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WARRANTY

Notwithstanding any proVision of any agreement the following warranty is exclusive:

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects in material and
workmanship under normal use and service for the period of 1-year from date of purchase. This warranty extends only
to the original purchaser. This warranty shall not apply to fuses, disposable batteries (rechargeable type batteries are
warranted for 90-days), or any product or parts which have been subject to misuse, neglect, accident, or abnormal
conditions of operations.

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., Inc., will repair and calibrate an
instrument returned to an authorized Service Facility within 1 year of the original purchase; provided the warrantor's
examination discloses to its satisfaction that the product was defective. The warrantor may, at its option, replace the
product in lieu of repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or
replacement will be made without charge. If the failure has been caused by misuse, neglect, accident, or abnormal
conditions of operations, repairs will be billed at a nominal cost. In such case, an estimate will be submitted before
work is started, if requested.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS,
OR ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CO., INC., SHALL
NOT BE LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN
CONTRACT, TORT, OR OTHERWISE.

If any failure occurs, the following steps should be taken:

1. Notify the JOHN FLUKE MFG. CO., INC., or nearest Service facility, giving full details of the difficulty, and
include the model number, type number, and serial number. On receipt of this information, service data, or
shipping instructions will be forwarded to you.

2. On receipt of the shipping instructions, forward the instrument, transportation prepaid. Repairs will be
made at the Service Facility and the instrument returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG. CO., INC., instruments should be made via United Parcel Service or “Best Way”*
prepaid. The instrument should be shipped in the original packing carton; or if it is not available, use any suitable
container that is rigid and of adequate size. If a substitute container is used, the instrument should be wrapped in paper
and surrounded with at least four inches of excelsior or similar shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT TO OhlGINAL PURCHASER

The instrument should be thoroughly inspected immediately upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list. The manufacturer will not be responsible for shortages
against the packing sheet unless notified immediately. If the instrument is damaged in any way, a claim should be filed
with the carrier immediately. (To obtain a quotation to repair shipment damage, contact the nearest Fluke Technical
Center.) Final claim and negotiations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO., INC, will be happy to answer all applications or use questions, which will enhance your
use of this instrument. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O. BOX
C9090, EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Customers: Fluke (Holland) B.V.,P.O.Box
5053, 5004 EB, Tilburg, The Netherlands.

*For European customers, Air Freight prepaid.

John Fluke Mfg. Co., Inc., P.O. Box C9090, Everett, Washington 98206

Rev. 6/81
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Section 1

Introduction & Specifications

1-1. INTRODUCTION

1-2. The Model 332D DC Voltage Standard provides dc
voltages from 0 to 1111 volts with an accuracy of
+0.001%. Output current is rated at 0 to SO milliamperes.
The output voltage is set by seven in-line decade switches.
Separate terminals are provided for sensing the output volt-
age directly at the load, thereby eliminating errors due to
voltage drop in connecting wires between the instrument

and load.

1-3.  Protection against possible equipment failures or
operator errors, which might damage expensive instru-
ments, are incorporated. The VOLTAGE TRIP and VER-
NIER controls provide a means of limiting the output volt-

age within the selected range. Should the output voltage
exceed a preset limit, the OUTPUT terminals are de-ener-
gized. A current limiting circuit limits the available current
to a level determined by the setting of the CURRENT
LIMIT control.

1-44.  The inner chassis and circuitry are surrounded by
an isolation guard, which is also isolated from the front
panel and the outside cover. When properly connected, the
guard bypasses any circulating ground currents which may
cause error.

15. Most of the instrument circuitry is mounted on
modular plug-in cards. An extender card is provided as an
accessory to aid in the maintenance and adjustment of the
instrument.
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1-6. SPECIFICATIONS

OUTPUT VOLTAGE: 0to 1111.1110 VDC.

OUTPUT CURRENT: 0 to 50 milliamperes at any output
voltage.

VOLTAGE RANGES: 10, 100, and 1000V ranges with
outputs as follows:
0to 11.111110 (1 uv steps)
0to111.11110 (10 uv steps)
0to 1111.1110 (100 uv steps)

RESOLUTION: 0.1 ppm of range (1 uv maximum).

ACCURACY OF OUTPUT: (For 60 Days)
10V range - £(0.001% of setting + 10 uV)
100V range - £(0.001% of setting + 0.00002% of
range)
1000V range - +(0.0015% of setting + 0.00002% of

range)

NOTE: The above accuracies are absolute, relative to NBS

standards, and include effects of stability, line regulation,

load regulation, and calibration uncertainties under stan-

dard reference conditions of 23°C +1°C and up to 70%

relative humidity.

STABILITY OF OUTPUT: (At standard reference con-
ditions described under ACCURACY OF OUTPUT).

10V Range

+(5 ppm of setting + 7 uV) per month
100V and 1000V Range

+(5 ppm of setting + 30 uV) per month

OVERCURRENT PROTECTION: Automatically limits
output current at any preset level between 1 ma and 60 ma
via continuously variable front panel control. Panel lamp
illuminates during limiting. Normal operation restored upon
removal of overload.

OVERVOLTAGE PROTECTION: Automatically disables
output voltage if level exceeds setting of front panel control.
Continuously variable from 10% to 110% of each range.
Manual reset.

DESIGN: All solid-state throughout (no vacuum tubes).

RIPPLE AND NOISE (to 30 kHz):
10V range - less than 20 uv RMS
100V range - less than 30 uv RMS
1000V range - less than 40 uv RMS

OUTPUT RESISTANCE: Less than 0.0005 ohms or
(0.0001E,) ohms (whichever is greater) at DC.

SETTLING TIME: Typically, within 10 ppm of final out-
put, less than 20 seconds after a range change.

1-2

LINE REGULATION: 0.0002% of setting or 10 uv for a
10% line voltage change from nominal.

LOAD REGULATION: 0.0002% of setting or 10 uv for a
full load change.

COMMON MODE REJECTION: Better than 140 db from
DC to 400 Hz, up to 700V RMS or 1000 VDC. (Output
voltage changes less than 10-7 of the applied common mode
voltage.)

ISOLATION: Either output terminal may be floated up to
1000 VDC from chassis ground.

TERMINAL CONFIGURATION:
Voltage output - 2 terminals
Remote sense - 2 terminals
Guard - 1 terminal
Chassis - 1 terminal

REMOTE SENSE: Separate terminals are provided for
sensing the output voltage directly at the load, reducing
errors due to voltage drop in connecting wires between the
instrument and load.

METER (switch selectable): 0 - 1200 VDC
0-60ma

OPERATING TEMPERATURE RANGE: 09C to 500C
(see ACCURACY OF OUTPUT and TEMPERATURE CO-
EFFICIENT OF OUTPUT).

STORAGE TEMPERATURE RANGE: —400C to +650C.
RELATIVE HUMIDITY: 0 to 70%.

SHOCK: Meets all test requirements of MIL-T-945A,
rigidly mounted or rack-mounted with slides.

VIBRATION: Meets all test requirements of MIL-T-945A,
rigidly mounted or rack-mounted with slides.

ALTITUDE: 10,000 ft. operating; 50,000 ft. non-operating.
FUSES: One power line fuse, one high voltage fuse.

INPUT POWER: 115/230 VAC +£10%, 50 - 60 Hz, single
phase. Approximately 130 VA fully loaded.

SIZE: 7" high x 19” wide x 18” behind panel.
WEIGHT: 60 lbs.

MOUNTING: Standard EIA relay rack (tapped for at-
tachment of slides); resilient feet provided for bench use.

3/756



static awareness

A Message From
John Fluke Mfg. Co., Inc.

\ l / Some semiconductors and custom IC's can be

damaged by electrostatic discharge during
handling. This notice explains how you can

o minimize the chances of destroying such devices
o D by: . _
o I 1. Knowing that there is a problem.

2. Learning the guidelines for handling them.
3. Using the procedures, and packaging and
bench techniques that are recommended.

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

(

p

I

HIt,
—~

3. DISCHARGE PERSONAL STATIC
BEFORE HANDLING DEVICES

1. MINIMIZE HANDLING

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY

Page 1 of 2
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5. USE ANTI-STATIC CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

P

.

7. AVOID PLASTIC, VINYL AND STYROFOAM®
IN WORK AREA

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV.

® Dow Chemical

Page 2 of 2

8. WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR USUALLY
PROVIDES COMPLETE PROTECTION TO
INSTALLED SS DEVICES.

\- /

9. HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

11. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

Anti-static bags, for storing S.S. devices or pcbs
with these devices on them, can be ordered from the
John Fluke Mfg. Co., Inc.. See section 5in any Fluke
technical manual for ordering instructions. Use the
following part numbers when ordering these special
bags.

John Fluke Part No. Description
453522 6" X 8" Bag
453530 8" X 12" Bag
453548 16" X 24'' Bag
454025 12" X 15" Bag
Pink Poly Sheet Wrist Strap
30""x60"'x60 Mil P/N TL6-60
P/N RC-AS-1200 $7.00

$20.00

J0089B-07U7810/SE EN  Litho in U.S.A.
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Section 2

Operating Instructions

2-1. INTRODUCTION

2-2. This section of the manual contains information

essential to the correct operation and performance of the
Model 332D DC Voltage Standard. It is recommended

that the contents of this section be thoroughly read and
understood before attempting to operate the instrument.
Should any difficulties be encountered during the operation
of your instrument, please feel free to contact the nearest
John Fluke Sales Representative or the John Fluke Mfg.
Co., Inc., Box 43210, Mountlake Terrace, Washington,
98043. A complete list of Sales Representatives is located
in Section 7 of this manual.

2-3. CLAIM FOR DAMAGE IN SHIPMENT

2-4. The Instrument should be thoroughly inspected
immediately upon receipt. All material in the container
should be checked against the enclosed packing list. The
manufacturer will not be responsible for shortages against
the packing sheet unless notified immediately. If the
instrument fails to operate properly, or is damaged in any
way, a claim should be filed with the carrier. A full
report of the damage should be obtained by the claim
agent, and this report should be forwarded to the John
Fluke representative. Upon receipt of this report you
will be advised of the disposition of the equipment for
repair or replacement. Include the model number, type
number, and serial number when referring to this instru-
ment for any reason.

3/75

2-5. SHIPPING INSTRUCTIONS

2-6. All John Fluke Mfg. Co., Inc. instruments should
be shipped prepaid in the original packing carton. Upon
request, a new carton can be obtained from the John Fluke
Mfg. Co., Inc. Please include the instrument model number
when requesting a new container.

2-7. INPUT POWER

2-8. The power transformer has dual primary windings.
Normally, these primary windings are connected in parallel
for 115 volt operation. Upon request, the primary wind-
ings are connected in series at the factory for 230 volt oper-
ation. Should it become desirable to convert the instru-
ment from one type of power line operation to the other,
refer to paragraph 4-18 in Section 4.

29. RACK MOUNTING PROCEDURES

2-10.  The Model 332D is supplied with rubber nonskid
feet. A rack-slide kit (FLUKE MEE-8088) is available for
installation of the instrument in a standard 19-inch rack. In
order to rack mount the instrument refer to figure 2-1 and
perform the following steps:

a. Attach the chassis section (A) to the side panels
with the screws (B) provided in the kit.

b. Install the cabinet sections (D) and center sections
(C) into equipment rack. The extension angle

2-1



Figure 2-1. CHASSIS SLIDE INSTALLATION

332D
brackets, which are part of section (D), are mount-
ed at the rear of the cabinet.

c. Slide the center sections (C) toward the front of
the cabinet until they lock in place.

d. Depress the spriag locks on the chassis sections (A)
and insert the instrument between the extended
center sections (C) on the cabinet.

e. Slide the instrument completely into the equipment

rack and secure it in place with fasteners through
the front panel.

2-11. CONTROLS, TERMINALS AND
INDICATORS

2-12.  The name and function of the front and rear panel
controls, terminals, and indicators are illustrated and de-
scribed in Figure 2-2. The numbers at the tails of the arrow

callouts correspond to the reference numbers in the chart.

2-13. INITIAL OPERATION

2-14. General

2-15. Before operating the instrument, some prelim-

2-2

inary settings and connections should be considered.
The use of these settings and connections depends upon
the degree of equipment safety and accuracy required.
The following paragraphs discuss the merits and procedures
for each of the settings and connections.

2-16. Voltage Trip Setting

2-17. The VOLTAGE TRIP switch and VERNIER con-
trol provide protection to external equipment by limiting
the maximum allowable output voltage to the external
load. The range of voltage limiting is selected with the
VOLTAGE TRIP switch. Refinement of the value of the
voltage to be limited is accomplished with the VERNIER
control. If no degree of limiting is required within the
ranges of the instrument, set the VOLTAGE TRIP switch
to 1000 and the VERNIER fully clockwise. Should some
degree of limiting be desirable, proceed as follows:

a.  Without any load connected to the QUTPUT termi-
nals and the POWER switch in the STDBY/RESET
position, set the front-panel controls as follows:

RANGE
VOLTAGE TRIP

As desired

To the lowest range that
overlaps the desired trip
voltage

| SR

|
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12 12 12 11

(
5 14 6 15 4 9 10 8 7

REF. NAME FUNCTION
NO.

1 POWER switch Applies line power to the auxiliary power supplies within the instru-
ment, when in the STDBY/RESET postion. The instrument is com-
pletely energized when the POWER switch is in the OPR position
and the red indicator lamp near the switch is illuminated.

2 METER Switch Selects meter indication of either output voltage or output current.

3 Meter Indicates either output voltage or output current depending on the
position of the METER switch. The meter voltage range depends on
the setting of the VOLTAGE RANGE switch. The current range is
0 to 60 milliamperes.

4 VOLTAGE RANGE

Switch

Selects the output voltage range of 10, 100, or 1000 volts, and changes
the meter to a corresponding range.

Figure 2-2. CONTROLS, TERMINALS, AND INDICATORS (Sheet 1 of 2)

2-3
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REF.
NO.

NAME

FUNCTION

VOLTAGE TRIP Switch
and VERNIER Control

The VOLTAGE TRIP switch provides a means of limiting the output
voltage in three ranges (10, 100, and 1000 volts) independent of the
VOLTAGE RANGE switch. The VERNIER control varies the amount
of limiting within the ranges of the VOLTAGE TRIP switch. When an
over-voltage condition exists, the red indicator lamp near the VOLTAGE
TRIP switch illuminates and the red lamp near the POWER switch is
extinguished.

CURRENT LIMIT control

Provides a means of setting a limit on the magnitude of the output
current within a range to 0 to 60 milliamperes. An over-current
condition is signified when the indicator lamp, near the CURRENT
LIMIT control, illuminates.

OUTPUT Terminals

Provides a convenient means of connecting the load to the output
circuit.

SENSE Terminals

Allows the regulating circuitry to be connected to the OUTPUT
terminals (7) or directly to the load for optimum regulation.

GUARD Terminal

When properly connected, provides a means of eliminating circulating
ground currents through the load.

10

Power line ground.

1

Readout Dials

Select and indicate the output voltage. The recessed numbers directly
above each dial provide in-line readout of the output voltage. When
adial is set to "X‘* (10), it represents 0 with a 1 carry-over to the

digit to the immediate left. For example: 10. X X X X X X represents
11.111110 volts.

12

Decimal Lamps

These lamps indicate the proper decimal point setting when illuminated
and are controlled by the RANGE switch.

13

Mechanical Zero adjust

Provides a means of setting the meter mechanical zero. Adjustment
should be made after the instrument has been completely de-energized
for at least 3 minutes.

14

Fuse, line

A 3 ampere slow-blow fuse for 115 volt power line operation. Use a
1% ampere slow-blow fuse for instruments converted to 230 volt
power line operation.

15

Fuse, high voltage

A % ampere slow-blow fuse electrically located at the output of the
high voltage rectifier circuit.

Figure 2-2. CONTROLS,

TERMINALS, AND INDICATORS (Sheet 2 of 2)
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VERNIER Fully cw
CURRENT LIMIT As desired

METER Voltage

Readout Dials Desired trip voltage

b. Set the POWER switch from the STDBY/RESET
position to OPR.

c. Slowly rotate the VERNIER control counter-clock-
wise until the indicator lamp near the VOLTAGE
TRIP switch illuminates and the red lamp near the
POWER switch is extinguished. The voltage trip is
now set to the value indicated onthe readout dials
and the instrument is tripped to the STDBY mode.

d. To reset the instrument, set the readout dials to a
value less than the trip voltage and place the POWER
switch in the STDBY/RESET position, then to OPR.

2-18. Current Limit Setting

2-19. The CURRENT LIMIT control provides a means
of limiting the amount of output current. If no limiting
within the current range of the instrument is desirable, set
the CURRENT LIMIT control to the fully clockwise
position (60). Should some degree of current limiting
be desirable, proceed as follows:

a. With the POWER switch in the STDBY/RESET
position, set the front panel controls as follows:

RANGE As desired
VOLTAGE TRIP and

VERNIER As desired
VOLTAGE CURRENT LIMIT Fully clockwise
METER Current
Readout Dials 1 volt

b.  Place a short across the OUTPUT terminals.

c.  Set the POWER switch to the OPR position.

d.  Adjust the CURRENT LIMIT control until the
current indicated on the meter is the value of the
desired limiting current.

e. Place the POWER switch in the STDBY/RESET

position. Remove the short. Current limiting is now
set to the desired value for any output voltage.

2-20. Sense Connections

2-21.  When a load is connected, there may be an appre-
ciable voltage drop between the instrument and the load,

332D

depending on the length and gauge of the connecting leads.
The nomograph of Figure 2-3 can be used to determine the
approximate voltage across the connecting wire leads.

2-22.  Using the nomograph of Figure 2-3, lay a straight
edge from the value of the output current, represented on
scale 1, to the gauge of the connecting wires used, repre-
sented on scale 2. The voltage across the connecting
wires, expressed in millivolts per foot, is obtained from
scale 3. To determine the total voltage across the con-
necting wires, multiply the total length in feet by the
value obtained from scale 3. For example, assume that
two AWG No. 28 wires, each 3 feet long, are used to
connect a load, requiring 50 milliamperes, to the Model
332B. With a straight edge, connect the known current
on scale 1 (50 ma) and the wire size on scale 2 (No. 28).
The resulting IR drop on scale 3 is approximately 3.2
millivolts per foot. Therefore, the connecting wires develop
a total voltage of 19.2 millivolts (2 x 3ft x 3.2 mv/ft=
19.2 mv), which is several times the published load regu-
lation at 1000 volts output. To compensate for this, the in-
strument is equipped with remote sensing, which maintains
regulation at the load. Consequently, the voltage across the
connecting wires will have no effect. Determine if the wire
leads used to connect the instrument to the load, will cause
a voltage drop in excess of the load regulation specifica-
tions. If this voltage drop is excessive, remote sensing
should be used. To prepare the instrument for remote sen-
sing, proceed as follows:

a.  With the POWER switch set to OFF, or to STDBY/
RESET, remove the front-panel shorting links be-
tween the SENSE and OUTPUT terminals.

b.  Using a twisted pair of insulated wires, connect the
+SENSE terminal to the positive side of the load, and
connect the -SENSE terminal to the negative side of
the load.

CAUTION

Ensure that the SENSE terminals are connected
to the load in the proper polarity. Incorrect
connections will result in loss of regulation and
possible damage to the instrument.

2-23. Guard Connection

2-24. When the instrument is connected to another
instrument (both instruments grounded through their re-

spective power cords), a potential difference may exist
between the power line grounds of the two instruments.
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This potential difference can cause circulating ground
currents, which could cause errors in the output voltage.
To prevent these errors from occurring, the instrument
is equipped with a guard. This guard, when properly
connected to the load, will provide a separate path for the
circulating ground currents, thus eliminating possible errors
in the output voltage. For proper connection, connect the
GUARD terminal directly to the grounded side of the
load, at the load. Figure 2-4 illustrates the correct GUARD
terminal connection and the re-routed circulating ground
current path.

2-25. OPERATION

2-26.  Operate the instrument in accordance with the
following procedure:

a.  Set the METER switch to VOLTAGE.
b.  Set the POWER switch in the STDBY/RESET po-

sition. Allow at least a 10 minute warm-up period, if
the instrument has just been energized.
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CHASSIS

WHERE: R1 & C1 = Leakage resistance & capacitance

from chassis to guard.

R2 & C2 = Leakage resistance & capacitance

from guard to instrument case.

E = Potential difference between power

(3
line ground points.

R = Output resistance of 332D

= Load resistance.

Figure 2-4. GUARD CONNECTION

Connect the SENSE terminals to the OUTPUT
terminals with the shorting links provided.

Set the CURRENT LIMIT control fully clockwise
(60) or to a predetermined value, using the procedure
of paragraph 2-20.

Set the RANGE switch to the desired output voltage
range (10, 100, or 1000).

Set the VOLTAGE TRIP and VERNIER controls
fully clockwise or to a predetermined value, using
the procedure of paragraph 2-18.

Set the readout dials to the value of the output
voltage desired.

h.

If desired, connect the GUARD terminal to the
grounded side of the load in accordance with para-
graph 2-25. The SENSE terminals may remain
connected to the OUTPUT terminals. Should re-
mote sensing be desired, connect the SENSE termi-
nals to the load in accordance with paragraph 2-22.

Connect the load to the OUTPUT terminals.
Set the POWER switch to the OPR position.

The output voltage provided to the load will be the
voltage indicated on the readout dials. Should it be
desirable to monitor the output current, place the
METER switch in the CURRENT position.
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Section 3

Theory of Operation

3-1.  INTRODUCTION

3-2. This section describes the theory of operation of
the Model 332D. In conjunction with the text, refer to
the functional schematic diagrams located in the rear of
the manual. Before attempting to trouble shoot the
unit in detail, one should be thoroughly familiar with cir-
cuit operation.

3-3. FUNCTIONAL DESCRIPTION

34. This voltage standard is a series regulated power
supply basically consisting of the voltage control circuitry,
preregulation circuitry, and protection circuitry. The volt-
age control circuits are the main regulation circuits and re-
spond to load, RANGE, and readout dial changes. Figure
3-1 illustrates a simplified schematic diagram of the voltage
contral circuitry. The error amplifier and series pass ele-
ment, illustrated in the shaded portion, together constitute
a dc operational amplifier. The tendency of the operational
amplifier is to maintain the summing point effectively at
+SENSE potential. In this condition the output voltage of
the voltage standard is equal to the ratio of the sample string
resistance (RREADOUT) to the range resistance (RRANGE)
times the reference (EREFERENCE), as illustrated in Fig-
ure 3-1. The constant reference voltage (EREFERENCE),
in combination with the appropriate series resistance
(RRANGE), provides a constant current to the sample
string. Due to the constant current, the output is propor-
tional to the resistance of the sample string (" READOUT).
Since the tendency of the operational amplifier is to main-
tain the summing point at +SENSE potential, the output
voltage is equal to the sample string voltage. Changing the
setting of the readout dials (sample string) causes the output

voltage to change correspondingly. Each change in the
RANGE switch setting causes the constant current to
change by a factor of 10, thus the output voltage changes
by the same factor. A detailed block diagram is illustrated
in the Functional Block Diagram (332B-1500), at the back
of the manual. In this diagram, the chopper amplifier,
differential amplifier, and series pass driver constitute the
error amplifier of Figure 3-1.

3-5. Series regulated power supplies have the inherent
disadvantage of low efficiency. When providing a low level
output, the series pass element of the supply must dissipate
the bulk of the power supplied by the high voltage trans-
former circuit. In this instrument, a unijunction oscillator
circuit monitors the voltage across the series pass element
and provides a voltage level information to a pre-regulation
circuit. The pre-regulation circuit utilizes this information
to provide full-wave control of the input line voltage to the
primary of the high voltage transformer. Thus, the power
supplied by the high voltage transformer is controlled to
provide only that amount necessary for the load require-
ments. This in turn increases the overall efficiency of the
instrument. This also accounts for symbolizing the unregu-
lated dc voltage, in Figure 3-1, as a variable dc voltage.

3-6. Circuitry, for protection of personnel as well as ex-
ternal equipment, is provided. The instrument contains an
interlock system to de-energize the high voltage circuits
within the instrument when the covers are removed. A
limit may be set for the output voltage and/or current.
Whenever the output voltage or current tries to exceed the
set limits, the instrument output is de-energized. Therefore,
sensitive external equipment can be protected from exces-
sive voltage and current.
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Figure 3-1. VOLTAGE CONTROL CIRCUITRY

3-7. CIRCUIT DESCRIPTIONS
3-8. Voltage Control Circuitry

39. REFERENCE SUPPLY. The master reference
voltage for the instrument is produced in the ASA1 Refer-
ence Supply (332B-1083). This assembly consists of
a +15V dc reference supply, an oven temperature regulator
for the reference supply, and divider networks for compen-
sation of offset voltages when the output is set to zero.

3-10.  The Reference supply is composed of differential
amplifier A2 and zener reference amplifier A3. The refer-
ence amplifier is enclosed in an oven which maintains a
constant temperature for environmental stability. Selection
of the values of R7A and R7B scales the output of the
Reference Supply to +15V dc. Variable resistor R9 allows
adjustment of the resulting V ggp output. Temperature
coefficient of the base/emitter voltage for A3 is accurately
matched to the zener element through selection of R13.
The resulting stable reference at the collector of A3 is
applied to the non-inverting input of A2. The other input
to A2 receives an equivalent voltage from the divider com-
posed of R14 and R15. Any change in V gRgF is sensed at
the base of A3 and the resulting amplified change applied
to the non-inverting input of A2. This change then alters
the conduction of A2 such that V ggF is maintained at
+15V dc.
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3-11.  Constant operating temperature for the reference
amplifier A3 is provided by the Oven Temperature Regula-
tor Q1 and Al. The series-pass regulator composed of Q1
and A1l establishes a constant voltage across the heater
element of A3. Any variation in heater voltage is sensed by
A1l and amplified. The resulting output of Al then alters
the conduction of Q1 to eliminate the voltage variation
across the heater element. The heater element consists of a
semiconductor material which has moderate conductivity
at temperatures below a specific stabilization point and a
marked decrease in conductivity as the temperature ap-
proaches the stabilization point. Application of a constant
voltage to the heater provides a fast warm-up and a much
more stable operating temperature.

3-12.  The divider network composed of R1 through R6
provide a bias voltage to one input of the ASA4 Chopper
Amplifier. Potentiometers R2, R4, and R6 are adjusted
to compensate for offsets in the 10V, 100V, and 1000V
ranges when the output is set to zero.

3-13.  RANGE RESISTORS. The A4 Range Cal (332B-
1052) provides three separate adjustable range resistors.
These resistors together with the A2 Sample String form a
resistive divider which determines the output voltage of the
instrument.

3/75
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3-14. SAMPLE STRING. The A2 Sample String (332B-
1051) together with the selected range resistor in the A4
Range Cal forms a resistive divider, the ratio of which is
controlled by the front panel decade dials. The output
voltage of the sample string is proportional to the refer-
ence voltage multiplied by the ratio of the sample string
resistance to the A4 range resistance.

3-15. CHOPPER AMPLIFIER. The A5A4 Chopper
Amplifier (332B-1058) compares low frequency and dc
control signals from the A2 Sample String output to the
+SENSE terminal voltage and amplifies any difference. The
circuitry consists of an input filter, a MOSFET chopper,
an operational amplifier, a synchronous demodulator, an
output filter, and a multivibrator.

3-16. Low frequency and dc control signals at terminal
6 are passed through the input filter C2, R1, C3 to reject
frequencies above 30 Hz. The MOSFET chopper Q1 modu-
lates the signal appearing at the junction of C4 and
output signal at Q2 is then amplified by the operational
amplifier IC1, which has a gain of approximately 420.
The paraphase amplifier Q3 amplifies the output of
IC1 and provides two equal amplitude, but 180° out-
of-phase signals. The collector signal of Q3 is coupled
by Cl16 to the shunt demodulator Q4. The result-
ing demodulated signal appearing at the junction of C17
and R24 is filtered by R24, R26 and C18, leaving only the
amplified dc and low frequency signals. The emitter
signal of Q3 is applied through C14, R21, C15, R25,R23,
and C22 to C18, where it is used to cancel any chopper
ripple at 270 Hz.

3-17.  The 270 Hz multivibrator is formed by Q6, Q7 and
associated timing networks, in addition to a driver Q5. Var-
iable resistor R43 adjusts the level of the signal applied to
the driver Q5, and subsequently the output signalapplied
to the gate of Q1. The collector signal of QS is applied to
Q1 across C5 to compensate for spikes coupled through
Q1. Variable resistor R34 provides adjustment of the com-
pensation signal. An output signal at the collector of Q7 is
applied to the base of Q4, which synchronously demodu-
lates the Chopper Amplifier output.

3-18. DIFFERENTIAL AMPLIFIER. Error signals in
the form of ac changes are applied to the ASA3 Differ-
ential Amplifier (332B-1057). These signals are coupled
through C1 to the gate of Field Effect Transistor (FET)
Q2. Error signals appearing as dc changes are applied to
the chopper amplifier at the base of Q6. Using a separate
path for ac changes allows rapid regulation of the output
voltage for rapid changes in load requirements. The
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Differential Amplifier P/C Assembly provides an output
that is proportional to the amplified dc error signal from
the Chopper Amplifier P/C Assembly.

3-19. Use of a Field Effect Transistor for Q2 provides
high input impedance and low noise. Transistor Q8 is'a
current source for one stage of the differential amplifier.
Use of the current source provides high gain and good
common mode rejection at the input of the amplifier.
The compound configuration of Q4-Q5 and Q6-Q7 pro-
vides high input impedance and minimizes temperature
effects. The output signal from the collector of Q9 is
applied to the base of the common collector amplifier Q11.
Transistor Q11 provides impedance matching between the
high output impedance of Q9 and the low input impedance
of the series pass driver circuit.

3-20. SERIES PASS. The A7Al Series Pass (332B-
1061) contains the series-pass transistors which control
the output voltage. It also contains a voltage con-
trolled oscillator (VCO) and control amplifiers which are
part of the preregulator, a power supply, and an auto-
matic “‘crowbar” driver.

3-21. The power supply composed essentially of CR1
through CR4 produces the required operating voltages for
the series pass circuitry. AC voltage at terminals 8 and 9 is
rectified by CR1 through CR4 to provide an unfiltered posi-
tive voltage. This voltage is isolated by CRS and filtered by
C2 to provide a +150V dc operating voltage for the series-
pass transistors. The voltage divider of R1 through R3 and
zener CR6 produces a clipped, full-wave rectified 16V syn-
chronizing signal for the VCO.

3-22.  Outputvoltage of the instrument is established and
maintained by the series-pass transistors, Q1 through Q8.
The transistors Q1 through Q7 are normally saturated and
Q8 is absorbing the total voltage required to maintain the
output of the instrument. However, when the output level
or load current is changed and the voltage across Q8 exceeds
150V, Q1 through Q7 absorb the additional voltage. The
preregulator circuitry then reduces the output of the A7
H.V. Mother Board until the voltage across Q8 is less than
150V. When this condition is reached, Q1 through Q7
again saturate and Q8 absorbs the total regulation voltage.

3-23.  The automatic “crowbar” consisting of Q10 moni-
tors the total voltage drop across the series-pass transistors.
Load or output changes that cause the voltage across the
series-pass to exceed 225V will cause Q10 to conduct. Its
conduction energizes K2 on the A7 H. V. Mother Board and
places a load across the high voltage rectifier, thus limiting
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the voltage across the series-pass transistors.

3-24.  Unijunction transistor Q9 and C3, L3, R37, CR18,
R35, and CR19 form a VCO which furnishes turn-off pulses
to the preregulator circuitry. This VCO is synchronized to
the ac line zero crossing through amplifiers Q11 and Q12.

3-25. A clipped 16V pulse is rectified by CR32 and CS
to provide operating voltage for the base of the VCO, Q9.
This voltage is clamped to zero during the ac line zero inter-
val by amplifiers Q11 and Q12. The divider composed of
R36 and R42 provides a sample of the clipped 16V pulse at
the base of Q12. When the pulse is at 0V, Q12 produces an
amplified positive pulse at its collector. This pulse is dif-
ferentiated by C4 and R41 and the resulting positive spike
momentarily turns on Q11. Conduction of Q11 clamps the
output of rectifier CR32, CS to zero, thus synchronizing
the output of Q9 to the ac line zero crossing. The output
pulses from Q9 are dependent upon the voltage charge on
C3. The voltage is sensed across Q8 through the divider
consisting of L3, R37, R35, CR18, and CR19. If this volt-
age increases. Q9 will produce a preregulator turn off pulse
earlier in the ac line cycle, thus reducing the ac power
available to the A7 H.V. Mother Board. Conversely, should
the voltage across Q8 decrease, the ac power to the A7
H.V. Mother Board is increased.

3-26. POWER SUPPLIES. Operating voltages for the
temperature regulating circuit, zener reference circuit,
chopper amplifier, and differential amplifier are provided by
the ASAS Auxiliary Power Supply P/C Assembly (332B-
1059). The auxiliary power supply consists of the 25 volt
supply and —15 volt supply circuits. The auxiliary supply
reference element is located in the 25 volt supply. The out-
put of the 25 volt supply is then used as the reference for
regulation of the —15 volt supply.

3-27. In the 25 volt supply, CR1 through CR4, C2, R4,
and C3 provide unregulated dc voltage to the regulation
circuitry consisting of Q2 through Q6. Transistors Q5 and
Q6 constitute a differential amplifier. The base of Q6 is
held at a constant voltage by zener diode CR6. The base of
Q5 is connected to a voltage divider, consisting of R8, R9,
and R10, referenced to the output of the supply. Vari-
ations in the +25 volt output of the supply are sensed at the
base of Q5. Any difference between the base voltages of Q5
and Q6 is amplified by the differential pair and applied from
the collector of Q5 to the base of series pass driver Q3. The
amplified error signal controls the conduction of Q3, which
in turn controls the series pass element Q4. Transistor Q2
is a constant current source to supply base drive to Q3.
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3-28.  In the —15 volt supply, CR7 through CR10, R14,
and C8 provide the unregulated dc voltage to the regulating
circuit consisting of series pass element Q7 and differential
pair Q8 and Q9. The base of Q9 is connected to a voltage
divider referenced to the +25 volt supply output. The base
of Q8 is connected to the positive side of the -15 volt
supply. Variations in the output voltage are sensed at the
base of Q9. Any difference between the base voltages of
Q8 and Q9 is amplified by the differential pair and applied
from the collector of Q8 to the base of series pass element
Q7. The amplified error signal controls the conduction of
Q7 and consequently the magnitude of the output voltage.
The positive side of the -15 volt supply is connected to the
negative side of the +25 volt supply through pins 11 and
12. The + sense line is connected to thisjunction and is the
common for the auxiliary power supply.

3-29.  The +35 volt operating voltages for the series pass
driver circuitry on the A5A2 Series Pass Driver P/C is pro-
vided by a power supply located on the A5A6 Current
Limiter P/C Assembly (332B-1060). In the diode bridge

configuration of CR1 through CR4, diodes CR1 and CR2,
R1 and C1 provide a positive unregulated dc voltage.
Diodes CR3 and CR4, R4, and C4 provide negative un-
regulated dc voltage. The positive unregulated dc voltage is
applied to the regulating circuit of Q1 and CRS and through
a voltage divider to the RANGE switch, for application to
the appropriate decimal lamp. The 36 volt reference volt-
age, established by CRS, provides the input signal for the
emitter follower configuration of Q1. This emitter follower
configuration provides the necessary low output impedance
and power gain of the power supply. The —35 volt supply
functions in the same manner as the +35 volt supply.

3-30. Pre-Regulation Circuitry

3-31. OSCILLATOR. A unijunction oscillator, consist-
ing of Q9 and associated circuitry, is located on the A7A1
Series Pass Element P/C Assembly (332B-1060). Ap-
plied to base two of Q9 is a 6.8v clipped, full-wave rectified,
60 Hz sine wave. The potential at the emitter of Q9
depends upon the charge of C4 and C5. The charge of
C5 depends upon the voltage across the main series pass
element, Q8. At the trailing edge of each pulse at the base
two of Q9, the oscillator provides a series of positive
pulses until the leading edge of the next +6.8 volt pulse
occurs. With an increased charge across C4 and CS5, the
initial output pulse of the oscillator will occur earlier in
each half cycle. The initial pulse from the oscillator
during each half cycle will switch the preregulator off to
control the amount of line power supplied to the high
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voltage transformer. If the series pass element voltage of
Q8 increases, the pre-regulator is switched off earlier in
each half cycle. This in turn reduces the series pass
element voltage of Q8 to its equilibrium value.

3-32. The +6.8 volt operating voltage for the oscillator
circuit is taken from the +150 volt supply for the series
pass element. A portion of the +150 volt supply is applied
to the voltage divider consisting of R1 through R3. The
divided-down voltage is regulated by zener diode CR6 to
approximately +6.8 volts.

3-33.  PREREGULATOR. The A7A2 Preregulator (332B-
1082) controls the ac power supplied to the instrument
by passing only enough power to the A7 H. V. Mother
Board to meet the output load requirement. It consists
of a +V supply, a relay power supply, preregulator control
drivers, a preregulator bridge, and a current limiter.

3-34. 1V and +10V dc operating voltages are produced
for the A7A2 Preregulator by the rectifier CR1 through
CR4 and associated components. A 10V ac input is applied
to CR1 through CR4. The dc output at the junction of
CR2 and CR4 is filtered by C3 to provide a —V operating
voltage. The dc voltage at the junction of CR3 and CR1 is
heavily loaded by R1 to provide an unfiltered +V operating
voltage. This voltage is also isolated through CRS and
filtered by C4 to provide a +10V dc operating voltage.

3-35.  Operating voltage for relay K1, which supplies ac
voltage to the preregulator bridge, is produced by bridge
rectifier CR6 through CR9 and K2. AC return for the
bridge rectifier is provided through the contacts of K2.
This relay is energized only in the OPR mode by a control
voltage from the ASA?2 Series Pass Driver. The A5A2 Series
Pass Driver automatically removes the control voltage from
K2 should a VOLTAGE TRIP occur, thus removing ac
power to the preregulator bridge and establishing a STDBY
condition.

3-36.  The circuitry consisting of Q2 through Q9 controls
the conduction of the preregulator bridge attenuator, Q1.
Input pulses from the VCO in the A7A1 Series Pass are
supplied to the base of Q7 via terminal 14. The first
pulse turns on Q7 and Q6, which through regenerative
action, saturate. This condition turns off Q5 and causes
Q4 and Q8 to also turn off. Q9 is subsequently turned on
by the —V collector voltage of Q8 and provides a negative
voltage at the base of Q2. This condition turns off Q2 and
also Q1, thus causing the preregulator bridge of CR10
through CR13 and Q1 to provide maximum attenuation to
the ac voltage applied to the A7 H.V. Motherboard. When
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the ac line passes through zero, the OV, +V condition at the
emitter of Q6 causes it to turn off and also turns off Q7.
This condition reverses the previously described state of
each transistor and the preregulator bridge again passes the
ac line voltage to the A7 H.V. Motherboard.

3-37.  ACline voltage applied to T2 and subsequently the
A7 H.V. Motherboard is controlled through the pre-
regulator bridge consisting of CR10 through CR13 and Q1.
The previously described circuitry of Q2 through A9 con-
trols conduction of Q1. Diodes CR10 through CR13 pro-
vide a unidirectional current through Q1. Positive alter-
ations are passed by CR10 and CR13. CR12 and CR11
pass negative alternations. Should Q1 be cut off, C6 and
R5 provide a dynamic load for the bridge. Overload
current protection for Q1 is provided through divider R2,
R8, and R9 and Q3. Should the current through Q1 exceed
17 amperes, the voltage at the base of Q3 turns it on and
causes Q6 to saturate. This condition causes Q1 to be cut
off, thus limiting the current through the preregulator
bridge.

3-38. Protection Circuitry

3-39.  Trip. The purpose of the trip circuit is to remove
ac power from the primary of the high voltage transformer
and to open the negative output path, if an overvoltage or
catastrophic overcurrent condition exists. The trip cir-
cuitry is located on the ASA2 Series Pass Driver P/C
Assembly (335A-1056). Transistor Q3 is a constant
current source for relays A7K1 and A7A2K2. With
A7A2K2 (on the Pre-Regulator P/C Assembly) closed,
current is provided to A7A2K1 which completes the pri-
mary circuit for the high voltage transformer. With relay
A7K1 (on the High Voltage Motherboard P/C Assembly)
closed, the negative output path is completed and power
may be supplied to the load. The current sensing resistor,
R22, is effectively connected through R24 to the base of
normally off Q4. In the event of a catastrophic failure, in
which the current limiting circuitry would not function, an
excessive current approaching 120 milliamperes would
develop sufficient voltage across R22 to turn on Q4. Be-
cause of the regenerative configuration, transistors Q4 and
Q2 would become saturated. With Q2 saturated, the poten-
tial at pin 10 becomes nearly the same as the positive buss
potential. This bypasses the current away from the relays,
which causes them to open. With the relays open, the
OUTPUT terminals are de-energized, the input power to the
high voltage transformer is interrupted, and the OPR
indicator lamp goes out. To reset the instrument, the
POWER switch is placed in the STDBY/RESET position;
then to the OPR position after the cause of the overload
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has been corrected. With the POWER switch in the STDBY/
RESET position, the circuit common is connected through
a section of the POWER switch and pin 10 to the emitter of
Q2. This results in turning off both Q2 and Q4, and thus
returning them to their original state.

340. The overvoltage trip element is Q1. The base of
Q1 is connected to R15 and the appropriate resistor se-
lected by the VOLTAGE TRIP switch. The voltage trip
point is selected by the VERNIER control (R5), which sets
a reference bias on Q1 (maintaining Q1 cut off). As the
output voltage increases, the voltage at the base of QI
increases negatively until it exceeds the selected trip
voltage and causes Q1 to conduct. The conduction of Q1
saturates Q2 and results in de-energizing the instrument
output terminals, as previously described.

341. CURRENT LIMIT. The current limit circuitry,
located on the ASA6 Current Limiter P/C Assembly (332B-
1060), provides a means of varying the limiting point of
the output current. Current sensing resistor R22 on the
ASA?2 Series Pass Driver P/C Assembly provides a voltage
to the current limiter circuit that is proportional to the out-
put current. This voltage is applied through pin 10 and
CR12 to the base of Q5. The emitter of Q5 is connected
to the wiper of the CURRENT LIMIT control (R6), which
provides a variable bias for the base-emitter junction.
Transistor Q5 is normally off; however, when the output
current exceeds the set limit, Q5 turns on. Conduction of
A5 causes both Q4 and Q3 to conduct. Conduction of Q3
causes Q1, on the Differential Amplifier P/C Assembly, to
conduct and bypass some of the sample string current.
This causes the output voltage to be reduced and conse-
quently the output current is reduced. The conduction of
Q3 also turns on the regenerative pair, Q6 and Q7, which
supply current to the red indicator lamp.

342. INTERLOCKS. The Model 332D is equipped with
an interlock circuit for personnel safety (332B-1000). When
either the top or bottom inner covers or printed circuit
assemblies A7A2, A7, ATA1, ASA1, ASA3, A5A4, ASAS,
or ASA6 are removed, the ground return for the A7K1 and
ATA2K?2 relays is opened. This results in removal of the
input power to the high voltage transformer (T2) and opens
the negative output side of the instrument.

343. TIME DELAY. The purpose of the time delay
circuit, located on the A6 Time Delay P/C Assembly
(332B-1020), is to provide a short interval for the auxiliary
voltages to rise to nominal value. This ensures that the
control amplifiers are operating before the high voltage is
available. The time delay circuit momentarily holds open
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relays A7K1 and A7A2K2, which prevent the closure of
A7A2K1. The time delay is approximately 3 seconds.
Diodes 2001 and 2002 provide a full-wave rectified voltage
from a secondary winding of the power transformer between
pins 20 and 22. When the POWER switch is in the STDBY/
RESET position, a small current flows through R2001,
Slc, K2001, R2004, and C2001. This current, although
too small to actuate K2001, charges C2001. Capacitor
C2001 charges until it reaches the firing point of Q2001,
approximately 2 to 3 seconds. At this point Q2001
conducts, increasing the current through K2001. The relay
actuates and closes contact K2001A (which provides the
current path when the POWER switch is in the OPR posi-
tion) and opens contact K2001B. When K2001B opens,
the grounding circuit is removed from the constant current
source supplying A7K1 and A7A2K2, and these relays are
allowed to actuate.

3-44. Miscellaneous Circuitry

345. OUTPUT CIRCUIT CURRENT SOURCE. In ad-
dition to the main high voltage bridge rectifier, CRI
through CR10 on the A7 High Voltage Mother Board P/C
Assembly Schematic (332B-1056), there is another high
voltage bridge (CR13 through CR20). This bridge-rectifier
is in series with R27 and R28 and forms a quasi-constant
current source. This current flows through the series pass
transistors and acts as a minimum load to insure that their
transconductance is held above a minimum value. Another
purpose of the quasi-constant current source is to provide a
quick discharge path for the output capacitor C1, when
down ranging. This helps to reduce the setting time.

346. CAPACITOR SWITCH. The capacitor switch cir-
cuitry is located on the A3 Capacitor Switch P/C Assembly
Schematic (332B-1092). When down ranging from 1000
volts, capacitor C4 (on the chassis) will tend to charge to a
voltage level proportional to the difference between the
charge on C5 and the parallel combination of the output
capacitors C1 and C2. If this difference is too great, C4 will
receive a charge of sufficient magnitude to cause a die-
lectric absorption problem, thus excessive settling time will
result. (Dielectric absorption is the tendency of the die-
lectric material of the capacitor to absorb and retain a
small charge). To prevent this occurrence, C5 is discharged
through R7 (on A3) when the RANGE switch is down
ranged from 1000 volts to 10 or 100 volts, In doing so the
decay rate of C5 and the parallel combination of C1 and C2
will be equal, thus C4 does not receive an over charge.
After CS has discharged sufficiently (several seconds), the
K1A contacts (on A3) close and parallel the low resistance
of R6 with R7. This essentially shorts C5 and returns the
loop gain to the required amount. The capacitor switch
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circuitry is responsible for allowing a time delay before
closing the K1A contacts. When down ranging from 1000
volts, C1 is charged by the +35 volt supply through R2
and R1. After several seconds, C1 accumulates a sufficient
charge to cause Q1 to conduct. Conduction of Q1 energizes
relay K1 which closes the K1A contacts.

347. CROWBAR CIRCUIT. If the output voltage were
suddenly turned to zero with a load connected to the
instrument, the voltage across the filter capacitors C1, C2,
and C3 (located on the A7 High Voltage Mother Board P/C)
would appear across the series pass transistors. This
voltage could damage the series pass transistors. To
protect the series pass transistors from this kind of
damage, a “crowbar” circuit is utilized. (The term
“crowbar” is derived from the use of such a device to
discharge large capacitor banks in transmitter power sup-

plies). The “crowbar” circuit consists of transistor Q10
and associated circuitry on the A7Al Series Pass Element

332D

P/C. It also includes relay K2 on the A7 High Voltage
Mother Board P/C. When the voltage across the series pass
element reaches approximately 225 volts, transistor A10
conducts. Since relay K2 is in the collector circuit of Q10,
the relay is energized and closes the contacts. With the
K2A contacts closed, a discharge path through R15 is pro-
vided for the filter capacitors.

348. METER CIRCUIT. The front panel meter indi-
cates the output voltage or output current, depending on
the position of the METER switch. When the METER
switch is in the VOLTAGE position, resistors R3 through
R6, on the Series Pass Driver P/C Assembly, and the resistors
selected by the RANGE switch S2f provide the meter with
a current which is proportional to the output voltage.
When the METER switch is in the CURRENT position, re-
sistors R1 and R2, on the Series Pass Driver P/C Assembly,
provide the meter with a current which is proportional to
the output current.
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Section 4

~Maintenance

4-1. INTRODUCTION

4-2. Maintenance and calibration of the Model 332D is
covered in this section. Paragraph 4-6, GENERAL MAINT-
TENANCE, covers unique and miscellaneous maintenance
procedures. A series of checks to determine if the instru-
ment operates properly plus information to aid in localizing
problem areas, should any of these checks fail, is covered
under paragraph 4-20, PERFORMANCE TESTS. Paragraph
4-36, PERFORMANCE TESTS. Paragraph 4-36, CALI-
BRATION, contains procedures for alignment of circuits
and final accuracy adjustments.

4-3. SERVICE INFORMATION

44. Each instrument manufactured by the John Fluke
Manufacturing Company is warranted for a period of one
year upon delivery to the original purchaser. Complete
warranty information is contained in the Warranty page
located at the front of this manual.

4-5. Factory authorized calibration and repair service
for all Fluke instruments are available at various world wide
locations. A complete list of factory authorized service
centers is located in Section 7 of this manual. If requested,
an estimate will be provided to the customer before any
repair work is begun on instruments beyond the warranty
period.
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4-6. GENERAL MAINTENANCE
4-7. Maintenance Access

WARNING

The inner chassis is at +OUTPUT potential!
Hazardous voltages exist between inner chassis
and front panel.

4-8. The chassis may be easily removed from the outer
case by unfastening the two Dzus fasteners, located at the
rear of the case. To obtain access to the circuitry within the
chassis, the top and/or bottom inner covers must be remov-

ed. Removal of the top and/or bottom covers opens one or
both of the interlock switches. To have the instrument fully
operable, with the top and/or bottom covers off, the inter-
locks must be “cheated”.

4.9, Located on the left side of the instrument, behind
bulkhead, is an extender card A8. This board is used as an
extender for the plug-in circuit board assemblies to provide
access to adjustments and test points.

CAUTION!

Remove all power from the instrument before
removing or inserting plug-in circuit boards.

Remove the plug-in circuit board assembly to be investi-
gated, insert the extender card in its place, and plug the cir-
cuit board assembly in the extender card.

4-1
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4-10. Unique Maintenance Procedures

4-11. CLEANING OF BOARDS. Certain circuit board
assemblies are ultrasonically cleaned at the factory to pre-

vent the possibility of electrical leakage caused by contami-
nation . from handling during assembly. These circuit
board assemblies include the Sample String P/C Assembly
(A2), and Capacitor P/C Assembly (A1). When com-
ponents are replaced on these assemblies that require
soldering, the land pattern side of the board should be
cleaned as described in paragraph 4-12. Should contami-
nation be suspected on the component side of the circuit
board, use Freon TF Degreaser (Miller-Stephenson Chemi-
cal Co.).

4-12. CIRCUIT BOARD SEALANT. The land pattern
side of all printed circuit boards have been coated with
epocast (a polyurethane resin) to inhibit fungus growth
and moisture absorption. When soldering to a printed cir-
cuit land, the heat from the soldering iron decomposes the
epocast resin, leaving a charred residue. Upon completion
of soldering, the residue should be removed with a solvent
such as toluol.

4-13.  After removal of the epocast residue, the affected
area should be recoated with a sealant. A spray can of Cir-
cuit Coat (Furane Plastic Inc., 4516 Brazil Street, Los
California or 16 Spielman Road, Fairfield, New Jersey)
may be used for recoating.

4-14. Fuse Replacement

4-15. The fuses are contained in bayonet type fuse
holders located at the rear of the instrument. Listed be-
low are the correct values for the fuses:

REF. FUNCTION TYPE
DESIG
F1 High Voltage 1A, slow blow
F2 Line 3A, slow blow,
115V conn.
1%2A, slow blow,
230V conn.

Under no circumstances should replacement fuses with
higher current ratings be installed in the instrument.

4-16. Lamp Replacement

4-17. The indicator lamps are located immediately be-
hind the front panel. The instrument must be partially re-
moved from the case to gain access to the lamps. The
decimal-lamps are easily accessible and removable from the
instrument without the need of any special tools.

4-2

4-18. 115/230V Conversion

4-19. Depending upon the connection of the power
transformers primary windings, the instrument may be
operated from either a 115 or 230 volt ac power line. To
convert the instrument from one type of power line oper-
ation to the other, use the following procedure:

a.  Disconnect the line cord from the power line.

b. Remove the instrument from the case and place up-
side down on a suitable work space.

c.  Orient the instrument and perform the appropriate
electrical connections as illustrated in Figure 4-1.

d.  Use the proper fuse corresponding to the selected
conversion, as discussed in paragraph 4-14.

4-20. PERFORMANCE TESTS

4-21. Introduction

4-22. The following tests are intended for checking
performance of the instrument. These tests may be used
for incoming inspection, periodic inspections and precali-
bration checks. It is recommended that these tests be per-
formance prior to calibration.

4-23.  Each performance test includes an introductory
paragraph which states the purpose of the test and describes
the circuitry involved. An understanding of the purpose of
each test and the circuitry involved should aid a tech-
nician in analyzing a malfunction.

4-24.  During the following tests, it will not be necessary
to remove the instrument from the case. All external equip-
ment will be connected to the terminals provided on the
instrument. Table 4-1 lists the equipment needed for
testing and calibrating.

4-25. The load, line and ripple checks do not rely on any
calibration adjustments; any major or minor indication
should be investigated by troubleshooting. The remaining
voltage standard checks do rely on proper calibration
adjustments. Should minor out of tolerance indications be
observed during these checks, calibration will more than
likely correct these problems. However, should the cali-
bration adjustments be ineffectual or at their extreme
limits, you will have to investigate the cause of the problem,

3/75
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FRONT

REAR

a. 115 VAC CONFIGURATION

FRONT
t 0000000
26 25 24 23 22 21 20
0000000
13 14 15 16 17 18 19
BOTTOM VIEW
Q00 0O0C
12 11 10 9 8 7
0dd 000
v 1 2 3 4 5 6
REAR

b. 230 VAC CONFIGURATION

Figure 4-1. 115/230 VAC CONVERSION

EQUIPMENT REQUIRED

SPECIFICATIONS REQUIRED

Volt/Ohmmeter -
RCA VoltOhmyst or equivalent

DC Accuracy of + 3% and input impedance of 10 M

Metered Autotransformer - General
Radio Variac WSMT3A or equivalent

Output of 0 to 130 vac at 3 amperes.

DC Differential Voltmeter - Fluke
Model 895A or equivalent (quantity
of 2 required)

DC Accuracy of +£0.0025% with 100 uv null detector

RMS Voltmeter - Fluke Model 931B or
equivalent

Accuracy of +(0.05% of input +0.005% of range)
from 30 Hz to 50 kHz.

Preamplifier

Gain of 1000 and bandpass of 20 Hz to 30 kHz

Oscilloscope - Tektronix Type 541 or
equivalent
Preamplifier - Tektronix Type D

General purpose

1 mv / cm sensitivity

General Purpose Power Supply

Provide 5.5 volts

DC Milliammeter

0 to 100 milliamperes +£5%

Load Resistor Box - Clarostat 240 -C

Resistance range of 20 to 20,00052 at +5%.
Capable of handling up to 80 watts

Resistor, Composition

100k 2 £5%, Yaw

Table 4-1. TEST AND CALIBRATION EQUIPMENT REQUIRED (Sheet 1 of 2)

43
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EQUIPMENT REQUIRED

SPECIFICATIONS REQUIRED

Lead Set

Low-ieakage, low-thermal emf

Standard Cell Enciosure- Guildline
Model 9152

Accuracy of £0.0003%

DC Voltage Calibration System - Fluke
Model 71018 consisting of the following
equipment, or an equivalent system:
Voltage Standard, Model 332D

Nuil Detector, Model 845AR

Voltage Divider, Model 760A
Kelvin-Variey Voltage Divider, Model 720A

Capable of measuring 0.1 to 1100 vdc with
5 ppm accuracy

Table 4-1. TEST AND CALIBRATION EQUIPMENT REQUIRED (Sheet 2 of 2)

4-26. In the event that a malfunction is discovered,
complete as many of the performance tests as possible.
Record which tests the instrument does not successfully
pass and any abnormal indications. This will help in ana-
lyzing the problem and lead to more efficient trouble-
shooting.

4-27. DC Output

4-28. LINE REGULATION. The line regulation test de-
termines whether the output voltage will remain constant,
within specified limits, for a low to high line input power
change.

a. Connect the line cord through an autotransformer
connected to an ac power line. Set the autotransfor-

mer to 115 volts ac.

b.  Set the front panel controls as follows:

POWER STDBY/RESET
METER CURRENT
RANGE 10
READOUT All Zero
VOLTAGE TRIP 1000
VERNIER Clockwise
CURRENT LIMIT Clockwise (60)
c. Connect the Model 895A to the SENSE terminals

and set to plus polarity. Connect the 240-C Load
Resistor Box to the OUTPUT terminals of the
Model 332D.

d. Set the RANGE switch, readout dials, and load
box to the values indicated in the first group of
settings in Table 4-2. Set the POWER switch to
the OPR position. Note the voltage indicated on
the Model 895A. Set the autotransformer to low
line (103V). The output voltage change, in-
dicated on the Model 895A, should not exceed
the specification listed in Table 4-2. Adjust

the autotransformer setting to nominal line (115V).
Note the voltage indication on the Model 895A.
Set the autotransformer to high line (127V).
The voltage change, indicated on the Model 895A,
should not exceed the 20 microvolt specification.
Repeat this procedure for each group of settings in
Table 4-2.

4-29. LOAD REGULATION. The load regulation test
determines if the output voltage will remain constant, with-
in specified limits, when the output is subjected to a no-
load to full-load condition.

a. Connect the line cord to an autotransformer connect-

ed to an ac power line. Set the autotransformer to
115 volts ac.

b.  Set the front panel controls as follows:

POWER STDBY/RESET
METER CURRENT
RANGE 10

Readout All Zero
VOLTAGE TRIP 1000
VERNIER Clockwise
CURRENT LIMIT Clockwise (60)

[ —
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4-30.

Connect the Model 895A to the SENSE terminals.

Set the RANGE switch and Readout Dials to the
values indicated in the first group of settings listed in
the Table 4-3. Set the POWER switch to the OPR
position. Note the voltage indicated on the Model

895A. Connect the 20-ohm load to the OUTPUT
terminals and note output voltage change on the Mo-

del 895A. The change should not exceed the specifi-
cation listed in the table. Repeat step d. for each
group of settings.

Repeat step d. for low line (103V) and high line
127V).

RIPPLE. The ripple test determines if an ac com-

ponent superimposed on the dc output is within specified
limits.

a.

Connect the preamplifier to the OUTPUT terminals.
Connect the Model 931 RMS Voltmeter to the output
of the preamplifier.

Set the front panel controls as follows:

332D

With the autotransformer set to nominal line voltage

(115 vac), set the POWER switch to OPR. The ripple
output should not exceed 20 microvolts.

NOTE!
Ripple indication is via 1000X preamplifier.

Set the readout dials to 10 volts. The ripple output
should not exceed 20 microvolts rms.

Connect the 200-ohm load resistor to the QUTPUT
terminals. The ripple output should not exceed 20
microvolts rms. Disconnect the load resistor.

Set the readout dials to zero, and set the RANGE
switch to 100. The ripple output should not exceed
30 microvolts rms.

Set the readout dials to 100 volts. The ripple output
should not exceed 30 microvolts rms.

Connect the 2,000-ohm load resistor to the QOUTPUT

POWER STDBY/RESET . .
METER CURRENT terminals. The ripple output should not exceed 30
RANGE 10 microvolts rms. Disconnect the load resistor.
Readout AllZ
VOLTAGE TRIP 1 Oooero Set the readout dials to zero, and set the RANGE
VERNIER Clockwise switch to 1000. The ripple output should not ex-
CURRENT LIMIT Clockwise (60) ceed 40 microvolts rms.
RANGE READOUT LOAD (50 ma) SPEC.

10 1.000000 202 10 uv

10 10.000000 20082 20 uv

100 10.00000 200Q2 20 uv

100 100.00000 2000%2 200uv

1000 100.0000 200082 200uv

1000 1000.0000 20,0002 20 mv

Table 4-2. CONTROL SETTINGS, LOAD REQUIREMENTS, AND LIMITS FOR LINE REGULATION

RANGE READOUT LOAD(50 ma) SPEC.
10 1.000000 209 10 uv
10 10.000000 20052 20 uv
100 10.00000 2009 20 uv
100 100.00000 200052 200 uv
1000 100.0000 200092 200 uv
1000 1000.0000 20,000 2.0 mv

Table 4-3. CONTROL SETTINGS, LOAD REQUIREMENTS, AND LIMITS FOR LOAD REGULATION
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j- Set the readout dials to 1000 volts. The ripple
output should not exceed 40 microvolts rms.

k. Connect the 20,000-ohm load resistor to the OUT-

PUT terminals. The ripple output should not ex-
ceed 40 microvolts rms. Disconnect the load
resistor.

4.31. VOLTAGE STANDARD ACCURACY. If the
voltage standard has successfully passed the line, load, and
ripple specifications, it can be assumed to be operating
correctly. The output voltage can now be checked and
compared to the specifications. These checks should be
accomplished after the unit has warmed up for 1 hour at
standard reference conditions of 23°C +1°, up to 70%
relative humidity, and constant line voltage. One method
of checking the instrument accuracy is by comparing the
voltages to a saturated standard cell by means of a reference
divider. Use the equipment and connections shown in
Figure 4-4 and the procedure of paragraph 4-53, steps
1. through t.

4-32. Meter and Protection Circuits

4-33. V- MONITOR. This procedure checks the output
voltage and current monitor circuitry associated with the
front panel meter.

a.  With the METER switch in the VOLTAGE position,
set the RANGE switch and readout dials for 100 volts
output.

b.  The front panel meter should indicate 100 volts +3.0
volts.

c.  Check the meter linearity at the following cardinal
points, Table 4-4. All meter indications should be

within +3% of full scale.
RANGE READOUT
10 1.000000
100 10.00000
1000 100.0000
10 10.000000
1000 1000.0000

Table 4-4. CONTROL SETTINGS
FOR V- MONITOR TEST

d.  Set the RANGE switch to 10 volts, the readout dials
to 5 volts, the CURRENT LIMIT control maximum
clockwise, and the METER switch to CURRENT.

e. Connect a 0 to 100 dc milliammeter across the OUT-
PUT terminals.

f.  Rotate the CURRENT LIMIT control counter-clock-
wise until the external meter indicates 50 milli-
amperes. The front panel meter of the Model 332D
should indicate 50 milliamperes on the red scale.

g.  Set the RANGE switch to 100 volts, then to 1000
volts. The front panel meter should indicate 50
milliamperes in each position of the RANGE switch.

4-34. CURRENT LIMIT. This check determines the
range of the CURRENT LIMIT control, which should be
0.5 to 60 milliamperes.

a. Set the POWER switch to STDBY/RESET, the
RANGE switch to 10 volts, the readout dials to 5
volts, and the CURRENT LIMIT control maximum
clockwise.

b. Connect a 0 to 100 dc milliammeter across the out-
put terminals.

c. Set the POWER switch to OPR. The external meter
should indicate 60 milliamperes.

d. Rotate the CURRENT LIMIT control maximum
counter-clockwise. The external meter should in-
dicate 0.5 milliamperes.

4-35. VOLTAGE TRIP. This test determines if the trip
circuit will actuate during an overvoltage condition on each

RANGE setting.

a. Set the TRIP VERNIER maximum clockwise. Set
the RANGE VOLTAGE TRIP, and readout dials to
the values indicated in Table 4-5. In each case,
rotate the VERNIER counter-clockwise from the
maximum clockwise position until the trip circuitry
just actuates. In each case the VERNIER control
should be approximately 30° from the maximum
clockwise position.

RANGE VOLTAGE TRIP | READOUT DIALS

10 10 10.X00000
100 100 10X.00000
1000 1000 10XX.X00

Table 4-56. CONTROL SETTINGS
FOR VOLTAGE TRIP CHECK
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b.  Set the output of the instrument for 4 volts on the 10
volt range. Set the VOLTAGE TRIP switch to the 10
volt position and the VERNIER control to the 12
o’clock position.

c. Set the RANGE switch to 100 volts. The trip

circuit should actuate.

d. Set the VOLTAGE TRIP switch to the 100 volt
position and reset the instrument.

e. Set the RANGE switch to the 1000 volt position.
The trip circuit should actuate.

f. Set the VOLTAGE TRIP switch to the 1000 volt
position and the VERNIER maximum clockwise.
Re-get the instrument.

g.  Set the RANGE switch to 100 volts then to 10 volts.
The trip circuit should not actuate in either position.

4-36. CALIBRATION
4-37. Introduction

4-38.  The following procedures are intended for calibra-
tion. The equipment required is listed in Table 4-1. Dur-
ing the first portion of the calibration procedure, the chas-
sis will have to be removed from the case and the top inner
cover removed from the chassis. However, upon removal of
the top inner cover it will be necessary to “cheat” the inter-
lock located at the top right-hand edge of the instrument
chassis.

4-39. Meter Mechanical Zero

440. With the instrument de-energized for at least 3
minutes, adjust the mechanical zero screw (located just
below the front panel meter) so that the meter pointer is
over the zero position.

4-41. Auxiliary Circuits

442. AUXILIARY POWER SUPPLY. With the POWER
switch in the OFF position, connect the instrument through
an autotransformer to the power line. Adjust the auto-
transformer for nominal line voltage. Extend the Auxiliary
Power Supply P/C Assembly (A5AS) on the extender card
provided. Set the POWER switch to the STDBY/RESET
position. Allow approximately 10 minutes for warm-up;
then proceed as follows:

443,

a.

444,

332D

Using the +SENSE terminal as common, connect a
Model 895 A to pin 10 on the Auxiliary Power Supply
P/C Assembly.

Referring to Figure 4-2, adjust ASAS R9 until the
Model 895A indicates 25 volts, +10 millivolts.

While varying the line voltage from 100 to 130 volts
ac, the Model 895A indication should not change
more than 40 millivolts.

Set the POWER switch on OFF and disconnect the
Model 895A. Replace the Auxiliary Power Supply
P/C Assembly. Return the POWER switch to the
STDBY/RESET position.

CURRENT LIMIT. Proceed as follows:

Set the front panel controls as follows:

POWER STDBY/RESET
RANGE 10

Readout Dials 5.000000
VOLTAGE TRIP 1000

VERNIER maximum clockwise
CURRENT LIMIT maximum clockwise

Connect a 0 to 100 dc milliammeter across the OUT-
PUT terminals. Set the POWER switch to OPR.

Referring to Figure 4-2, adjust R23 for a 60 milli-
ampere indication on the external meter.

Rotate the CURRENT LIMIT control maximum
counter-clockwise. Adjust R24 for a 0.5 milliampere
indication on the external meter.

If necessary, re-adjust R23 and R24 until the range of
the CURRENT LIMIT control is from 0.5 to 60 milli-
amperes.

Set the POWER switch to STDBY/RESET and install
the top inner cover.

OUTPUT CURRENT MONITOR.
follows:

Proceed as

Set the METER switch to CURRENT and POWER
switch to OPR.

Adjust the CURRENT LIMIT control to obtain a 50
milliampere indication on the external meter.

4.7
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Auxiliary Supply
+25.0 Volt Adjust
B ABA5R9

Output Current
Meter Adjust - R2

Voltage Tripout
Adjust - R13 Voltage Interlock
{Must be depressed

Output Voltmeter to operate instru-

Adjust - RS ment when inner
top cover is re-
Range moved).
10V — R2 - , R24
Zero
Output 100V — R4 Min.
Adjust 1000V — R6 Current
Limit
Adjust
Reference Supply Mo
+15.0V Adjust - R9
R23

Reference Voltage

Test Point Chopper Drive
Adjust
Range ( 10V — R9 jus
Cal. 100V - R5 R34 Chopper Comp.
Adjust 1000V — R1 Adjust

String Deck B

Sample Deck A 7
Adjust Deck C

Yy 3V BTV

4-8

Figure 4-2. LOCATION OF ADJUSTMENTS

Rotate the adjustment labeled OUTPUT CURRENT 445. OUTPUT VOLTAGE MONITOR. Proceed as
METER ADIJUST until the front-panel meter pointer follows:

indicates 50 milli th .
indicates 50 milliamperes on the red scale a. Set the front panel controls as follows:

POWER OPR
Set the RANGE switch to 100 volts; then to 1000 METER VOLTAGE
volts. The front-panel meter should indicate 50 milli- RANGE - 100
amperes in each position of the RANGE switch. Readout Dials 100.00000
b.  Rotate the adjustment labeled OUTPUT VOLT-
Set the POWER switch to STDBY/RESET and re- METER ADJUST until the front-panel meter indi-
move the external meter connections. cates 100 volts £0.5 volts.
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c. Meter linearity may be checked at the cardinal points
listed in Table 4-6. All full-scale meter indications
should be within *3% of full scale.

RANGE READOUT DIALS
10 1.000000

100 10.00000

1000 100.0000

10 10.000000

1000 1000.0000

Table 4-6. CONTROL SETTINGS FOR VOLTAGE
MONITOR LINEARITY CHECK

446. VOLTAGE TRIP. Proceed as follows:

a.  Set the front panel controls as follows:

RANGE 100

Readout Dials 10X.00000

VOLTAGE TRIPOUT maximum counter-
ADJUST (topcover) clockwise

VOLTAGE TRIP 100

VERNIER 300 from maximum

b. Rotate the VOLTAGE TRIPOUT ADJUST until the
output is de-energized, as indicated by the illumi-
nation of the red indicator lamp and the audible
“cliek” of relays.

c.  Set the POWER switch to STDBY/RESET. Rotate
the VERNIER control to the maximum clockwise
position.

d.  Set the POWER switch to OPR. Set the RANGE
switch, TRIP switch, and readout dials as listed in
Table 4-7. Check the trip action on each range by
rotating the VERNIER control counter-clockwise.
The trip point should occur in each RANGE switch
position when the VERNIER control is approxi-
mately 30° from the maximum clockwise position.

TRIP RANGE READOUT DIALS
10 10 10.X00000
1000 1000 10XX.X000

Table 4-7. CONTROL SETTINGS FOR TRIP
RANGE CHECK

3/75
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447. MASTER REFERENCE. Proceed as follows:

a.  Set the front panel controls as follows:

POWER ON

RANGE 1000

Readout Dials 00X.0000
VOLTAGE TRIP 1000

VERNIER Maximum clockwise

CURRENT LIMIT Maximum clockwise

b. Connect a Model 895A to the MASTER REFER-
ENCE test points through the top inner cover.

c.  Adjust CAL 1000V, CAL 100V and CAL 10V mech-
anically to mid-point of travel.

d. Rotate the REF VOLTAGE ADJUST to obtain an
indication of 15.00 volts (10 uV) on the Model 895A.

e. Set the POWER switch to STDBY/RESET.

4-48. Voltage Standard Output

449. The voltage standard is calibrated by setting the
zero output and adjusting the sample string resistors and
the range resistors. Adjustment of sample string resistors
determines output voltage ratio accuracy and adjustment
of the range resistors determines absolute voltage accuracy.
The linearization adjustment involves adjusting corre-
sponding resistors in adjacent decades so they are in exact
ten-to-one ratio with each other.

4-50.  This procedure is divided into sections, initial and
final. Both procedures are to be performed if any servicing
has been done. The Final calibration need only be done if
the instrument is operating normally and requires certifica-
tion.

4-51. INITIAL CALIBRATION. The following adjust-
ments should be performed whenever repairs have been
made to the Model 332D. After completion, however, the
adjustments given under Final Calibration must also be done.

4-52.  The instrument should be warmed up for at least
four hours at standard reference conditions of 23°C +1°C, up
to 70% relative humidity and constant line voltage before
adjustments are made. The instrument must be operated in
its case with the RANGE switch and readout dials set for
100 volts output.

4-9
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4-10

Set the Model 332D controls as follows:

POWER ON

RANGE 1000

Readout Dials 00X.0000
VOLTAGE TRIP 1000

VERNIER Maximum Clockwise

CURRENT LIMIT Maximum Clockwise
Connect a Model 895A to the MASTER REFER-
ENCE test points through the top inner cover.

Rotate the REF VOLTAGE ADJUST to obtain
an indication of 15.0 volts (10 uV) on the Model
895A.

Connect a Model 845AR null detector across the
OUTPUT terminals. Set the voltage standard dial
readout to all zeros and the POWER switch to OPR.

At each RANGE switch position, vary the corre-
sponding ZERO OUTPUT ADJUST (10V, 100V,
1000V) for a null indication (+2 microvolt) on the
null detector.

Connect the 895A to the OUTPUT terminals of
the 332D with the voltmeter common connect-
ed to the positive (+) output.

Set RANGE switch and decades on the 332D
as listed in Table 4-8. Null the 895A reading or
adjust the specified Sample String adjustment po-
tentiometer.

Leave the 895A connected as in step f.

Set the RANGE and decades on the 332D as
listed in Table 4-9. Adjust the 895A to 10.0 00 00
volts. Adjust the range calibration pots (CAL)
shown in Figure 4-2 as required.

Set the Model 332D controls as follows:

POWER STDBY/RESET
RANGE 10
Readout Dials 5.000000

VOLTAGE TRIP 1000
VERNIER Maximum Clockwise
CURRENT LIMIT Maximum Clockwise

Range Dial Setting Adjust 895A to: Adjust *
1000 000X 000 Null Reading --
1000 0010000  ------- 1
1000 001X 000 Null Reading --
1000 0020000  ------- 2
1000 003X 000 Null Reading -- C Decade
1000 0040000  ------- 4
1000 007X 000 Null Reading --
1000 0080000  ------- 8
1000 00 X000 0 Null Reading --
1000 0100000  ------- 1
100 01 X0000 Null Reading --
100 0200000  ------- 2
100 03 X0000 Null Reading -- B Decade
100 0400000  ------- 4
100 07 X000 0 Null Reading --
100 0800000  ------- 8
100 0X 00000 Null Reading --
100 1000000  ------- 1
10V 1X 00000 Null Reading --
10v 2000000 @ ------- 2
10v  3X 00000 Null Reading -- A Decade
i0v 4000000 @ ------- 4
10v 7X00000 Null Reading
iov 8000000  ------- 8
* Adjust the specified Sample String potentiometers to within
124 volts of the previous null reading.
Table 4-8. SAMPLE STRING PRE-LINEARIZATION
332D 332D Adjust 895A Adjust
Range Dial Setting To:
10V 10000000 10,0 00 00 10V CAL to null
100V 1000000 10.0 00 00 100V CAL to null
1000V 0100000 10.000 00 | 1000V CAL to null
Table 4-9. PRELIMINARY RANGE CALIBRATION
k. Connect a 0 to 100 dc milliammeter across the
OUTPUT terminals. Set the POWER switch to
OPR.
1. Referring to Figure 4-2, adjust R23 for a 60 milli-
ampere indication on the external meter.
m. Rotate the CURRENT LIMIT control maximum
counter-clockwise. Adjust R24 for approximately
0.5 milliampere indication on the external meter.
n. If necessary, re-adjust R23 and R24 until the

range of the CURRENT LIMIT control is from
0.5 to 60 milliamperes.

b -
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Set the POWER switch to STDBY/RESET. Re-
place the top inner cover on the Model 332D.

Set the METER switch to CURRENT and POWER
switch to OPR.

Adjust the CURRENT LIMIT control to obtain a
50 milliampere indication on the external meter.

Rotate the adjustment labeled OUTPUT CUR-
RENT METER ADJUST until the front-panel
meter pointer indicates SO milliamperes on the red
scale.

Set the RANGE switch to 100 volts; then to 1000
volts. The front-panel meter should indicate 50
milliamperes in each position of the RANGE
switch.

Set the POWER switch to STDBY/RESET. Re-
move the external meter connections from Model
332D.

Set the Model 332D front panel controls as
follows:

POWER OPR
METER VOLTAGE
RANGE 100

Readout Dials 100.00000

Rotate the adjustment labeled OUTPUT VOLT-
METER ADJUST until the front-panel meter indi-
cates 100 volts £0.5 volts.

Meter linearity may be checked at the cardinal
points listed in Table 4-10. All full-scale meter
indications should be within 3% of full scale.

RANGE READOUT DIALS
10 1.000000

100 10.00000

1000 100.0000

10 10.000000

1000 1000.0000

Table 4-10. CONTROL, SETTINGS FOR VOLTAGE

MONITOR LINEARITY CHECK

X.

332D

Set the Model 332D controls as follows:

RANGE 1000V

Readout Dials 125.0000

VOLTAGE TRIPOUT Maximum Counter-
ADIJUST (top cover) clockwise

VOLTAGE TRIP 100

VERNIER Fully Clockwise

Rotate the VOLTAGE TRIPOUT ADJUST until
the output is de-energized, as indicated by the il-
lumination of the red indicator lamp and the aud-
ible ““click” of relays.

Set RANGE to 10 and reset the instrument.

Set the POWER switch to OPR. Set the RANGE
switch, TRIP switch, and readout dials as listed in
Table 4-11. Check the trip action on each range
by rotating the VERNIER control counter-clock-
wise. The trip point should occur in each RANGE
switch position when the VERNIER control is
approximately 30° from the maximum clockwise
position.

TRIP RANGE READOUT DIALS
10 10.X00000
1000 1000 10XX.X000

Table 4-11. CONTROL SETTINGS FOR TRIP RANGE

ab.

ac.

ad.

ae.

af.

ag.

CHECK

Set the output of the instrument for 4 volts on the
10 volt range. Set the VOLTAGE TRIP switch to
the 10 volt position and the VERNIER control to
the 12 o’clock position.

Set the RANGE switch to 100 volts. The trip cir-
cuit should actuate.

Set the VOLTAGE TRIP switch to the 100 volt
position and reset the instrument.

Set the RANGE switch to the 1000 volt position.
The trip circuit should actuate.

Set the VOLTAGE TRIP switch to the 1000 volt
position and the VERNIER maximum clockwise.
Re-set the instrument.

Set the RANGE switch to 100 volts then to 10
volts. The trip circuit should not actuate in either
position.
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4-53.

FINAL CALIBRATION. The following procedure

should be performed to accomplish the final linearization
of the Sample String and the Range Calibration on
the 332D.

Connect a Model 845AR null detector across the
OUTPUT terminals. Set the voltage standard dial
readout to all zerosand the POWER switch to OPR.

720A

332D
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b. At each RANGE switch position, vary the corre- Figure 4-3. CONNECTIONS FOR SAMPLE STRING
sponding ZERO OUTPUT ADJUST (10V, 100V, LINEARIZATION
1000V) for a null indication (£1 microvolt) on the . .
f. Set switch S1 to position A.
voltmeter.
g. Adjust the output of the 332D (approximately
c. Self-calibrate the 720A using the procedure con- 11V) for a null indication (£1 microvolt) on the
tained in its instruction manual. 845AR.
d. Using the 7101B DC Voltage Calibration System h. Set OPERATE switch on 845AR to zero. Set
make the equipment connections shown in Figure switch 81 to position B.
43, i Set the RANGE and readout dials to the values
e. Set the readout dials of the 720A to the standard listed in Table 4-12 and adjust the RANGE CAL
cell voltage (e.g., “.1018000"). or SAMPLE STRING ADJUST potentiometers as
indicated.
STEP 720 SETTING 332D 332D NULL 845AR
RANGE DIAL SETTING ADJUSTMENT NULL
1 0000000 1000V 000.0000 l> 845AR +1uV
2 .1000000 1000V 000.X000 1000V CAL +1uVv
3 .1000000 1000V 001.0000 DECK C — 1 +1uV
4 .2000000 1000V 002.0000 DECKC -2 +1TuV
5 .4000000 1000V 004.0000 DECKC -4 +2uV
6 .8000000 1000V 008.0000 DECK C -8 +4 uV
7 1.0000000 1000V 00X.0000 [> 720A +5uV
8 Step 7 null 1000V 010.0000 DECK B — 1 +5uV
9 0000000 100V 00.00000 [> 845AR +1uV
10 .1000000 100V 01.00000 100V CAL +1uV
11 .2000000 100V 02.00000 DECK B —2 +1uV
12 .4000000 100V 04.00000 DECK B —4 +2uV
13 .8000000 100V 08.00000 DECK B —8 +4 uV
14 1.0000000 100V 0X.00000 D 720A +5uV
15 Step 14 null 100V 10.00000 DECK A —1 t5uV
16 0000000 10V 0.000000 [> 845AR +1uV
17 .1000000 10V 1.000000 10V CAL +1uVv
18 .2000000 10V 2.000000 DECK A -2 +1uVv
19 .4000000 10V 4.000000 DECK A -4 +2uV
20 .8000000 10V 8.000000 DECK A -8 +4 uV
|> Adjust the 845AR ZERO ADJ to obtain a system zero.
D Adjust the 720A readout dials for a null on the 845AR. Retain this setting for the next step.

4-12

Table 4-12. FINAL LINEARIZATION OF DECK C, B AND A
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Repeat steps a. through h., paragraph 4-53. p- Connect the 845AR to test points A shown in Fig-
ure 44.
Set the RANGE and readout dials to the values q- Set the instruments to the scttings shown in step 2
listed in Table 4-13 and adjust the RANGE CAL of Table 4-14.
potentiometers as indicated. I. Switch in the null indicator with the switch on the
750A and adjust the output of the 332D for a null
NOTE! indication (1 microvolt) on the 845AR. The
332D should read =~ 1100 volts.
The calibration of the 332B should now
- J . s. Connect the 845AR to test points B shown in Fig-
be checked to ensure that it meets the ac- . 1
curacy specifications ure 4-4. The null indicator should read within the
) tolerance specified for this step in Table 4-14.
Using the 7101B DC Voltage Calibration System t. Perform the remaining checks in Table 4-14 by set-
. ] o ting the instruments as specified in each step and
make the equipment connections shown in Figure checking the specified tolerance against the 845AR
4-4. null indicator. The steps that are marked with a
Set the Standard cell voltage on the standard cell flag should be performed as in instruction o. of
readout dials of the 750A. this paragraph.
Set the instruments to the settings shown in step 1 WARNING!
of Table 4-14. During this procedure high voltage is pre-
Connect the 845AR across the output terminals of sent at the terminals of all test instru-
the 332D. The 845AR should read zero volts ments except the standard cell. When
and be within the tolerance specified in Table relocating the null indicator the output
4-14. of the 332D should be set to zero volts.
720A SETTING 332D 332D NULL 845AR
RANGE DIAL SETTING ADJUSTMENT NULL
1.0000000 1000V 010.0000 1000V CAL +5uV
1.0000000 100V 10.00000 100V CAL +5uV
1.0000000 10V 10.000000 10V CAL +5uV
Table 4-13. FINAL RANGE CALIBRATION
845AR
750A
Y 8 Y__ OUTPUT INPUT
332D 332D
YAY
HI|—® —HI
LO|—e STD ¢—LO
CELL
1l
|
uuT

Figure 4-4. CONNECTIONS FOR RANGE CALIBRATION CHECKS

4-13
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750A [
SETTING 332D
STEP INPUT OUTPUT RANGE DIAL SETTING TOLERANCE
[> 1 .- 10V 0.000000 +10uV
2 1100 5 10V 5.000000 +60 UV
3 1100 10 10V 10.000000 +110uV
i> 4 ... .. 100V 00.00000 +20uV
5 1100 5 100V 05.00000 +70uV
6 1100 10 100V 10.00000 +120uV
7 1100 50 100V 50.00000 +520 uV
8 1100 100 100V 100.00000 +1020uV
[> 9 - . 1000V 000.0000 +200 4V
10 1100 5 1000V 005.0000 +275uV
1 1100 10 1000V 010.0000 +350uV
12 1100 50 1000V 050.0000 4950 uV
13 1100 100 1000V 100.0000 £1700 uV
14 1100 500 1000V 500.0000 +7.7 mV
15 1100 1000 1000V 1000.000 +15.2 mV
16 1100 1100 1000V 10X0.0000 +16.7 mV
17 1100 1100 1000V 1099.999X +16.7 mV
D Perform this test as described in step o., paragraph 4-53.

Table 4-14.
454, TROUBLESHOOTING

4-55. A thorough understanding of the principles of
operation is necessary to efficiently troubleshoot the instru-
ment. It is recommended that Section 3 be reviewed before
attempting to troubleshoot the unit.

4-56. The following troubleshooting procedure is in such
sequence that it can be applied to any unit, including one in
which the trouble is totally unknown and there is doubt
whether power can be applied without causing damage. If
the unit is operable, the Resistance Measurement and the
Standby Power Check, Paragraphs 4-57 and 4-59 may be
omitted. The checkout follows the guidelines listed below,
and is intended to localize the trouble to an assembly which
may be tested individually.

a.  Remove the Pre-Regulator P/C Assembly.

b.  Check all auxiliary supplies and the reference voltage.

c. Check the Control Amplifier to ensure that it
operates properly when provided with an error signal.

d.  Verify that the Pre-Regulator is being turned on and
off by the Unijunction Oscillator.

4-14

CONTROL SETTINGS AND TOLERANCES FOR CALIBRATION CHECK

When it can be verified that the Pre-Regulator is controlling
power to the High Voltage Rectifier, the POWER switch
may be set to the OPR position and the Series Pass Element
checked.

WARNING !

The inner chassis is at the same potential as the
+OUTPUT terminal. Avoid contact with the
inner chassis and exposed parts. The Pre-
Regulator circuitry is at line voltage above
ground. When changing P/C boards, use the
POWER switch OFF position and wait a few
seconds after removing power to allow ca-
pacitors to discharge. When changing the Pre-
Regulator Assembly, set the POWER switch to
OFF.

4-57. Resistance Measurements

4-58. These checks verify correct output resistance of
auxiliary voltage supplies. A check of the sample string may
reveal an open resistor, which is sometimes a cause of loss
of regulation. An ohmmeter (RCA VoltOhmyst or equi-
valent) is required for this test.
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Disconnect the instrument power plug from ac power.
Disengage the chassis from the case by loosening the
two Dzus fasteners on the rear of the instrument.
Slide the unit out of the case and remove the top
inner cover. This will open the interlock.

Remove the Pre-Regulator P/C Assembly. Set the
instrument POWER switch to OFF and set the
front panel controls as follows:

POWER OFF
METER \Y%
VOLTAGE RANGE 100V
VOLTAGE TRIP 1000V

VERNIER Fully Clockwise (CW)
CURRENT LIMIT Fully Clockwise (CW)
Decade Dials 50.00000

Measure the resistance between the following test
points and the +SENSE terminal. Connect the
assembly to the mother board by using the extender
card.

ASSEMBLY PIN RESISTANCE
(Approx.)
Auxiliary Power Supply 9 8.4 kilohms
Auxiliary Power Supply 10 2.1 kilohms
Current Limiter 1 6.0 kilohms
Current Limiter 3 3.0 kilohms

Disconnect the shorting links between the SENSE
and OUTPUT terminals. Remove the Differential
Amplifier Assembly and connect an ohmmeter be-
tween pin 5 of the Differential Amplifier socket and
the negative SENSE terminal. The ohmmeter should
indicate less than 0.5 ohm. Step each dial through its
range; the resistance should increase according to the
following table. Return each dial to zero after

checkout.
NOTE!

This check detects gross errors only, such as an
open resistor. Resistors are factory selected for
accuracy and temperature coefficient.

READOUT DIAL RESISTANCE INCREASE
OHMS PER STEP
Seventh 0.1
Sixth 1.0
Fifth 10
Fourth 100
Third 1000
Second 10,000
First 100,000

332D

e.  Reconnect the links between the SENSE and OUT-
PUT terminals and replace the Differential Amplifier
Assembly.

4-59. Standby Power

4-60. This check measures power consumption in the
STDBY/RESET mode. It reveals possible gross faults
such as wiring errors or shorted components in the auxil-
iary power supply, voltage control circuitry and protection
circuitry. A metered Variac and differential voltmeter are
required for this test.

a. Remove the top inner cover and the Pre-Regulator
Assembly if not already accomplished.

b. Connect the instrument through a Variac toa 115
volt, 60 Hz, power line with a wattmeter or ammeter
in series between the Variac and the instrument. Set
the Variac output to zero. Set the front panel con-
trols as follows:

POWER OFF

VOLTAGE RANGE 100

VOLTAGE TRIP 1000

VERNIER maximum clockwise
CURRENT LIMIT maximum clockwise

Readout Dials 50.00000

c.  Set the POWER switch to STDBY/RESET and slowly
increase the output of the Variac to 115 volts. The
CURRENT LIMIT and center decimal lights should
come on and the time delay relay (A6-K2001) should
operate. The wattmeter should indicate 30 to 40
watts power drain.

4-61. Auxiliary Supply Voltages

4-62.  This procedure checks out the bias voltages, mas-
ter reference voltage and the series pass element voltage.

a.  Using the Model 895A differential voltmeter, measure
the voltage between the test points listed in Table
4-15 and the +SENSE terminal, which is common.

b.  Whereindicated, perform the adjustment to determine
that it can be made. These should be re-checked
during calibration of the instrument.

4-15
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ASSEMBLY PIN VOLTS DC
Auxiliary Power Supply 10 23 to 27
Auxiliary Power Supply 9 -14 t0 -16
Current Limiter 1 -33t0-39
Current Limiter 3 33to0 39
Range Cal Test Points 14.9 to 15.1 b
Reference Supply Collector Q1 26 to 35 lb
Series Pass Collector Q8 Approx. 140

Yellow lead 650 to 725

Rear bulkhead power
resistor, 100 kilohms

T=Adjustable to 25 volts £10 mv with R9
D> Adjustable to 15.0 volts £10 uV with R9 on Reference Supply pcb

b Approximately 1 volt at turn-on, rising to 26 to 35 volts after 10 minute warm up.

Table 4-15. REFERENCE AND AUXILIARY VOLTAGES

4-63. Unijunction Oscillator and Chopper

4-64.

Amplifier
UNIJUNCTION OSCILLATOR. This check ver-

ifies operation of the unijunction oscillator and the flow of
error signal through the chopper amplifier, differential

amplifier and series pass driver.

An oscilloscope is re-

quired for this test.

d.

4-65.

4-16

Connect the oscilloscope with a 10X isolation
probe between pins 14 (common) and 15 (input)
of the Series Pass P/C Assembly. Set the oscillo-
scope sweep speed to 1 milliseconds/cm and verti-
cal sensitivity to 1 volt/cm.

Set the POWER switch to STDBY/RESET. Posi-
tive going pulses of 1.0 to 2.0 volts peak-to-peak
should be observed.

CHOPPER AMPLIFIER. This procedure checks
the alignment and response of the Chopper Ampli-
fier in the 332D. An oscilloscope and a general
purpose supply are required for this test. To
check alignment:

Install the Chopper Amplifier assembly on the ex-
tender card. Connect an oscilloscope to the base

of Q3 on the Chopper Amplifier Board. The scope
common should be connected to Pin 13 of the

card connector. Connect a clip lead between Pin 6
and Pin 12 of the input connector.

Turn the POWER switch to STDBY/RESET. Turn
the CHOPPER DRIVE ADJUST (R43) to maxi-
mum clockwise. Turn CHOPPER COMPENSA-
TION ADJUST to maximum clockwise.

C.

Adjust R34, CHOPPER COMPENSATION AD-
JUST for minimum pulse amplitude. The total
adjustment range of R34 should provide a positive
and negative pulse swing. If this is not satisfied,
cut the jumper across R33 and again adjust R34.
When correctly adjusted, R34 will reduce the
positive spike at the transition point to zero.

Alternately adjust R43 counter-clockwise and R34
as necessary to obtain maximum squareness of the
chopper waveform without a spike at the transi-
tion point. When correctly adjusted, waveform
should appear as shown in Figure 4-5.
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4-66.

Figure 4-5. CHOPPER WAVEFORM
Replace the chopper board in the instrument.

To check amplifier response:

Connect the oscilloscope with a 10X isolation
probe between Pins 14 (common) and 15 (input)
of the Serics Pass P/C Assembly. Sct the oscillo-
scope sweep speed to 1 milliseconds/cm and verti-
cal sensitivity to 1 volt/cm.

| S—
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b. Set the POWER switch to STDBY/RESET. Posi-
tive going pulses of 1.0 to 2.0 volts peak-to-pecak
should be observed.

c. Set POWER switch to OPR position. The pulses
observed in step b. should disappear.

d. Set the output of a laboratory power supply to
5.5V de.

e. With 332D POWER switch in OPR position, con-
nect the lab supply to the corresponding OUTPUT
terminals of the 332D.

f. Set 332D controls as follows and observe uni-
junction pulses:

Range Dialed Voltage Unijunction Pulses
10V 5.000000 Should appear
10V 6.000000 Should disappear
100V 05.00000 Should appear
100V 06.00000 Should disappear
1000V 005.0000 Should appear
1000V 006.0000 Should disappear
4-67. Pre-Regulator
4-68.  This check verifies operation of the Pre-Regulator

circuitry Q1 through Q8. An oscilloscope and power line
isolation adapter are required for this test.

d.

Set the POWER switch to OFF.
Regulator P/C Assembly.

Install the pre-

Sct the instrument front panel controls as follows:

POWER OFF
RANGE 1000
VOLTAGE TRIP 1000
VERNIER Maximum Clockwise

CURRENT LIMIT Maximum Clockwise

Connect the oscilloscope power plug to the ac line
via a line isolator (two-to-three wire adapter). The
oscilloscope must be operated ungrounded when
observing pre-regulator waveforms.

Connect the oscilloscope common to the emitter
of Q1 and connect the input to the base (Q1 is the
stud-mounted power transistor). Set the vertical
input to DC, sweep speed to 1 millisecond/cm and
the vertical sensitivity to 0.5 volt/cm.

332D

Set the readout dials to 50.0000 and the POWER
switch to STDBY/RESET. The oscilloscope wave-
form should appear as shown in Figure 4-6.

Set the POWER switch to OPR. The oscilloscope
waveform should appear as shown in Figure 4-7.

Sct POWER switch to STDBY/RESET and remove
oscilloscope connections. Short out the interlocks
using nylon blocks. Set POWER switch to OPR.
Voltmeter of 332D should indicate 50+10 volts.

Set RANGE switch to 10 volt range. Voltmeter
should indicate 5 £ 1 volt.

Set RANGE switch to 1000 volt range. Voltmeter
should indicate 500 +100 volts. Set POWER
switch to OFF.

0.5 V/CM

1 MS/CM

“4-t+—— 1 .1 B LT T

Figure 4-6. PRE-REGULATOR Q1, WAVEFORM

ON STDBY/RESET

0.5 MV/CM

T

1 MS/CM

Figure 4-7. PRE-REGULATOR Q1, WAVEFORM

ON OPR
4-17
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m.

4-69.

4-70.

Connect the oscilloscope across the 50 watt zener
diode on the pre-regulator assembly. Connect
oscilloscope “positive” input to cathode; connect

“negative” input to the anode; use a 10X probe.

Connect output to load box.

Set decades for 1100 volt output and set CUR-
RENT LIMIT to 60 mA. Set POWER switch to
OPR and apply full load, 60 mA.

Set oscilloscope sensitivity to 50V/cm and sweep
speed to 2 ms/cm.

Set line voltage to 115V ac, 60 Hz. The waveform
observed on the oscilloscope should appear as in
Figure 4-8 A and should not exceed 150 volts peak.

Set line voltage to 100V ac, 60 Hz. The waveform
observed on the oscilloscope should appear as in
Figure 4-8B and should not exceed 150 volts peak.

Set line voltage to 130V ac, 60 Hz. The waveform
observed on the oscilloscope should appear as in
Figure 4-8C and should not exceed 150 volts peak.

Remove oscilloscope connections.

Series Pass Element

If the procedure has been completed satisfactorily

thus far, the main parts of the voltage control circuitry have
been checked out excluding the Series Pass P/C Assembly.
A differential voltmeter and a load resistor box are re-
quired for this test.

a.

4-18

Set the line voltage to 100V ac and set readout
dials to all zeros on 10 volt range. Connect a volt-
meter between the collector of Q1 and the emitter
of Q8 on the Pass Element Assembly. This volt-
age should read less than 2V dc.

Set the line voltage and 332D controls as in
Table 4-16 and measure the voltage between
the collector and emitter of Q8. The voltages
should be within the specified limits.

Connect the voltmeter across the OUTPUT termi-
nals of the 332D. Set the 332D for the follow-
ing outputs on the 1000 volt range and short
the OUTPUT terminals at cach setting. The out-
put should return to normal upon removal of the
short.

OUTPUTS: 100, 300, 600, 900, 1100 volts.

LINE VOLTAGE = 115V AC, 60 Hz
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Figure 4-8. WAVEFORMS ACROSS ZENER DIODE

Voltage Limits
Range | Output| Load | Line Across Q8
Voltage | Min. Max.
10 0 0 100 45 100
10 0 0 130 45 90
1000 1100 | 60 mA] 100 42 55
1000 1100 |60 mA| 130 42 55

Table 4-16. SERIES PASS ELEMENT VOLTAGE CHECKS

L.
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Section 5
’ Lists of Replaceable Parts
\
)
y
1
j
N TABLE OF CONTENTS
J
REFERENCE ASSEMBLY NAME/NUMBER PARTNO. PAGE
) DESIGNATOR
)
DC Voltage Standard Final Assembly (6160B) 6160B 5-3
Y Al Capacitor P/C Assembly (332B4055) 239343 5-10
i A2 Sample String P/C Assembly (332B/AF4051) 314849 5-11
A3 Capacitor/Switch P/C Assembly (335A4092) 227603 5-14
T‘ A4 Range Calibration P/C Assembly (332B/AF4052) 314856 5-15
4 AS Mother Board P/C Assembly (335A-4064) 219238 5-17
R A5Al Reference Supply P/C Assembly (332B/AC4083) 314864 5-19
‘ ASA2 Series Pass Driver P/C Assembly (335A-4056) 219154 521
’ A5A3 Differential Amplifier P/C Assembly (335A4057) 219162 523
ASA4 Chopper Amplifier Assembly (333A-4004) 251918 5-26
ASAS Auxiliary Power Supply P/C Assembly (335A4059) 219188 529
ASA6 Current Limiter P/C Assembly (335A4060) 219196 5-33
) A6 Time Delay P/C Assembly (332A-420) 192260 5-35
A7 High Voltage Mother Board P/C Assembly (332B-4056) 239350 537
. ATAl Series Pass Element P/C Assembly (332B4061) 314823 5-39
ATA2 Preregulator P/C Assembly (332B-4082) 314815 541
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51. INTRODUCTION

5-2. This section contains an illustrated parts breakdown
of the instrument. Components are listed alpha-numerically
by assembly. Electrical components are listed by reference
designation and mechanical components are listed by item
number. Each listed part is shown in an accompanying
illustration.

53. Parts lists include the following information:
a. Reference Designation or Item Number.

b. Description of each part

c. Fluke Stock Number.

d Federal Supply Code for Manufacturers. (See

Appendix A for Code-to-Name list.)

e. Manufacturer’s part Number or Type.
f. Total Quantity per assembly or component.
g Recommended Quantity: This entry indicates

the recommended number of spare parts necessary
to support one to five instruments for a period of
two years. This list presumes an availability of
common electronic parts at the maintenance site.
For maintenance for one year or more at an
isolated site, it is recommended that at least one in
each assembly in the instrument be stocked. In the
case of optional subassemblies, plug-ins, etc. that
are not always part of the instrumient, or are
deviations from the basic instrument mode, the
REC QTY column lists the recommended quantity
of the item in that particular assembly.

h. Use Code is provided to identify certain parts that
have been added, deleted or.modified during pro-
duction of the instrument. Each part for which a
use code has been assigned may be identified with
a particular instrument serial number by consulting
the Use Code Effectivity, paragraph 5-7.

54. HOW TO OBTAIN PARTS

5-5. Components may be ordered directly from the
manufacturer by using the manufacturer’s part number, or
from the John Fluke Mfg. Co., Inc. factory or authorized
representative by using the FLUKE STOCK NUMBER. In

5-2

the event the part you order has been replaced by a new
or improved part, the replacement will be accompanied by
an explanatory note and installation instructions, if neces-

sary.

5-6. To ensure prompt and efficient handling of your
order, include the following information.

a. Quantity

b. FLUKE Stock Number

c. Description

d. Reference Designation or Item Number
e. Printed Circuit Board Part Number

f. Instrument model and Serial number

57 . USE CODE EFFECTIVITY LIST

USE

CODE SERIAL NUMBER EFFECTIVITY
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REF STOCK MFR TOT|REC
DESCRIPTION MFR lﬂ Io [USE
DESIG NO PART NO |QTY|QTY|CODE
DC VOLTAGE STANDARD 332D
Figure 5-1
Al Capacitor P/C Assembly (See 239343 89536 239343 1
Figure 5-2) (332B4055)
A2 Sample String P/C Assembly (See 314849 89536 314849 1
Figure 5-3) (332B/AF-
4051) 1
A3 Capacitor Switch P/C Assembly 227603 89536 227603 1
(See Figure 5-4) (335A-4092)
A4 Range Calibration P/C Assembly 314856 89536 314856 1
(See Figure 5-5) (332B/AF-
4052)
A5 Main Mother Board P/C Assembly 219238 89536 219238 1
(See Figure 5-6) (335A-4064)
AS5A1 Reference Supply P/C 314864 89536 314864 1
Assembly (See Figure 5-7) (332B/AF-
4083)
A5A2 Series Pass Driver P/C Assembly 219154 89536 219154 1
(See Figure 5-8) 1(335A-4056)
A5A3 Differential Amplifier P/C 219162 89536 219162 1
Assembly (See Figure 5-9) (335A-4057)
ASA4 Chopper Amplifier P/C Assembly 251918 89536 251918 1
(See Figure 5-10) (333A-4004)
ASAS Aucxiliary Power Supply P/C 219188 89536 219188 1
Assembly (See Figure 5-11) |(335A-4059)
AS5A6 Current Limiter P/C Assembly 219196 89536 219196 1
(See Figure 5-12) [(335A-4060)
A6 Time Delay P/C Assembly 192260 89536 192260 1
(See Figure 5-13) |(3324-420)
A7 High Voltage Mother Board P/C 239350 89536 239350 1
Assembly (See Figure 5-14) 1(332B-4056)
A7Al Series Pass Element P/C 314823 89536 314823 1
Assembly (See Figure 5-15) |(332B/AF-
4061)
ATA2 Preregulator P/C Assembly 314815 89536 314815 1
(See Figure 5-16) (332B/AF-
4082)
A8 Extender P/C Board 187344 89536 187344 1
(332A-415)
C1 Cap, oil, 4 uf +10%, 1,200V 183541 01884 | CMLE405K12{ 1
C2 Cap, cer, 0.01 uf, gmv, 1,600V 106930 71590 | DD16-103 2
(tocated on C1)
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Figure 5-1. DC VOLTAGE STANDARD (Sheet 1 of 3)
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Figure 5-1. DC VOLTAGE STANDARD (Sheet 2 of 3)
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REF STOCK MFR TOT|REC| USE
DESCRIPTION MFR

DESIG NO PART NO JQTY|QTY|CODE|

C3 Cap, cer, 0.005 uf +20%, 3,000V 188003 71590 DD30-502 1

C4.C5 Cap, plstc, 0.1 uf +10%, 1,500V 234260 96733 | C-60232A 2

C6,C7 Cap, poly, .10 uf +10%, 400V 289744 73445 | C280CFAI00K| 2

CR1 Diode, silicon, 1 amp, 100 piv 116111 05277 1N4817 51 5

%11% Diode, silicon, 1 amp, 600 piv 112383 |05277| 1N4s22 |48 | 5

CR4

thru Diode, light-emitting 309617 71318 FLV102 5

CR8

F1 Fuse; Type MDL, slow blow, 166306 71400 | Type MDL 1 5
1/4 amp, 250V

F2 Fuse, Type MDA, slow blow, 109280 71400 | Type MDA 1 5
3 amp, 250V (For 115V operation)

F2 Fuse, Type MDX, slow blow, 1-1/2 109231 71400 | Type MDX 1 5
amp, 250V (For 230V operation)

1 Binding post, red, OUTPUT 149856 58474 |BHB10208G22| 2

2 Binding post, black, OUTPUT 149864 58474 |BHB10208G21] 2

13 Binding post, red, SENSE 149856 58474 |BHB10208G22| REF

J4 Binding post, black, SENSE 149864 58474 {BHB10208G21| REF

J5 Binding post, GROUND 155911 58474 | GP30ONC 1

J6 Binding post, blue, GUARD 233833 58474 | DF31BLC 1

K1 Relay, armature, 115 vac, dpdt 148940 73949 1060713-00 1

M1 Meter, 0-100 ua, 32582 225490 89536 225490 1

R1 Res, met flm, 100k +1%, 1/2w 151316 75042 |Type CEC-TO| 2
(mounted on S3)

R2 Res, met flm, IM £1%, 1/2w 161075 75042 |Type CEC-TO| 1
(mounted on S3)

R3,R4 Res, car flm, 5SM £1%, 1w 107458 75042 Type C13 2

RS Res, var, ww, Sk £10%, 5w 219758 71450 Type AW 1
(mounted on S3)

R6 Res, var, ww, 3002 £10%, Sw 219741 71450 Type AW 1

R7 Res, comp, 1k +10%, 1/2w 108563 01121 EB1021 4

R8 Res, ww, 500Q2 +5%, 25w 183533 14193 |Type MC250 1

3/75
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oesic DESCRIPTION "o [M% | sanrao prviervicont
hR9, R10 Res, ww, 100k +1%, 10w 177121 14193 | Type SP1127 | 2
. Switch, POWER, STDBY/RESET wafer 187864 76854 | Type HC 1
Switch, POWER, OPR wafer 187872 76854 | 248214HC 1
S2 Switch, VOLTAGE RANGE, rotary 237305 89536 237205 1
S3 Switch, VOLTAGE TRIP, rotary 240739 89536 240739 1
S4 Switch, METER, rotary 187146  B9536 187146 1
SS, S6 Switch, interlock 187708 91929 | V3L-78 2
T1 Transformer, power 222315 89536 222315 1
T2 Transformer, high voltage 222307 89536 222307 1
w1 Line cord 102822 89536 102822 1
XF1, Holder, fuse 160846 75915 342004 2
XF2
1 Coupler, dial 130252 89536 130252 7
2 Coupler, RS to S3 193557 89536 193557 1
3 Coupler, Digit Switches to detents 226779 89536 226779 7
‘4 Coupler, Digit Switches, S1, S4, R6 104505 89536 104505 11
5 Coupler, S3 246058 89536 246058 1
6 Coupler, S1 shaft to S1 wafer 200592 89536 200592 1
7 Cover (not illustrated) 228809 89536 228809 1
8 Detent, S1 240895 89536 240895 1
9 Detent, Digit Switches 240887 89536 240887 7
10 Dial, 0-10 226993 89536 226993 1
11 Dial, 0-X 226985 89536 226985 6
12 Foot, rubber (not illustrated) 103309 77969 9102w 4
13 Handle, chrome plated brass 101717 P5704 807 2
14 Knob, CURRENT LIMIT 190249 89536 190249 1
15 Knob, DIGITS 1-7 158949 B9536 158949 7

5-8 3/75
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REF STOCK MFR TOT|REC} USE
DESCRIPTION MFR I0
DESIG NO PART NO [QTY[QTY|CODE
16 Knob, METER, POWER, VOLTAGE 158956 89536 158956 3
RANGE
17 Knob, VOLTAGE TRIP
17a Concentric 162347 89536 162347 1
17b vernier 241018 89536 241018 1
17¢ trim disc 236950 89536 236950 1
18 Lens, decimal, clear 222596 89536 222596 3
19 Lens, decimal, red 228056 89536 228056 2
20 Link, shorting, copper 190728 24655 938LG 2
21 Panel, front 228775 89536 228775 1
22 Shaft, S3 (not illustrated) 227272 89536 227272 1
23 Shaft, S3 to front panel 240879 89536 240879 1
24 Shaft, S1 239392 89536 239392 1
25 Shaft, Digit Switches, S1, S4, R6 226928 89536 226928 10

5-9
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REF STOCK MFR TOT|REC| USE
MFR
DESIG DESCRIPTION NO PART NO |QTY[QTY|CODE
A1 CAPACITOR P/C ASSEMBLY 239343  [89536( 239343 REF
Figure 5-2 (332B-4055)
C1,C2 Cap, plstc, 1 uf £20%, 250V 190330 73445 C280AE/ 2
PIM
CR1, Diode, silicon, 1 amp, 100 piv 116111 05277 1N4817 REF
CR2

5-10

Figure 5-2. CAPACITOR PRINTED CIRCUIT ASSEMBLY
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REF STOCK MFR TOT|REC
DESCRIPTION MFR | USE
DESIG , NO PART NO |QTYQTY|CODE
A2 SAMPLE STRING P/C ASSEMBLY 314849 89536 1314849 REF
Figure 5-3 (332BJAF-
4051)
R1, R2 Res, met flm, 342 +1%, 1/8w 296699 91637 [TYPE MFF1/8} 2
R3, R4 Res, met flm, 202 +1%, 1/8w 236844 91637 |TYPE MFF1/8] 2
R5, R6 Res, var, cer met 5082 +20%, 1/2w 267815 71450 |190PC500B 2
R7, RS,
R9,RI0, Res, var, cer met 2082 +20%, 1/2w 261180 71450 }190PC200B 6
R11,R12
R13
Jthru Res, met flm, 102 +1%, 1/8w 268789 91637 |ITYPE MFF1/8] 12
R24
R2S Res, 997.52, matched set [T [sosie| [T> |
FR% Res, 1996.5K2, matched set > l> 1
R27,R28 Res, 3.995k, matched set - > 89536 D 2
R29
thru Res, 19.985k, matched set > 89536 I> 7
R35
R36
|thru Res, 99.925k, matched set > 89536 i> 11
R46
R47 Res, var, cer met, 10082 +20%, 1/2w 267823 71450 {190PC101B 1
R48 Res, var, cer met, 20082 +20%, 1/2w 284711 71450 |190PC201B 1
R49,R50 Res, var, cer met, 50082 +20%, 1/2w 267849 71450 {190PC501B 2
RS51 Res, met fim, 10092 £ 1%, 1/8w 168195 91637 ITYPE MFF1/8] 1
RS2 Res, met flm, 2002 1%, 1/8w 245340 91637 |TYPE MFF1/8] 1
R53, R4 Res, met flm, 348 +1%, 1/8w 236778 91637 |ITYPE MFF1/8}] 2
R55 Res, ww, 22 +0.2%, 1/10w 131870 89536 131870 1
RS6 Res, ww, 12 £2%, 1/10w 131888 89536 1131888 1
R57, R58 Res, ww, 482 +.015%, 1 /4w 313809 89536 {313809 2
R59 Res, ww, 102 £9%, 12w 155879 89536 1155879 1
R60 Res, ww, 2092 +5%, 1 /2w 155887 89536 {155887 1
R61,R62 Res, ww, 4082, 1/2w 158022 89536 [158022 2
R63 Res, ww, 10082 £0.15%, 1/2w 155846 89536 |155846 I
R64 Res, ww, 2002 £0.15%, 1w 131656 89536 131656 1
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oesic ik “No || eant no farviarvicone
Iligtsi , Res, ww, 4002 +0.25%, 1/2w 131698  |89536 131698 2

S1

ggu Switch, rotary, sample string 313023 76854 249 6 |

S7 Switch, assembly, seventh decade 291021 89536 291021 1

(R67 thru R76 included)

5-12
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SAMPLE STRING PRINTED CIRCUIT ASSEMBLY
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pesic DESCRIPTION “No|"¥A | partno farvjarvicone
A3 CAPACITOR SWITCH P/C ASSEMBLY 227603 89536 227603 REF
Figure 5-4 (335A4092)
Cl1 Cap, elect, 400 uf +50/-10%, 25V 168153 73445 | C437ARF400| 1 1
CR1 Diode, silicon, 1 amp, 100 piv 116111 05277 1N4817 REF
K1 Relay, reed, 1,000V 233916 12617 | Type DRR-5 1
Coil, reed relay, 24V 186155 71707 | SP-24-P 4
Q1 Tstr, silicon, NPN 203489 07910 | CDQ10656 17 5
R1,R6 Res, comp, 1002 £10%, 1/2w 108100 01121 | EB1011 2
R2 Res, comp, 15k +10%, 1/2w 108530 01121 | EB1531 2
R3 Res, comp, 4702 +10%, 1/2w 108415 01121 | EB4711 2
R4 Res, comp, 10k +10%, 1/2w 108118 01121 | EB1031 4
RS Res, comp, 1k +10%, 1/2w 108563 01121 | EB1021 REF
R7 Res, comp, 39k +5%, 1w 236729 01121 | GB3935 1

514

Figure 5-4.

CAPACITOR SWITCH PRINTED CIRCUIT ASSEMBLY
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REF STOCK MFR TOT|REC| USE
DESCRIPTION MFR
DESIG NO PART NO [QTY[QTY|CODE
A4 RANGE CALIBRATION P/C ASSEMBLY | 314856 89536 B14856 REF
Figure 5-5 (332B/AF-
4052)

1 Res, var, cer met, 2082 +20%, 1/2w 261180 [71450 [190PC200B | 1

2, R3 Res, ww, 7.492k, matched set [> 89536 l> 2

4 Res, met flm, 20Q +1%, 1/2w 296350  [91637 [TYPE MFF1/8| 1

5 Res, var, cer met 20082 £20%, 1/2w 284711 71450 [190PC201B 1

6, R7 Res, ww, 74.925k, matched set [T> fos3s ‘> 2

8 Res, met flm, 20082 +1%, 1/2w 151480  |91637 [TYPE MFF1/8] 1

9 Res, var, cer met, 2k +20%, 1/2w 267864 71450 [190PC202B | 1

o, RIl Res, ww, 749.25k, matched set [T> feos3e = |

12 Res, met flm, 2k £1%, 1/2w 151266  [91637 [[YPEMFF1/2| 1
T1 Test point, red 170480  [74970 f105-752 1
T2 Test point, black 149112 74970 [105-0753 1

Factory matched for resistance accuracy and temperature coefficient. When ordering, include all

information stamped on the resistor (if not legible include information on adjacent resistors) in
addition to the information requested in paragraph regarding obtaining parts.

T1 T2 n ﬂ
R10 R11

R2

Figure 5-5.

RANGE CALIBRATION PRINTED CIRCUIT ASSEMBLY
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REF : STOCK MFR TOT|REC] USE
MFR
DESIG DESCRIPTION NO PART NO lQTYlQTY|CODE
A5 MAIN MOTHER BOARD 219238 89536 219238 REF
P/C ASSEMBLY - Figure 5-6 (335A-4064)
C1 Cap, plstc, 0.1 uf £20%, 200V 106435 56289 | 192P10402 3
DS1, Lamp, neon 185017 74276 NE-7 2 5
DS2
R1 Res, met flm, 23.7k +1%, 1/2w 169383 75042 | Type CEC-TO| 2
R2 Res, met flm, 25.5k £1%, 1/2w 219006 75042 | Type CEC-TO| 1
R3 Res, met flm, 267k +1%, 1/2w 218990 75042 { Type CEC-TO| 1
R4 Res, met flm, 274k +1%, 1/2w 218982 75042 | Type CEC-TO} 1
légthru Res, car fim, 1.82M +1%, 1/2w 219089 75042 | Type C12 3
R8 Res, comp, 1k £10%, 1w 109371 01121 |GB1021 1
R9 Res, comp, 4709 £10%, 1w 109710 01121 |GB4711 1
J1
thru Connector, female, 16 contact 187732 91662 | 00-5009-016- 8
J6 153-001
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Figure 5-7. REFERENCE SUPPLY PRINTED CIRCUIT ASSEMBLY
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REF TOC
DESCRIPTION S K MFR MFR TOT|REC] USE
DESIG NO PART NO [QTY[QTY|CODE
ASAl REFERENCE SUPPLY P/C ASSEMBLY | 314864 89536 14864 REF
Figure 5-7 (332B/AF-
4083)
Al IC, Operational amplifier 313106 MOTO-&VIC1723CG 1
ROLA
A2 IC, Operational amplifier 271502 12040 |LM301A 1
A3 Ref amp with oven 248914 101295 BST1-2 1
C1 Cap, mica, 510 pf +5%, 500V 148411 14655 CD19F511J 1
C2 Cap, mica, 27 pf £5%, SO0V 177998 14655 CD15F221] 1
C3 Cap, plstc, 0.1 uf £10%, SOV 271866 06001 [7SF2R5A104 | 1
1 Tstr, Si, NPN 203489 07910 CDQ10656 1
2, R4, Res, var, cer met, 10k £20%, 1/2w 267880 71450 [190PC103B 3
6
TA,
7B, Res, ref amp, matched set (R7A is always 314971 89536 B14971 1
13 9k res)
8,R10 Res, ww, S0 +.06%, 1/2w 238493 89536 38493 2
9 Res, var, cer met 502 +20%, 1/2w 267815 71450 190PCS00B 1
11 Not used
12 Res, met flm, 2.94k £1%, 1/2w 247528 91637 [TYPE MFF1/2| 1
14 Res, met flm, 6.34k +1%, 1/2w 218636 91637 [TYPE MFF1/2] 1
15 Res, met flm, 8.66k +1%, 1/2w 247957 91637 [TYPE MFF1/2| 1
16 Res, met flm, 16.9k +1%, 1/2w 198275 91637 [TYPE MFF1/2] 1
17 Res, met flm, 7.15k +1%, %bw 186072 91637 [TYPEMFF 1/ 1
18 Res, met flm, 4.99k £1%, 1/2w 148890 74970 {105-0753 1
19 Res, comp, 332 +5%, 2w 161497 01121 [HB3305 1
R20 Res, comp, 1.5 £5%, 1/2w- 246793 01121 |[EB15G5 1

3/75 5-19
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SERIES PASS DRIVER PRINTED CIRCUIT ASSEMBLY
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332D
REF STOCK MFR TOT|RE
DESCRIPTION MFR OT|R CI USE
DESIG NO PART NO |QTYJQTY|CODE
AbBA2 SERIES PASS DRIVER P/C 219154 89536 219154 REF
ASSEMBLY - Figure 5-8 (335A-4056)
C1 Cap, plstc, 0.47 uf £20%, 250V 184366 73445 | C280AE/P470] 1
C2 Cap, Ta, 2.2 uf £10%, 20V 160226 05397 | K2R2C20K 1
C3 Cap, plstc, 0.1 uf £20%, 200V 106435 56289 | 192P10402 REF
C4 Cap, plstc, 0.22 uf +10%, 80V 159392 56289 | 192P2249R8 1
C5 Cap, Ta, 15 uf £10%, 20V 153056 05397 | K15C20K 2
CR1,
CR2,
CR4,
CR6 Diode, silicon, 1 amp, 100 piv 116111 05277 1IN4817 REF
thru
CR9,
CR13,
CR15
CR3, Diode, zener, 10v 113324 07910 IN961A 2 1
CRS
CR10,
CR11, Diode, silicon, 150 ma, 6 piv 113308 07910 {CD13161 3
CR12
CR14 Diode, zener, 4.3V 180455 07910 IN749A 1 1
P1 Connector, male, 16 contact 187724 91662 | 02-016-013- | REF
5-200
Q1,04 Tstr, tested, silicon, PNP 159491 89536 159491 11 2
Q6, Q8
Q2, Qs, Tstr, silicon, NPN 203489 07910 | CDQ10656 REF
Q7
Q3 Tstr, silicon, NPN 183004 95303 40250 1
R1,R4 Res, met flm, 4.02k +1%, 1/2w 167478 75042 | Type CEC-TO| 2
R2 Res, var, ww, 2k £10%, 1-1/4w 198416 71450 | Type 110 1
R3 Res, comp, 2.7k +10%, 1w 109496 01121 GB2721 1
R5,R13 Res, var, ww, 3k £20%, 1-1/4w 149781 71450 | Type 110 2
R6 Res, met flm, 5.62k +1%, 1/2w 219014 75042 | Type CEC-TO| 1
R7 Res, comp, 100k £10%, 1/2w 108126 01121 | EB1041 3
R9 Res, comp, 2.4k +5%, 1/2w 108902 D1121 |EB2425 1
R10, Res, comp, 472 +£10%, 2w 144352 01121 |HB4701 2
R11
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pEsic DESCRIPTION "No . |"¥"| earr no farviaricone
R12 Res, comp, 36k +5%, 1/2w 185991 01121 | EB3635 4
R14 Res, met flm, 1k +1%, 1/2w 151324 75042 | Type CEC-TO] 1
R15 Res, met flm, 221k +1%, 1/2w 182527 75042 | Type CEC-TO| 3
R16 Res, comp, 3.9k +10%, 1/2w 161406 01121 | EB3921 1
R17 Res, comp, 20k +5%, 1/2w 109041 01121 | EB2035 3
R18 Res, comp, 16k +5%, 1/2w 159632 01121 | EB1635 3
R19 Res, comp, 10k +10%, 1/2w 108118 01121 | EB1031 REF
R20 Res, comp, 27k +5%, 1/2w 186023 01121 | EB2735 1
R21 Res, comp, 22092 +5%, 1/2w 186031 01121 | EB2215 1
R22 Res, met flm, 102 £1%, 1/2w 151043 75042 | Type CEC-TO 1
R23, Res, comp, 47k +5%, 1/2w 108738 01121 | EB4735 2
R25
R24 Res, comp, 62082 +5%, 1/2w 108704 01121 | EB6215 2
R26 Res, comp, 18082 £10%, 2w 155457 01121 | HB1811 1
R27 Res, comp, 2k +5%, 1/2w 169854 01121 | EB2025 2
R28 Res, comp, 8.2k +5%, 1/2w 147777 01121 | EB8225 2
Heat sink 186759 89536 186759 1
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A gl ) ey s

ABA3 DIFFERENTIAL AMPLIFIER 219162 89536 219162 REF
P/C ASSEMBLY - Figure 5-9 (335A-4057)

Ci1 Cap, plstc, 0.1 uf £10%, 50V 150318 56289 | 194P1049R5 1

Cc2 Cap, mica, 510 pf +5%, 500V 148411 88419 | CD19F511J 2

C3 Cap, Ta, 15 uf +10%, 20V 153056 05397 | K15C20K REF

c4 Cap, elect, 250 uf +50/-10%, 40V 178616 73445 | C437ARG250] 1 1

cs Cap, mica, 27 pf £5%, 500V 177998 88419 | CD15E270] 1

CR1

thru Diode, silicon, 1 amp, 100 piv 116111 05277 1IN4817 REF

CR13

CR14 Diode, zener, 10V 113324 07910 IN961A |REF

CR15 Diode, silicon, 1 amp, 100 piv 116111 05277 1N4817 REF

P1 Connector, male, 16 contact 187724 91662 102-016-013- |REF

5-200

Q1 Tstr, silicon, NPN 177105 07263 2N3565 5

Q2 Tstr, FET, silicon N-channel 166223 15818 U-1249 2

Q3 Tstr, silicon, PNP 190389 04713 SM4144 REF

(03 Tstr, tested, silicon, NPN 198812 89536 14805-198812 | 2 1

Q5,Q7 Tstr, silicon, PNP 190389 04713 SM4144 2

Q6 Tstr, tested, silicon, NPN 198812 89536 198812 1

Q8 Tstr, silicon, NPN 203489 07910 |[CDQ10656 |REF

Q9, Q14 Tstr, silicon, PNP 183558 04713 2N3250 3 |

81z

R1 Res, comp, 22k +5%, 1/2w 186064 01121 EB2235 3

R2,R3 Res, comp, 1002 +5%, 1/2w 188508 01121 EB1015 6

R5,R6

R4 Res, ww, 10k £0.2%, 1/4w 112177 89536 112177 1

R7,R30 Res, comp, 1k +5%, 1/2w 108597 01121 EB1025 10

R8 Res, comp, 3.3k +5%, 1/2w 165761 01121 EB3325 4

R9 Res, comp, 3k +5%, 1/2w 109090 01121] EB3025 2
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DIFFERENTIAL AMPLIFIER PRINTED CIRCUIT ASSEMBLY
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REF STOCK MFR TOT|REC| USE
DESCRIPTION MFR
DESIG NO PART NO |QTY[QTY|CODE
R10 Res, comp, 510Q +5%, 1/2w 108951 01121 EB5115 1
R11 Res, comp, 22M +10%, 1/2w 108233 01121 EB2261 1
R12 Res, comp, 6.2k +5%, 1/2w 108621 01121 EB6225 3
R13 Res, comp, 2.2k +5%, 1/2w 108506 01121 EB2225 2
R14 Res, comp, 1.2k +10%, 1/2w 108803 01121 EB1221 1
R15 Res, met flm, 100k +1%, 1/2w 151316 75042 | Type CEC-TO| REF
R16, Res, met flm, 221k +1%, 1/2w 182527 75042 | Type CEC-TO| REF
R20
R17, Res, met flm, 40.2k +1%, 1/2w 161059 75042 | Type CEC-TO| 2
R21
R18, Res, met flm, 750 +1%, 1/2w 150870 75042 | Type CEC-TO| 2
R19
R22 Res, met flm, 6.04k +1%, 1/2w 162586 75042 | Type CEC-TO| REF
R23 Res, met flm, 42.2k +1%, 1/2w 182501 75042 | Type CEC-TO| 1
R24 Res, met flm, 9.09k +1%, 1/2w 151258 75042 | Type CEC-TO| 1
R25 Res, met flm, 15k £1%, 1/2w 151498 75042 | Type CEC-TO| 1
R26 Res, met ﬂm, 1.58k +1%, 1/2w 182543 75042 | Type CEC-TO| 2
R27
R28 Res, met flm, 9.76k +1%, 1/2w 182485 75042 | Type CEC-TO| 3
R29 Res, comp, 10k +5%, 1/2w 109165 01121 EB1035 2
R31 Res, comp, 2k +5%, 1/2w 169854 01121 EB2025 REF
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pEsiC DESCAIPTION Vo || eant no farvjarvicone
A5 A4 CHOPPER AMPLIFIER ASSEMBLY 251918 89536 [251918
Figure 5-10 (333A4004) .

C1 Cap, plstc, 0.1 uf £10%, 250V 161992 73445 C280AE/Al(I)Iﬂ 1

C2,C3 Cap, plstc, 0.0068 uf +20%, 200V 106070 56289 |192P68202 2

C4 Cap, plstc, 0.047 uf £10%, 250V 162008 73445 |C280AE/MTK | 1

C5 Cap, mica, 4 pf +5%, SO0V 190397 14655 [ICD15C040K 1

C6 Cap, mica, 640 pf £5%, 500V >215251 14655 ICD19F6405 1

C7,C13 Cap, elect, 5 uf +75/—10%, 25V 152009 56289 BOD505G025 | 2
[BA4

C8, C21 Cap, elect, 50 uf +50/—10%, 25V 168823 73445 IC426 ARF50 2

C9, C23 Cap, elect, 100 uf +75/—10%, 3V 106534 56289 BOD107G003 | 2
ICB4

C10 Cap, mica, 220 pf +5%, S00V 170423 14655 [CD15F221J 1

C11 Cap, cer, 100 pf £10%, 1 kV 105593 71590 |DD-101 1

C12 Cap, mica, 5 pf +10%, 500V 148577 14655 [CD15C050K 1

C14,C16 Cap, Ta, 33 uf £10%, 10V 182832 56289 {150D336X90 | 2
10B2

C15,C17 Cap, elect, 15 uf +75/—-10%, 6V 105700 56289 3OD156G006 | 2
BA4

C18 Cap, Ta, 100 uf £10%, 10V 170456 05397 [K100C10K 1

C19,C20 Cap, plstc, 0.015 uf £2%, 100V 233577 02799 |1PC-153-G 2

C22 Cap, Ta, 0.47 uf +20%, 35V 161349 56289 [196D474X00 | 1

S

CR1 Diode, zener, silicon 266601 07910 P1N965B 1

CR2

thru Diode, silicon, 150 mA 203323 03508 [DHD1105 8

CR9

JIC1 IC, operational amplifier 246603 07263 JUSB770939X | 1

Q1 Tstr, MOS FET, P-channel 226043 07263 [FT704 1

Q2 Tstr, FET, N-channel 271924 07910 [CFE13041 1

Q3 Tstr, silicon, PNP 195974 04713 [2N3906 1

Q4 Tstr, silicon, PNP 288761 49956 |RS2048 1

Q5 thru Tstr, silicon, NPN 218396 04713 |2N3904 3

Q7
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[ToT]rec] use

DREES::G DESCRIPTION STl\?OC ‘ MFR PAl::iRNO TYQTY|CODE
Res, comp, 51k +5%, 1/4w 193334 01121 [CBS135 1
Res, comp, 100k 5%, 1/4w 148189 01121 [CB1045 3
Res, met flm, 604k +1%, 1/2w 182493 91637 [TYPE MFF1/2| 1
Res, comp, 1092 £5%, 1/4w 147868 01121 [CB1005 1
Res, met flm, 604k +1%, 1/2w 182493 91637 LI'YI’E MFF1/2] 1
Res, comp, 3.3M £5%, 1/4w 208389 01121 [CB3355 1
Res, comp, 13k +5%, 1/4w 221598 01121 [ICB1335 1
Res, comp, 20082 +5%, 1/4w 193482 01121 [CB2015 3
Res, comp, 22k +5%, 1/4w 148130 01121 [CB2235 5
Res, met flm, 34k £1%, 1/2w 151241 91637 [TYPE MFF1/2| 2
Res, comp, 10M 5%, 1/4w 194944 01121 [CB1065 1
Res, comp, 1.5k £5%, 1/4w 148031 01121 [CB1525 1
Res, met flm, 301 +1%, 1/2w 167494 91637 |TYPE MFF1/2] 1
Res, met flm, 8.06k £1%, 1/2w 159467 91637 ITYPE MFF1/2] 1
Res, met flm, 68.1k £1%, 1/2w 161083 91637 [TYPE MFF1/2] 1
Res, comp, 68k +5%, 1/4w 148171 01121 |CB6835 1
Res, comp, 24k + 5%, 1 /4w 193425 01121 [CB2435 1
Res, met flm, 10k £1%, 1/2w 151274 91637 [TYPE MFF1/2| 2
Res, comp, 33k £5%, 1/4w 148155 01121 |CB3335 1
Res, comp, 10k +5%, 1/4w 148106 01121 [CB1035 1
Res, comp, 36k +5%, 1/4w 221929 01121 |CB3635 1
Res, comp, 18k +5%, 1/4w 148122 01121 [CB183S5 1
Res, comp, 56082 5%, 1/4w 147991 01121 [CB5615 1
Res, comp, 47k 5%, 1/4w 148163 01121 [CB4735 1
Res, comp, 180k 5%, 1/4w 193441 01121 [CB1845 1
Res, comp, 8.2k +5%, 1/4w 160796 01121 [CB8225 1
Res, comp, 15k +5%, 1/4w 148114 01121 [ICB1535 1
Res, met flm, 4.22k +1%, 1/2w 223396 91637 ITYPE MFF1/2] 1

3/75
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oesic DESCRIPTION "No_|M*®| part no larviarvicone
R34 Res, var cer met, 5k +20%, 3/4w 159905 73138 [78PR5K 1
R35 Res, met flm, 24.3k £1%, 1/2w 217430 91637 [TYPE MFF1/2| 1
R36, R38 Res, met flm, 187k £1%, 1/8w 289462 91637 [TYPE MFF1/2| 2
RA43 Res, var, comp, 10k +30%, 1/4w 223131 [37942 [TYPE MTC 1

Connector, male, 16 contact 187724 91662 102-106-013-5- | 1

200
Cover, chopper 251751 89536 [251751 1
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Figure 5-10. CHOPPER AMPLIFIER PRINTED CIRCUIT ASSEMBLY
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REF STOCK MFR TOT|REC| USE
DESCRIPTION MFR
DESIG NO PART NO |QTY|QTY|CODE
ABAbS AUXILIARY POWER SUPPLY P/C 219188 89536 219188 REF
ASSEMBLY - Figure 5-11 (335A-4059)
C1 Cap, Ta, 68 uf £+10%, 15V 182824 05397 | K68C15K<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>