definition: Ripple and noise are measured in the rms or peak-
to-peak value over a 20 Hz to 20 MHz bandwidth. Fluctuations
below the lower frequency limit are treated as drift.

RMS Measurement

The rms measurement is not an ideal representation of the
noise, since fairly high output noise spikes of short duration
could be present in the ripple and not appreciably increase
the rms value.

To measure the ripple and noise of the rms value on each
output supply output:
a. Connect the test equipment across the output of the
+20 V supply as shown in Figure A-6.
b. Turn on the supply and push +20V METER switch.
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c. Turn up output voltage to the full rated value.

d. Check that the rms noise voltage at the true rms voltme-
ter is less than 0.35 mV.

e. Repeat for the remaining supply outputs.

POWER
SUPPLY R

L
UNDER
TEST

TRUE
rms
A 2.4 ohms, 20 W for +6V output VOLTMETER

40 ohms, 20 W for +/- 20 V output

Figure A-6. Ripple and Noise rms Measurement Test
Setup

Peak-to-Peak Measurement

The peak-to-peak measurement is particularly important for
applications where noise spikes could be detrimental to a
sensitive load, such as logic circuitry.

To measure the ripple and noise of the peak-to-peak value on
each output supply output:
a. Connect the test equipment across the output of the
+20 V supply as shown in Figure A-6, but replace the true
rms voltmeter with the oscilloscope.
b. Turn on the supply and push +20 V METER switch.
c. Turn up output voltage to the full rated value.
d. Set the oscilloscope to AC mode and bandwidth to
20 MHz.
e. Check that the peak-to-peak noise is less than 1.5 mV.
f. Repeat for the remaining supply outputs.

Common Mode Current (CMI)

Definition : Common mode current is that AC current compo-
nent which exists between any or all supply or output lines
and chassis ground.

To measure the common mode current:

a. Connect the full load for +6 V output.

b. Connect a 100 kQ resistor(Rg) and a 2200 pF capacitor
in parallel between common terminal(COM) and chassis
ground.

c. Connect the DVM across Rg.

d. Turn on the supply.

e. Record the voltage across Rg and convert it to current by
dividing this voltage by Rg.

f.  Check that the current is less than 1 pA.



Load Transient Response Time

Definition : This is the time for the output voltage to return to
within a specified band around its voltage following a change
from full load to half load or half load to full load.

To measure the load transient response time:

a. Connect the test equipment across the output of the
+20 V supply as shown in Figure A-5, but replace the
DVM with the oscilloscope. Operate the electronic load in
constant current mode.

b. Turn on the supply.

c. Turn up output voltage to the full rated value.

d. Set the electronic load to transient operation mode

between one half of supply'sfull rated value and supply's
full rated value at a 1 KHz rate with 50% duty cycle.

e. Set the oscilloscope for AC coupling, internal sync and

lock on either the positive or negative load transient.
Adjust the oscilloscope to display transients as in
Figure A-7.

g. Check that the pulse width (t,-t4) of the transients at 15

mV from the base line is no more than 50 usec as shown.

h. Repeat for the remaining supply outputs.

11820.0%

—0.00s
p4 :

20.0%2/
| . .

| :
= 25.60us

I/t = 39.06kH=z

Figure A-7. Load Transient Response Time Waveform

Stability (Drift)

Definition: The change in output voltage (DC to 20 Hz) for
the first 8 hours following a 30-minute warm-up period with
constant input line voltage, constant load resistance and con-
stant ambient temperature.

To measure the stability:

a. Connect the test equipment across the output of the
+20 V supply as shown in Figure A-5.

b. Operate the electronic load in constant current mode and
set its current to the full rated value of power supply.

c. Turn on the supply.

d. Turn up output voltage to the full rated value as read on
the digital voltmeter.

e. After a 30-minute warm-up, note the voltage on DVM.
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f.

The output voltage reading should deviate less than 0.1%
plus 5 mV from the reading obtained in step e over a
period of 8 hours.

g. Repeat for the remaining supply outputs.



TROUBLESHOOTING

Before attempting to troubleshoot the power supply, ensure
that the fault is with the supply and not with an associated
piece of equipment. You can determine this without removing
the covers from the power supply by using the appropriate
portions of the "Performance Test" paragraph.

CAUTION

Before applying power to the supply, make certain
that its line voltage selector switch (S2) is set for the
line voltage to be used.

Open Fuse Troubleshooting

Although transients or fatigue can cause a fuse to blow, it is a
good idea to inspect the unit for obvious shorts such as dam-
aged wiring, charred components, or extraneous metal parts
or wire clippings in contact with circuit board conductors
before replacing the fuse. The rating of the correct replace-
ment fuse depends on the line voltage option of the instru-
ment: for Option OE3, use a slow-blow 1.0-amp fuse and
standard and Option OE9, use a slow-blow 1.6-amp fuse.

ADJUSTMENT AND CALIBRATION

Current Limit Adjustment

+6 V Supply. To adjust the current limit circuit in the +6 V

supply, proceed as follows:

a. Check the setting of the current limit by performing steps
(p) and (q) on page A-3. (Be sure to set the output voltage
to 6 volts.) If reducing the load resistance permits the cur-
rent to exceed 2.9 A, stop, turn RG6 slightly clockwise, and
repeat the test. If, instead, the current begins to fall before
it reaches 2.6 A, turn R6 slightly counter clockwise and
repeat the test.

b. Recheck the setting and readjust R6 until the test shows
that the current limit circuit begins to reduce the current
when a decreasing load resistance increases it to 2.75 A
+5%.

A-6

Meter Calibration

Panel Voltmeters. To calibrate voltmeter, proceed as follows:

a. Connect DVM across +20 V output terminal and COM ter-
minal of the supply.

b. Turn on the supply.

c. Set the output voltage below 18 V (ex, 15 V), and adjust
R11 on the display board until front panel VOLTS display
reads exactly DVM value. Next, set the output voltage
above 20 V (ex, 21 V) and adjust R17 on the display
board until front panel VOLTS display reads exactly DVM
value.

NOTE

No other voltage output needs to be calibrated after
calibrating the voltmeter of +20V output.

Panel Ammeter. To calibrate ammeter for +20 V output and -

20 V output, proceed as follows:

a. Connect Rg between +20 V output terminal and COM ter-
minal and connect DVM across Rg.

b. Push +20 V meter switch and turn +20 V VOLTAGE con-
trol fully clockwise.

c. Turn on the supply and adjust R5 on the display board
until front panel AMPS display reads exactly DVM value
divided by Rs.

d. To calibrate the ammeter for +6 V output, select +6 V
meter switch and turn +6 V VOLTAGE control fully clock-
wise.

e. Adjust R61 on the main board until front panel AMPS dis-
play reads exactly DVM value divided by Rs.
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