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Addenda 
Model 332B/AF 

INTRODUCTKJN Accuracy of Output 

‘The Model 332B/AF is a special version of the Model 
332B. Subsequently, much of the information in tbe 
Model 3328 Instruction Manual is directly applicable. Any 
differences in the Model 332B/AF are described in this 
Addenda. 

Accuracy specifications apply after ane hour warm-up at 
standard reference conditions of 23 (i)“C, up to 90% rel- 
ative. humidity, constant line voltage, and constant load. 

Relative Humidity 

‘0 to 90% 

SPECIFICATIONS Input Power 

Electrical and mechanical specifications are identical except 115/23OV ac ilO%, 50 to 60 01 400 Hz, single phase. 
Approximately 130 volt amperes under full load. 

FiBwe 1. MODEL 332BfAF OUTLINE DRAWING 



3328/AF 

OPERATING INSTRUCTIONS 

Operation of the Model 332B/AF is identical to the 
Model 332B. ,, 

THEORY OF OPERATION 

The follo$i& desciiptions are for assembliespeculiar,tothe 
Model 332B/AF. All other assemblies are described in 
Section III of the’ Model 332B manual. ,‘Schcmatic dia- 
grams fwtlic Model 332B/AF assemblies “e located at the 
rear of this Addenda. 

Voltage Control Circuitry 

REFERENCE SUPPI.Y. The master reference voltage fol 
the instrument is produced in the A5A1 $ef~ren~e,Supply 
(Schematic No. 3326/AP-1083). This assembly consists of 
a t15V dc rcfercncc supply,,an oven tsmparature regulator 
‘for the reference ‘supfilly, and divider networks foi compen- 
sation of, offset ,voltagcs when the output “is ,set tozero.. 

The Reference Supply is composed of differential tiplif;& 
U2 and zcncr reference ampliticr Al. The reference ampii- 
!-IN is enclosed in an oven which maintains a ccetant 
temperature for envirolmlental stability. Selection of the ” ‘,,,,,, 
values of R7A and R7B scales the output ofthe’Referencc 
Supply to t15v dc. Variable resistor R9 allows $justment 
of the resulting VREF output., Tcmpwatw~ +&.iait of 
the base/emitter voltage for Al is ic&rately ‘m&&d to 
the zcner clcmcnt through selection of R13. The resulting 
‘stablc rmference at thc’colbctor Of Al is applied tb the n&G 
inverting input of U2. The other input to, U2 receiycs an 
equivalent voltage from the divider, composed ,$f .R14 
and R15. Any ‘change in VREF is sensed at’tbe base of Al 
and the resulting amplified change applied to’the non- 
inverting input of U2. This change then alters tbe’ctinduc- 

,tion of ‘U2 such that VREF is main+ned at,+J!y,,dc.,’ 
‘Constant operating temperature for the reference ampli- 
fier Al is provided by the Oven Temperature Regulator 
Ql, Ul; and oven R21. The series.pass regulator eom- 

:poscd of Ql and Ul establishes a constant voltage acrw 
the heater, RX. Any variations in heater @ag~,?ssfi~~ 
‘by Ul and amplified. The re<ulting’&tput of Ul then 
,alters thb conduction of Ql to maintain a,constant voltage 
;~ctoss the heater, R2l. The he;+ clement o[,R& c,xw, 
:sists of a semiconductor material which l$m,oderatc con-: 
‘,ductivity at temperatures t&v Lspecific :stabilization 
,‘point and’ B marked decrease in conductivity as,f~e tcmp: 
;eratuxc hpproaches the stabilization point. Application of 
ii ‘Corrstbit ‘voliige to R21 pr&les ‘a’ fasf^w%iti-up ana 4 
much more Stabile operating tempe&&‘F!i : t’: ,” ! i.: 
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The dividers composed of Rl through R6 provide a bias 
voltage to one input of tb& ASA Chopper Amplifier. R2, 
R4, and R6 are adjusted to compensate for offsets in $e 
1OV; lOOV;’ and’ lOOOV’~anges when the outpwis“sct~to 
zero. 

SAMPLE STRING. The A2 Sample’ String (Drawing 
No, 332B/AP-1051) together with the selected range rc- 
sister in the A4 Range Cal forms a resisting divider whose 
ratio is controlled by the front panel decade dials. The out- 
put voltage of the Sample String is proportional to the 
tefercncc voltage multiplied by the ratio of the Sample 
String resistance to the A4 range resistance. 

RANGE RESISTORS. The A4 Range Cal (Drawing No. 
332B/AF-1052) provides three separate adjustable range 
resistors. These resistors together ,tith the, A2, Sample 
String form a resistive divider which determines the out- 
put voltage of the instrument. 

CHOPPEk AMPLIti&‘, +he ,AS& ~Clmp&&&ficr 
@a&g ,“o., 332B/AE-ld58):c?mpares lbwfr~quency and 

’ & conirol signali f& the A2 S&&e String output to,ibe 
+SENSE terminal voltagc and amplifies any difference. 
The circuitry consis?s of an input filter, a MOSFET chop 
per, an operational amplifier, a synchronotis dem,odul+r, 
an output f&r, and a multivibrator. 

,, 
Low frequency and dc control signals at terminal 6 hie 
passed through the input fiiter C2, Ul, and C3 to reject fre- 
quencies above ,3p Hz. The MOSFET chopper Ql modu- 
‘laws &L Signal appearing at the junction of its drain and 
R2. C4 couples the resultarit to the gate of JFET Q2. The 
output sig$ ,at, & &An ‘of Q2, is ,tlien amplified by the 
operational ,::&nplif$ @T?: ,,&ii& has ::L gain of appro% 
imately 420. Tbe ,xraphase amplifier’ Q3 amplifies the 
output of: IC1’ ‘and’ provides two equal amplitude, but 
180° out&pha& signals.’ The collector signal of 93 is 
coupled by Cl6 to the shuet deniodulator Q4. The result- 
ing demodulated signal, appearing at the junction of Cl7 
and,R24 is Ntered by R24, R26 and Cl& leaving only the 
amplified dc and low frequency signals. The emitter 
sigtial’bf Q3,is applied through C14, R21, C15, R25, R23, 
and C22 to Cl& where it is used to cancel any chopper 
ripple at 270 Hz. 

The 270 Hz, multivibrator is formed by 46, 97 and as- 
sociated timifig nctworks,~in addition to a driver QS. Var- 
iibic, ~$i$orlR43 adjusts the level of the signal applied to 
the driverQ5,, and’subsequen~ly the output signalapplied 
tb 016 &e’of Ql’. The’C&ctor signal’of Q5 is applied to 

“the dmlii ‘of Ql ‘to ,compsnsate for spikes coupled between 



the gate and drain. Variable resistor R34 provides adjuit- 
merit of the compensation signal. An output signal at the 
collector of Q7 is applied to the base of Q4, which, syn- 
chronously demodulates the Chopper Amplifier output. 

SERIES PASS. The A7A1 Series Pass (Drawing No. 
332B/AE-1061) contains the series-pass transistors which 
control the output voltage. It also contains a volttige con- 
trolled oscillator (VCO) and control amplifiers which are 
part of the preregulator, a power supply, and an auto- 
matic “crowbar” driver. 

The power supply composed essentially of CR1 through 
CR4 produces the required operating voltages for the Series 
Pass circuky. AC voltage at terminals 8 and 9 is rectified 
by CR1 through CR4 to provide an unfiltered positive volt. 
age. This voltage is isolated by CK5 and fiitered by C2 to 
provide a +lSOV dc operating voltage for the series-pass 
transistors. The voltage divider of Rl through K3 and 
zener CR6 produces a clipped, full-wave rectified 16V syn- 
chronizing signal for the vco. 

Output vcltage of the instrument is established and main- 
tained by the series-pass transistors, Ql through QS. ‘Ihe 
transistors Ql through 97 are normally saturated an& Q8 
is absorbing the total voltage required to maintain the cut- 
put of the instmmeht. However, when the output level OI 
load current is changed and the voltage BCIOSS QS exceeds 
15OV, Ql through Q7 absorb the additional voltage. The 
preregulator circuitry then reduces the output of the A7 
H.V. Mother Board until the voltage across QS is less than 
15OV. When this condition is reached, Ql through Q7 
again saturate and QS absorbs the total regulation voltage. 

The automatic “crowbar” consisting of QlO monitors the 
total voltage drop aucss the series-pass transistors. Load 01 
output changes that cause the voltage auoss the scriespass 
to exceed 225V will cwx QlO to conduct. Its conductior) 
energizes K2 on the A7 H.V. Motor Board and places a 
load auoss the high voltage rectifier, thus limiting the volt- 
age across thhe series-pass transistors. 

Wnijunction transistor Q9 and C3, L3, R37, CK18, R35, 
and CR19 form a VCO which furnishes turn off pulses tc 
the preregulator eircuitr$. This VCO is synchronized to 
the ac line zero crossing through amplifiers Qll and Q12. 

A clipped 16V pulse is rectified by CR32 and C5 tc pm- 
vide operating voltage for the base of the VCO, Q9., This 
voltage is clamped to zero during the ac line zerd interval 
by amplifiers Qll and Ql2. The divider composed of R36 
and R42 provides a sample of the clipped 16V pulse at the 

base of Ql2. When the pulse is at OV, Ql2 produces,an 
amplified positive pulse at its colledtor. This pulse is dif. 
fersntiated by C4 and R41 and the resulting positkspike 
momentarily turn$ on Ql 1. Ccndticticn of Ql 1 ,clamps the 
output of rectifier CR32, C5 to zero, thus synchronizing 
the output of Q9 to the ac line zero crossing. The output 
pulses from Q9 BIB dependent upon the voltage charge on 
C3. The voltage is sensed across QS, ,througb :the divider 
consisting of L3, K37, R35, CR18, andCR19: If,thisv,olt- 
age increases. Q9 will produce a preregulator turn off pulse 
earlier in the ec line cycle, thus reducing the BC power 
available to the A7 H.V. Mother Board. Conversely, should 
the voltage across Q8 decrease, the ac power to the Al 
H.V. Mother Board is increased. ,, 

PREREGUTOR. The A7A2 Preregulator (Drawing’~No. 
332B/AF-1082) controls the ac pcwer supplied tc the: in- 
strument by passing only enough power to thf A7 B.V. 
Mother Board to meet the output load requirement. It 
consists of a fV supply, a relay power supply. pre- 
regulator control drivers, a preregulatcr bridge,,and & cti- 
rent limiter, 

fV and tlOV dc operating voltages are produced, for the 
A7A2 Preregulator by the rectifier CR1 through CR4 and 
associated ccmponsnts. A 1OV ac input is applied to CR1 
through CR4. The dc output at,the junction of CR?! and 
CR4 is Wered by C3 to provide a -V operating voltage. 
,The dc voltage at the junction of CK3 ,and CR1 is he&y 
loaded by Kl to provide an unfiltered +V operating volt- 
age. This voltage is also isolated through CR5 and filtered 
by C4 to provide B +lOV dc operating voltage. 

Operating voltage for relay Kl, which supplies ac voltage 
to the preregulator bridge, is produced by bridge fectifi& 
CR6 through CR9 and K2. AC return for the bridge rccti- 
tier is provided through the contacts of K2, This relay is 
energized only in the OPR mode by a control voltage from 
the MA2 Series Pass Driver.,, The A5A2 Series Pass Driver 
automatically ~emcve~ the control voltage from K2 should 
a VOLTAGE TRlP occw, thus removing ae, power tc the 
preregulator bridge and establishing a STDBY :,conditicn. 

The circuitry consisting of 92 through Q9 coiwqls the ccn- 
duction of the preregulatcr bridge altenuator, Ql. Input 
pulses from the VCO in the A7Al Series Pass are supplied 
to terminal 14 and the base of 97. The fvst P+e turns on 
,Q7 and Q6, which through regenerative action, :satur&. 
This conditiowturns off QS,and cause@4 and, Q8,to also 
turn off.:, Q9 is subsequently turned cn,by the -,V coll+cr 
voltage of,98 and provides a negative voltage at the base of 
Q2. 
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332WAF: 

This condition turns off 92 and also Ql , thus causing the 
preregulator bridge of CR10 through CR13 and Ql to pro- 
vide maximum attenuation to the ac voltage ipplied to the 
A7 H.V. Mother Board. When the ac lint passes through 
zero, the OV, +V condition 81 the emitter of Q6 causes it tc 
turn off and also turns off Q7. This condition reverses the 
previously described state of each transistor and the pre- 
regulator bridge again passes the ac line voltage to the A7 
H.V, Mother Board. 

AC line voltage applied to T2 and subsequently the A7 
H.V. Mother Board is controlled through the preregulator 
bridge consisting of CR10 through CR13 and Ql. The pre- 
viously described circuitry of Q2 through Q9 controls con- 
duction of Ql. Diodes CR10 through CR13 provide a uni- 
directional current through Ql. Positive alternations are 
passed by CR10 and CR13. CR12 and CR1 1 pass negative 

‘alternetions. Should Ql be Cut off, C6 and R5 provide a 
dynamic load for the bridge. Overload current protection 
for Ql is provided through divider R2, R8, and R9 and Q3. 
Should the current through Ql exceed 17 amperes, the 
voltage at the base of Q3 turns it on and causes Q6 to satu- 
rate. This condition cauw Ql to be cut off, thus limiting 
the current through the prequlator bridge. 

MAINTENANCE 

In general, the procedures given in Section 4 of the Model 
332B manual are applicable for servicing the Model 

332B/AF. Any differences are described in the following 
paragraphs. 

Unique Maintenance Procedures 

‘Ihe information regarding Shielded Capacitors is not sppli- 
cable to the Model 332B/AF. 

Performance Tests 

LINE REGULATION. This test is applicable to the Model 
332B/AF. However, the tests are made with the line volt- 
age settings of 100, 117, and 130V ac and the resulting out- 
put voltage change should not exceed the tolerance speci- 
fied in Figure 2. Check at 60 and 400 Hz. 

LOAD REGULATION. These checks are applicable to the 
Model 332B/AF except that they are performed at a nomi. 
ml, fixed line voltage of 117V ac only. Refer to Figure 3 
for specification limits. Check at 60 and 400 Hz. 

RII’PLE. The ripple test determines if ac component super- 
imposed on the dc output of the Model 332B is within 
specified limits. 

Connect the preamplifier to the OUTPUT termi- 
nals of the Model 332B/AF. Connect the Model 
931 WMS Voltmeter to the outp”t of the pream- 
p1if-U. 

I-++-- 
10 
100 
loo 
1000 
1000 

I READOUT I LOAD (50 ma) 
1 am 
10 2oo.Q 
IO 2ocln 
loo mom 
100 2ooos1 
1000 20,WO~ 

Figure 2. CONTROL SETTINGS, LOAD REWIREMENTS, AND LIMITS FOR LINE REGULATION 

c RANGE READOUT LOAD{50 ma1 SPEC. 

10 1 2051 AE< 10~ 

10 IO moi-2 AE<~OW 
100 10 2oosl AE< 20 uv 
100 100 2noosl AE< 200 uv 
1000 1W 2oclcKl AE< 200 UY 
1000 1000 20,wO~ AE< 2.0 mv 

Figure 3. CONTROL SETTINGS, LOAD REDUIREMENTS, AND LIMITS FOR LOAD REGULATION 
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b. Set the front panci Controls ofthe Model 332B/AF 
as follows: 

POWER STDBY/RBET 
METER CURRENT 
RANGE 10 
Readout Dials All Zero 
VOLTAGE TRIP 1000 
VERNIER Clockwise 
CURRENT LIMIT Clockwise (60) 

c. With the autotransformer SC, to nominal line volt. 
age (117V ac), set the POWER switch to OPR. 
The ,ripple output on the Model 332B/AF should 
not exceed 20 microvolts. 

NOTE! 

d. 

h. 

j.’ 

k. 

Set the readout dials to 10 volts. The ripple out. 
put on the Model 332BIAF should not exceed 20 
microvolts rms. 

Connect the 20O&n1 load resistor to the OUT- 
PUT terminals. The, ripple output on the Mods1 
332BIAF should not, ,yceed 20 microvolts rms. 
Disconnect the load resistor. 

Set the readout dials fo zero, arid set the RANGE 
switch to 100. The ripple output on the Model 
332B/AF should ncit exceed 30 microvolts mis. 

Set the readout dials to 100 volts. The ripple out- 
put on the Model 332B/AF should not exceed 30 
microvolts rms. 

Connect the 2,000~ohm toad resistor to the OUT- 
PUT terminals. The ripple output on the Model 
332B/AE &ould not exceed 30’microvolts: rms. 
Disconnect the load resistors. 

Set the readout dials to zero, and set the RANGE 
switch to 1000. The ripple output on the Model 
33281AF ihould not exceed 40 microvolts rms. 

Set the readout dials for iOOOV. Tbc ripple out- 
put on the Model 332/BAF shouid not exceed 40 
microvoIts rms. 

Connect a 20k-ohm load resistor to the OUTPUT 
terminals. The ripple output on fhe Model 

332BlAF 

332BIAF should not exceed 40 microvolts rms. 
Disconnect the load resistor. 

CURRENT LIMIT. This check is applicable to the Model 
332B/AF. However, the range’ of’ the current control 
should be from 0.5 to 60 milliamps. 

CALIBRATION 

Refer fo TB 9-4931-383-50 for Calibration 
Procedure. Paragraph 4-36 through, 4-56,,, 
pertains to the JF 332B/n M,odel and,, 
&uLd’ner. be used whctvcalibrating the 
YF 332B/AF,. 



Pages 6 through 11. have been deleted. 



3320lAF 

The table in Step c should read: 

ASSEMBLY PIN RESISTANCE 
(&w4 

Auxiliary Power Supply 9 8.4 kilohms 
Auxiliary Power Supply 10 3.9 kilohms 
Current Limiter 1 2.0 kllohms 
Currant Limiter 3 2.0 kilohms 

Unijunction Oscillator and Chopper Amplifier 

UNIJUNCTION OSCILLATOR. This check is applicable to 
the 332B/AF. However, it should be performed as follws: 

WARNING!, 

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

b. Set the POWER switch to STDBY/I(ESET. Posi- 
tive going pulses of 1.0 to 2.0 volts peak-io-peak 
should be observed. 

Dudng this procedure High Voltage is present 
at the terminals of all test instruments except 
the standard cell. When relocating the null indi- 
cator the output of the 332BIAF should be get 
to zero volts. 

CHOPPER AMPLl~IER. ‘IhiS check’ is not given in the 
332Bl332D manual. It’s purpose’is to check the alignment 
and response of the Chopper Amplifler in thi 332B/AF. 
An osdlompe and a get&d purpose supply are required 
for this test. To check alignment: 

8. 

TROUBLESHOOTING 
b. 

!&stance Measurements 

These checks an applicable to the 332B/AF. However, 
step b. should read: Remove the Pre-Regulator PCB Assem- 
bly and set the front panel controls as follows: 

C. 

12 

POWER OFF 
METER V 
VOLTAGE RANGE 1OOV 
VOLTAGE TRIP 1ooov 
VERNIER Fully Clockwise (CW) 
CURRENT LIMIT Fully Clockwise (Cw) 
Decade Dials so.ooqoo 

d. 

Install tic Chopper Amplifier assanibly on the ex- 
tendei card. Connect an oscilloscope to the base 
of Q3 on the Chopper Amplifier Board. The scope 
cmnm~n should be connected to Pin 13 of the 

‘card connector. Connect alip lead between Pin 6 
and.Pin 12 of the input connector. 

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

Adjust R34, CHOPPER COMPENSATION AlZh 
JUST for minimum noise amplitude. The,total 
adjustment range of R34 should provide a positive 
and negative pulse wing. If this is not satisfied, 
cu’t the jumper across R33 and again adjust R34. 
When correctly adjusted R34 will reduce the posi- 
tive going spike 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 the waveform 
should look like Figure 14. 

c. Replace the chopper board in the instrument. 

To check amplifier response: 

Connect the oscilloscope with a IOX isolation 
probe bctwccn 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. 

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

Set POWER switch to ON position. The pulses ob. 
scrvcd in step b. should disappear. 

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

With 332B/AF POWER switch in ON position, 
connect the lab supply to the corresponding OUT. 
PUT terminals of the 332B/AF. 

Set 332BlAF controls as follows and observe uni- 
junction pulses: 

Figure 14. CHOPPER WAVEFORM 

Range 

IOV 
IOV 
1 oov 
I oov 
IOOOV 
1 ooov 

Vialed Voltage 

5.000000 
6.000000 
05.00000 
04.00000 
005 .oooo 
006.0000 

Unijuttction Pulses 

Should appear 
Should disappear 
Should appear 
Should disappear 
Should appear 
Should disappear 

332BIAF 

Pre-Regulator 

This check applies to the 332B/AF. However, it should be 
performed as follows: 

b. 

c. 

d. 

e. 

f. 

h. 

i. 

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

Set the instrument front panel controls as follows: 

POWER 
RANGE 
VOLTAGE TRlP 
VERNIER 
CURRENT LIMIT 

OFF 
1000 
1000 
Maximum Clockwise 
Maximum Clockwise 

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

Connect the oscilloscope common t,o the emitter 
(blue) of Ql and connect the input to the base 
(yellow). (Ql is the stud-mounted power tmnsis- 
tar). Set the vertical input to WC, sweep speed to 
2 millisecond/cm and the vertical sensitivity to 0.5 
volt/cm. 

Set the readout dials to 50.0000 and the POWER 
switch to STDBY/RESET. The oscilloscope WEV+ 
form should appear as shown in Figure 4-16 of the 
3328/332D manual. (Figure 4-16 should read OS 
volts/cm.) 

Set the POWER switch to ON. The oscilloscope 
waveform should appear as shown in Figure 4-17 
of the 332B/332D manual. (Figure 4.17 should 
read 0.5 volts/cm.) 

Set POWER iwitch to STDBY/RESET and remove 
oscilloscope connections. Short out the interlocks 
using nylon blocks. Set POWER switch to ON. 
Voltmeter of 332BiAF should indicate SO *IO 
volts. 

Set RANGE switch to IO volt range. Voltmeter 
should indicate 5 i.1 volt. 

Set RANGE switch to IOOOvolt ran@. VOlhllctcf 
should indicate 500 +I00 volts. Set POWER 
switch to STDBYJRESET. 

13 



332BIAF 

Series Pass Element 

This check is applicable to rhc 332B/AF. However, it 
should bc pcrf1mcd as rollww: 

b. 

LINEVOLTAGE 2 115VAC.60Ht 

A 
2MSKM 

LINE VOLTAGE = IOOV AC, 60 Hz LINE VOLTAGE = IOOV AC, 60 Hz 

ZMSICM ZMSICM 

LINE VOLTAGE = 130V AC, 60 Hz 

Figure 16. WAVEFORMS ACROSS ZENER DIODE 

Range 

b 
10 
10 
1000 
1000 

Figure 16. SERIES PASS ELEMENT VOLTAGE CHECKS 



LIST OF REPLACEABLE PARTS d. 

INTRODUCTION. This section contains camplctc dcscrip- 

tions of those parts one might normally expect to rcplacc 

during the life of the instrument. The first listing is a 

breakdown of all of the major assemblies in the instrument. 

Subsequent listings itemize the components in each asscm. 

bly. Every listing is accompanied by an illustration identify- 
ing cnch component in the listing. Assemblies and subas- 

scmblics arc idcntificd by a reference designation beginning 

with the IFttcr A, (c.g. Al, etc.). Components arc identified 

by the schematic diagram reference designation (e.g. RI, 
ClO7, DSl). Parts not appearing on the schematic diagram 

are numbcrcd consecutively throughout the parts list with 

a whole number in arrow call+ut illustrations and are idcn- 

tified by index number only in grid illustration. Flagnotcs 

arti used throughout the parts list and refer to ordering 
explanations. The flagnotc explanations appear at the end 

of the parts list in which they arc Iistcd. 

Columnar Information 

The REF DESIG column indcxcs the item descrip 

tion to the associated illustration. In general lhc 

rcfcrence designations are listed under each asscm- 

bly in alphaaumeric order. Sub-assemblies of 

minor proportions arc somcrimcs listed with the 
assembly of which they arc a part. In this case, 

the reference designations for the components of 

the sub-assembly may appear out of order. 

h. 

i. 
b. The INDEX NO. column lists co-ordinate. which 

locate the dcsignatcd part on Ihc associated illus- 
trations. 

c. Talc DESCRIPTION column describes the salient 

characteristics of the component. lndcntion of the 

description indicates the rclutionship to other as. 

semblies, components, etc. In many C~SCS it is nec- 

essary to abbreviate in this column. Fur abbrcvia- 

lions and symbols used, set Appendix B. 

332B/AF 

The six-digit or the tendigit part number by 

which the item is identified at the John Fluke Mfg. 

Co., Inc. is listed in the STOCK NO. column. Use 

this number when ordering parts from the factory 

or authorized representatives. 

The Fcdcral Supply Code for the item manufac- 

turer is listed in the MFR column. An abbrevialcd 

list of Federal Supply Codes ifi included in the Ap- 
pendix. 

The part number which uniquely identifies the 

item to the original manufxturcr is listed in the 

MFR PART NO column. If a component must be 

ordered by dcwiption, the type number is listed., 

The TOT QTY column lists tbc total quantity of 

the ilcm used 01 the Instrument. Second and sub- 

sequanr listing of the ~ilmc item arc refercnccd to 
the firs! listing with the abbreviation REF. In 

cil~e of optional sub-asscmblics, plug ins, etc. that 
arc not always part of the instrumcnl, the TOT 

QTY column lists the total quantity of the item in 

that particular arsembly. 

Entries in the REC QTY column indicate the rec. 

ommcnded ,numbcr of spare parts “ccessary to sup 

port one to five instruments for it period of two 

years. This list presunrcs an availability of com- 

mon electronic parts at the maintenance site. For 
maintcnancc for one year or more at an isolated 

site, it is recommended that at least one of every 

part in the instrument be stocked. 

7%~ USE CODE column identifies certain parts 

which have been added, deleted or modified dur- 
ing the pmductiun of the instrument. Each part 

for which a Use Code has been assigned may bc 

idcntificd with B particular instrument serial num- 

ber by consulting the Serial Number Effectivity 

List in paragraph 5.8. As USC Coda are added to 

the list, the TOT QTY column listings arc changed 

to rctlect the most current information. Some- 

times when a part is changed, the new part can and 

should be used as a replacement for the original 

part. In thisevent P parenthetical note is added in 

Ihc DESCRIPTION column. 
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How To Obtain Parts 

TO ubtnln replacement parts, find the manufactuxer’s part number and 
deecripLCuo in this manual and then refer to the appropriate Repair 
Parts and Special Tools List (RPSTL) TM. In the RPSTL, find the 
assembly or subassembly first and then the description which cone- 
spends wi.rh that in this manual. Under the description in the RPSTL 

find I:II~. ,nanufacturer’s part number, and then order the part by the 
listed Federal Stock Number. If the part is not listed in the RPSTL, 
ic should be requbitioned from the NIcP in accordance with AR 725-50. 

c 

Serial Number Effectivity 

A Use Code column is provided to identify certain parts 
that Rave been added, deleted, 01 modified during produc- 
t,ion of the Model 332B/AF. Each part for which a use 
code has been assigned may he identified with B particular 
instrument rcrial numher by consulting the USC Code Effec. 
tivity List below. All parts with no code are used on all in- 
rtrunients with s&d numbers above 123. 



REF 
DEW 

Al 

A2 

AS”’ 

A4 

A5 

A5A1 

A5A2 

A5A3 

ASA 

ASAS 

ASAB 

A6 

A7 

AIAI 

AIAZ 

AS 

C1. 

ca 

ca 

c4 

IOEX 
NO 

DESCRIPTION 

IC VOLTAGE STANDARD 
Figure 5-1 

Capacitor P/C Assembly (See 
Figure 5-2) 

Sample StrtnS P/C Assembly (See 
Figure 5-3) 

Capacitor Switch P/C Assembly 
(See Figure 5-4) 

Range Calibration P/C Assembly 
(EM Figure 5-5) 

Maln Mother Board P/C Assembly 
(Sac Ft~ure 5-6) 

Reference Supuly P/C 
Assembly (&e F&we 5-1) 

Ssrles Pass Driver F/C Assembly 
(See FLgure 5-8) 

Wferential. Amplifier P/C 
Assembly (See F&we 5-9) 

Chopper Amplifier P/C Assembly 
(See F&we 5-10) 

Auxlllary Power Supply P/C 
Assembly (See Figure 5-11) 

Current Llmlter P/C Assembly 
(see F&we 5-12) 

Time Delay P/C Assembly 
fj3ee Figure 6-U) 

High Voltage Mother Board P/C 
Assembly (see Figure 5-14) 

series paas Element P/C 
Assembly (See Flgvre 5-15) 

Preregulator P/C Assembly 
(see Flgvre 5-16) 

Extender P/C Boprd 

cap, Oil, 4 IIf &l%, 1,2oov, 

cap, cer, 0.01 cf. gmv, 1,6OcT 
(located on Cl) 

cap, cer, 0.005 uf tzG%, 3.ooov 

cap, pletc, 0.1 uf *lo%, 1,600v 

STOCK 
NO 

MFR 

132B/AF 

1102-239343 69536 
IsaaB-4055) 

I 
1702-314849 89536 

1702-227603 89536 
:335A-4092) 

1702-314865 99596 
g;/fW- 

L102-219236 89596 
[s35A.4064) 

1702-s 14864 89536 
:332B/AF- 
‘,083) 
L102.219154 89536 
:3SsA-4056) 

m2.339363 a9536 
:S35A-4051) 

1702.314872 89536 
:332B/AE- 
1004) 
t702-219188 89536 
PSSA-4oSS) 

L702-219196 88536 
[SSSA-4C80) 

I 
1702-182260 88536 
[932A-420) 

1702-31483 I 169536 
:332B/AF- 
$056) 
1702.314823 89536 
‘332B/AF- 
iO61)’ 
1702-314815 89536 
:332B/AF- 
1082) 
LTO2:161344 89536 
[332A-415) 

I 
tsos-183541 01864 

i5oi.io6930 ITi 

t501-168003 71590 

1507-234260 96793 

MFR 
PART NO 

1102-239343 

1702.314849 

1702.314865 

1702-219238 

1702-314864’ 

LW-219154 

1702-219162 

1702.3 14872 

1702-219166 

L702-219199 

1102-lB2660 

1702-314831 

1702-314823 

1702.314815 

uo2-187344 

WLE405K12 

1DlE-lo3 

3D30-502 

:-6023W 

332BIAF 

EC 
TY 
I 



REF INDEX 
DESCRIPTION 

STOCK 
MFR 

MFR TOT REC USE 
)ESIG NO NO PART NO OTY QTY COD 

c5 cap, p1stc. 0. t uf *lo%. 1,500” 1507-234260 96133 C-60232A REF 

C6 Cap, poly, .I0 uf * IO%, 4oov 1512.289744 73445 CZROCFAI OOK 2 

41 Cap, poly, .lO uf * IO%, 4oov 15 12.289744 73445 C280CFAI OOK REF 

CR1 Diode, silicon. 1 amp. 100 piv 4802-116111 05211 IN4811 55 5 

CR2 Diode, silicon. 1 amp, 600 piv 4802-112383 05277 lN4822 48 5 

CR9 Diode, silicon, 1 amp. 600 piv 4802-112383 05277 lN4622 REF 

DS1 Lamp. tncandescent, 26v 3901.175265 89730 151 5 5 

DS2 Lamp. tncandescc”t. 28v 3901-175265 89130 757 REF 

nss Lamp, incandescent, 28v 3901-175265 89730 151 REF 

lx4 Lamp, incandescent, WV 3901.175265 89790 151 REF 

DS5 Lamp, incandescent, 28Y 3901-115265 89130 151 REF 

Fl Fuse, Type MDL, slow blow, 5101.166306 71400 Type MDL 1 5 
l/4 amp, 250~ 

F2 Fuse, Type MDA, slow blow, 5101.109280 11400 Type MDA 1 5 
3 amp. 250~ (For 115~ operation) 

F2 Fuse, Type MDX, slow blow, l-112 5101-109231 71400 Type MDX 1 5 
amp, 250~ (For 230~ operation) 

$1 Binding post, red, OUTPUT 2811-149856 58474,. BHB10208G22 2 

$2 Binding poet, black, OUTPUT 2811.149864 58414 BHB10208C21 2 

J3 Blndlng post, red, SENSE 2811-149856 58474 BHB10208G22 REF 

54 Binding post, black, SENSE 2811.149864 58474 BHB10206G21 REF 

Y5 Binding post, GROUND 2811-155911 584’74 GP30NC 1 

J6 Binding post, blue, GUARD . 2811.233333 68474 DF~IBLC 1 

Kl Relay, armature. 115 “PC, dpdt 4504-196675 69536 4504.196675 1 J 

Kl Relay. armature, 115 WC. dpdt 4504-146940 13949 A4io.o&713- i K 
00 

Ml Meter. 0.100 “a. 32551 2901-225490 89536 2901-225490 1 

Rl Res. met flrn. look +1%, l/ZW 4705.151316 75042 TypeCEC-TO 2 

(mounted on $3) 

R2 Ras, met flm, 1M * l%, 1/2w 4705-161075 75042 Type CEC-TO 1 
(mounted on 53) 

R3 Res, car flm. 5M tl%. lw 4703-101458 15042 Type Cl3 2 

R4 Res. car flm, 5M et%, lw 4703.107458 75042 Type Cl3 REF 
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XF2 XF, 

Fiyre 5.1. EC VOLTAGE STANDAKD (Stwt 1 of 3) 
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6 25 - X035 5 23 1 4 25 Xix4 25 4 
“35 17 places) lx4 

Figure 5-1. DC VOLTAGE STANDARD (Sheet 2 of 3) 
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Figure S-1. DC VOLTAGE STANDARD (Sheet 3 of 3) 
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REF INDEX 
)ESIG NO 

DESCRIPTION 
STOCK 

NO 
MFR TOT REC USE 

MFR 
PART NO QTY OTY CODI 

R5 

R6 

R7 

R6 

R9 

RlO 

51 

52 

$3 

54 

$5 

S6 

Tl 

T2 

Wl 

XIX1 
thru 
xw3 

ms4, 
ms5 

Res, var, VW, 5k HO%, 6w 4702-219758 71450 Type AW 1 
(mounted on 63) 

Res, 30051 *lo%, 5w 4702-219741 mr, w, 11450 Type AW 1 

Res, lk rlO%, l/214 4794-108563 camp, 01121 EB1021 4 

ma, ww, 50061+54b, zsw ~, ~4706-163533 14193 Type MC250 1 

Res, lOOk rl%, IUw 4706-177121 ww, 14193 Type’&‘1127 2, 

,R@s, WV, 1OOk bl,%, 10~ 4706-177121 14193 Type SP1127 REF 

Switch, POWER,, STDBY/RESET wafer 5107.187864 16854 Type HC 1 
Switch, POWER, OPR wafer 5107-187812 16854 248214HC 1 

Switch, VOLTAGE RANGE, rotary 5105-237305 89536 5105-237505 1 

Switch, VOLTAGE TRIP, rotary 5105-240739 89596 5105-240739 1 
,,,., 

Switch, METER, rotary 5106-187146 89596 5105-167146 1 

Switch, interlock 5104sl87708 91929 V3L-18 2 

Switch, interirxk 5104.187708 91929 VSL-78 REF 

Transformer, 5602-222315, power 895.36 5602-222315 1, 

Transformer, high voltage 5602-222307 89536 5602-222307, 1, 
,‘, 

Line cord 6005-102822 89536 6005.102822 1 

Bqlder, lamp ZtlO-IpOlSl 95263 l-14 3 ,,’ 

Holder. lamp 2110-103523 72619 1-08 2 

3 Holhr, mse 2102-160846 75915 342004 2 

1 Coupler, dial. 3153-130252 89536 3153-130252 1 

2 Coupler, R5 to s3 2402-193557 89536 2402-193551 1’ 

9 Coupler, Digit Switches to detents 3153-226719 89536 3153-226779 7 

4 Coupler. DigIt Switches, Sl,S4. R6 ‘2402-104505 89536 2402-104505 11 

5 Coupler. s3 3153-246058 89536 3153.246058 1 

6 Coupler, $1 Shaft to Sl wafer 2402-200692 89536 2402-200592 1 

1 Cover (not illustrated) 1402.228809 89536 1402-228809 1 

6 Detent. Sl 5108-240896 89536 5108-240895 1 

9 Detent, Digit Switches 5108-240887 89536 5108-240887 7 



DESCRIPTION 
STOCK MFU TO1 

NO 
MFR 

PART NO QlI 

Dial. O-10 

Dial, O-X 

Foot, rubber (not lllustratedted) 

Handle, chrome plated brass 

Knob, CURRENT LIMIT 

Knob, DIElTS l-7 

Knob, METEIl. POWER, VOLTAGE 
RANGE 

Knob, VOLTAGE TRIP 
Concentric 
vernier 
trim disc 

Lens, decimal, clear 

Lena, decimal, red 

Link, shorting, copper 

Panel, front 

shaft, s9 (not Illustrated) 

Shaft, 53 to front panel 

shaft, Sl 

shaft, DIgit Swttches, Sl, s4, R6 

2506-296984 89536 2506-236984 

2506~236978 89536 2506-236916 

2819-105909 17969 0102w 

2404-101717 05104 807 

2405-190249 89536 2405-100249 

2405-158940 89536 2405.158949 

2405-158956 89558 2405-158956 

2405-162347 89536 
2405-241016 69538 
2405-236950 89556 

3155-222596 69536 

3155-228056 89536 

2811-190728 24655 

1406-228775 89536 

3103-227272 89536 

9103-240879 89536 

3103-239392 89536 

510%226926 89536 

2405-162541 
2405-241018 
2405-236950 

3155-222506 

3155-228056 

QSELG 

1406-228715 

3103-221212 

3109-240819 

3103-259392 

3103.226928 10 

REC 
3TY 
- 

: USE 
’ COD E 

23’ 



CAPACITOR P/C ASSEMBLY 

cap, p1stc, 1 uf *20%, 25Ov 

cap, pwc, 1 UT +20&, 25OT 

Diode, silicon, 1 amp, 100 piv 

Diode, silicon, 1 amp, 100 piv 

3, I 

Figure 5.2. CAPACITOR P/C ASSEMBLY 



,RE 
DES 

A2 

R1,R 

M,R 

RS, R 

RI, R 
U9.R 
NW 

RI3 
thru 
R24 

R25 

R26 

RnR: 

R29, 
thru 
K35 

R36 
thru 
R46 

R47 

R48 

&,,R 

R>l 

R52 

R53, P 

RS5 

RS6 

Rsl. R 

R59 

R60 

R61,R 

R63 

R64 

DESCRIPTION 

SAMPLE STRING P/C ASSEMBLY 
Figure 5.3 

STOCK 
NO 

MFR 
PART NC 

314849 

- 

MFR 
- 
89536 

ucs, met flm, 34fl *I%, l/&v 296699 91637 YPE MFFl, 2 

Res, met flm, 2Of?+ *I%, ~/SW“ 236844 91637 YPE MFFI, 2 

Res, YM, cer tn*t 50.Q f2G%, 1/2w 267815 71,450 ~OPCSOOB 2 

Res, YX. cer met 2oa +zu%, 1/2w 261180 71450 9OPC2OOB 6 

Res, met flm, lOa&l%, l/&v 268789 91631 YPEMFEl, 

Res, 997.W matched set 

Res. 1996X2, matched set 

Res, 3.99Sk, matched set 

39536 

39536 

Res, 19.985k, matched set 39530 

Res, 99.925k. matched set 

Res, var. cer met. lO0.Q +X%, 1/2w 

Res. “a, cer met, 2oon *204b, 1/2w 

Res. wr,cer met, 5oon *20%. 1/2w 

Res, met flm, lOO.Q+l%, l/&v, ‘, 

Res. met flm, 2OOQ*lX I/SW 

Res. met flm, 348.Q+l%, l/&v, 

Res,wv,2fz~o.2%, l/lOw 

Rm, ww, IsI *2%, l/lOW 

ues, ww, 4.Q k.OlS%, 1/4w 

Res. ww. IOSI +9%, l/2w 

Res, VW. ?On *50/o, I /2w 

Rcs, WV. 40R, l/Zw 

Res.ww. IOOsl~O.lS%, 1/2w 

Res;ww. 2005110.15%. Iw 

,B 

267823 

284111 

26.1849 

168195 

245340 

236778 

131870 

131888’ 

313809 

155879 

155887 

I58022 

I55846 

131656 

J9536 

71450 ~OPClOlB 

71450 ~OPC20lB 

11450 IOPCSOIB 

11637 I’PE MEFI/ 

)I637 (PE MFFI/ 

11637 WE MFFl/ 

:9536 ;I870 

i9536 1888 

19536 3809 

;9536 5879 

;9536 5887 

:Y536 8022 

i9i36 5846 

i9536 1656 

12 

1 

I 

2 

7 

11 

I 

I 

2 

I 

I 

2 

I 

I 

2 

I 

I 

2 

I 

I 

25 



- 

55, M 

I thru 
, 

-,----,-,+, 

DESCRIPTGION 
-- 

ues, WIN, 400&I Hm%, 1/2w 

Switch, rotary; sample wing 

Switch, assembly, seventh decade 
(R67 thtu K76 included) 

131698 

313023 

291021 

1536 

i854 

3536 

- 

MFR 
PART NO 

31698 

19 

91021 

D ,, factory matched for rcsistancc accuracy and temperature coefficient. ‘When ordet’tn&include all 
rnformalion stamped on the resistor (if not legible include information on adjacent reslstor$) in 
addition to the information requested in paragraph regarding obtaining parts. 
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Figure 5-3. SAMPLE STRING WC ASSEMBLY 



REF INDE> 
3ESIG NO 
--,-_ ,,,, -,,“-,,- 
A3 

DESCRIPTION 

.,--l_lll_---~.I 
CAPACITOK SWITCH P/C ASSEMBLY 

Figure 5-4 

Cl D&K1 Cap, elec:t, 400 ti +50/,-lo%, 25~ 

CR1 D4.“M2 Dmde, shcon, 1 amp, 100 p~v 

Kl C5-15 Relay, reed, I, 000” 
c5-J5 Coil, reed relay, 24~ 

Ql D4-H4 Tstr, silicon, NPN 

RI D5-M4 ncs, camp, 1OOR i,:lO%, 1/2w 

HZ D5-N2 Res, camp, 15k *IO%, 1/2w 

l23 C3,,-M4 Res, camp, 41on *lo%, 1/2w 

Ii4 E3-H4 Iles, camp, 10k +X0’&, l/h 

R5 Dl-II5 Res, camp, lk *lo%, 1/2w 

RF LSI2 Res, camp, 1ooa *lo%, 1/2w 

R’i B5-J5 F&s, camp, 39k iS”io, Iv, 

-lll__ __,,__ 

~1,,1-- - 

--_-,- 
STOCK 

NO 

1’702-227603 
(335A-4092) 

1502-168153 

4802-116111 

5103-233916 
1802-186155 

4805-203489 

4704-109100 

4704-108530 

4704-108415 

4704-108118 

4704-108563 

4704-108100 

4104-236729 

--- 

MFR 

_-,,- 
89536 

73445 C 

05277 

12617 
71707 

01910 

01121 

01121 

01121 

01121 

01121 

01121, 

01121 

-- ,,-, 

M 

MFR 
PART NO 

1,702-227603 

:43’7ARF400 

1,N4817 

CDQlO656 

EBlOll 

EBl531 

EB4711 

EB1031 

EB1021 

EBlOll 

GB3935 

1, 

LEI 

: 

18 

2 

6 

2 

8 

%E 

%I 

1 

-- 
1tr 
>I’ 
- 

1 

5 

USE 
:OD 
,-,,,,- 

Figure 5.4. CAPACITOR S\nllTCH P/CASSEMBLY 
28 



3328/AF, 

REF INDEX 
)ESIG NO 

R27 Dl-Q5 

R2.8 E5-P5 

Gl-Nl 

DESCRIPTION STOCK 
NO MFR 

MFR TOT, REC USI 
PART NO QTY QTY COC 

Rea, wm~. WsS%, l/2w 4704-180854 01121 ESZp26 2 

ma. camp, 8.S tsg, 1/m 4104-147177 01121 EBB226 2 

mat sink 4206-18'3159 29536 4806-186159 REF 

., 

_' 
: 

,. 
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l-----d 

Fiprm 6-6. RANGE CALIBRATION P/C ASSEMBLY 



332Bl1W ,, ,,; 

Reference Supply P/C 
Assembly (See Figure 5-T), 

.%TiW PZXEB Driver P/C Assembly 
(see Figure 5-8) 

Current JJmiter P/C Assembly ‘. 
(See Flgvre 5-12) 

cap, ‘plstc, 0.1 uw?Q&, 2oov 

Come& female, ,lB contact 

connector, female, 16 contact 

Connector, female, 18 contact 



M N P Q R s ‘T ” V 
~.W415l1I213141511121314/511121314l511/213j4~l112l3344551,/2~. 

Figture 5-6. MAIN MOTHER BOAFID P/C ASSEMBLY 

32 



5Al 

.l 

2 

3 

1 

2 

3 

1 

l,R3 
5 

2, R4 
6 

14 
7B, 
13 

5, Rl( 

9 

11 

12 

14 

15 

16 

11 

18 

19 

20 

DESCRIPTION 

REFERENCE SUPPLY P/C ASSEMBL’ 
Figure 5-7 

IC, voltage neg 

IC. Operational amplifier 

,Ref amp oven 

,, cap, mica, 510 pfG%, 5oov 

Cap. mica, 27 pf *S%, 500V 

” ,Cap,,pIstd, 0.1 uf *1G%, 5ov 

‘, Tstr, Seniieon 

,: ‘, es, met fIm, 6.04k+l%, 1/2w 

,,,, 
_’ Res; tar, cer met, 1Ok &20%, 1/2w 

,,,, 

Res, ref amp, marched set (R7A is always 
,, 9kres) 

_, ,, 
Res, WV, SOS-i ~0646,112~ 

R&s, WI, cm met soil *20%, 1/2w 

,, ,,, Nwused 

Res, metth, 2.94k Al%, 1/2w 

’ lb, met flm, 6.34k*l%, 112~ 

Res, met flm, 8.66k*l%, 112~ 

RCS, met fh, 16.9k*i%? 1/2w 

Res, met flm, 7.5k *I%, 1/2w 

Res, met flm, 499kfl%, 112~ 

Res, cotnp, 33J-l k5%, 2w 

Res, c0inp, l.xl fS%, 1/2w 

STOCK 
NO 

314864, 

313106 

271502 

248914 

148411 

177998 

271866 

203489 

162586 

267880 

314971 

238493 

267815 

241528 

218636 

247957 

198275 

186072 

148890 

161497 

246793 

IOT( 
:0Jd 

204( 

129: 

465: 

4655 

6001 

791,( 

163: 

9536 

9536 

145c 

1637 

1635 

1635 

1637 

1637 

4971 

1121 

1121 

MFR 
PART NC 

14864 

C1723CG 

H30lA 

3Tl-2 

Dl9F511J 

Dl~SF22lJ 

iF2RSA104 

DQ10-556 

WE MFFl/ 

,OPClO3B 

t8493 

rOPc5OOB 

(FE MFFl/ 

t’PPE MEW/ 

r-PI5 Mm/ 

L’PE MFFl/ 

(PB MFF 1 

15.0753 

83305 

315GS 

9E 
DE 



332OiAF 

-- ---_ 

Figure 5-7. REFERENCE SUPPLY P/C ASSEMBLY 



REF INDEX 
)ESIE NO 

A5A2 

Cl G4-P4 

CS m-Q5 

C3 E2-Q5 

c4 Ga-UK 

DESCRIPTION 
STOCK 

MFR 
MFR TOT REC USE 

NO PART NO QTV ?TV COD 

SERIES PASS DRlVE,R P/C 1102-219154 39536 1108-219354 REF 
ASSEMBLV -Figure 5-,g (SSSA-4056) 

Cap, plstc, 0.41 ut raw& a60v 1507-184366 13445 C28OAE/P410 1 
K 

Cap, 2.2 ti rlO%, 20~ Ta, 1606-160226 05387 KZR2C2OK 1 

cap, plate, 0.1 ut *20%, 2OOv 150’7-106435 56269 192P10402 REP ” 

cap, plstc, 0.22 uf *lo%, 6OV 1501-169392 56269 192P2249R6 1 

Cap, Ta, 15 uf &$, 20~ 

Diode, silicon, 160 ma, 6 piv 

Diode, ellicon, 200 ma, 25 pi” 

DtMle, silicon, 1 amp, 100 piv 

Mcds, silicon, 150 ma, 6 piv 

Diode, Qllicon, 1 amp, 100 piv 

mode, emer, 1ov 

Diode, 1 amp, 100 plv 

Dicde, sener, 1ov 

Diode, siUe~+, 1 amp, 100 piv 

Dicde, Slllcm, 1 amp, 100 plv 

Diode, atlicm, 1 amp, 1OOPiV 

Diode, aiLicon, 1 amp, 1OOplv 

Dtode, Blltwn, 160 ma, 6 ptv 

Dicde, silicon, 150 ma, 6 @v 

Diode, alUcon, 150 ma, S@v 

Diode, siltcon, 1 amp, IO0 plv 

mode, aener, 4.3v 

Dkde, silicon, 1 amp, 100 plv 

connector, male, 16 contact 

Tetr, tested, eilican, PNP 

T@.tr. alltcon, NPN 
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- 
REF 

)ESI( 

e3 

Q4 

Q5 

Qe 

Ql 

$6 

Rl 

R2 

R8 

R4 

R5 

RB 

RI 

R9 

RlO 

Rll 

R12 

RI3 

R14 

R15 

Rl6 

Fill 

R18 

R19 

R20 

R21 

Rx! 

R23 

R24 

R25 

R26 
- 

36 

INDEX 
NO 

G4-N4 

W-Q3 

E5-S4 

CL%W2 

ES-T4 

El-Q1 

E2-N3 

J3-T3 

E3-Nl 

E3-M5 

IS-P4 

L&S5 

C2-R2 

Gl-P2 

[l-P5 

E2-P2 

E3-N5 

[l-R5 

D3-Sl 

E2-R4 

32-s4 

El-SS 

CAT3 

S-53 

F5-T2 

F4-U2 

El-U2 

DZ-$5 

82-52 

34-QS 

OS-P5 

OESCRlPTlON 

Tstr, silicon, NPN 

Tats, tested, silicon, PNP 

Tstr, silicon, NPN 

Tstr, tested, silicon, PNP 

Tstr, silicon, NPN 

Tstr, tested, silicon, PNP 

Rea, met flm, 4.028 +I%, l/nK 

Flea, MT, WV, 2k+lC%, l-1/4w 

RGS, camp, 2. lk +lO%, Iw 

Res, met flm, 4.028 +l%, l/Zw 

Res, var, ww, 3k+2K$, l-1/4w 

Res, met flm, 5.52k tl%, 1/2w 

Res, camp, 1OOk il@, 1/2w 

Res, camp, 2.4k AS%, l/zW 

ms, corn*, 41n +104&, 2w 

ms, camp, 4151 AC%, ax 

Rea, come, 36k &5%, 1/2w 

Res, var, W-W, 3krZU%, I-1/4w 

Res, met flm, lk rl%, l/h. 

Rea, met flm, 221k +I%, ‘l/zW 

Res, camp, 3. Sk tlC%, l/hu 

&a, camp, 20k +5%, 1/2w 

qes, corn& 16k &J, 1/2w 

Rea, camp, 1Ok *IO%, 1/2w 

Res, eomp, 27k &7,, l/Zw 

Res, camp, 22061+%, 1/2w 

Res, met flm, 100 &, lf2w 

Res, camp, 4’7k +5%, 1/2w 

Rds, camp, 8200 A%, l/2-# 

Res, camp, 47k A%, 1/2w 

Res, camp, 18W +I’?%, 2~ 

STOCK 
NO 

1805-163004 

1805-159491 

4805-203465 

1805-159491 

$805.2034Sf 

4805-159491 

4705-167478 

1702-198416 

~704-10949e 

L705-161478 

1702-149731 

1705-219014 

v704-1oa126 

v/04-108902 

1104-144352 

1104-144952 

&704-185991 

1702-149781 

1705-151324 

1705-182527 

1704-161408 

1704-109041 

1704-159632 

1704~108118 

L704-186023 

1104-166031 

1705-151043 

1704-108138 

1704-108104 

L704-108738 

1704-155457 

MFR 

95303 

89536 

07910 

89536 

01910 

89536 

15042 

11450 

01121 

75042 

71450 

15042 

01121 

01121 

01121 

01121 

01121 

11450 

75042 

75042 

01121 

01121 

01121 

01121 

01121 

01121 

15042 

01121 

01121 

01121 

01121 

MFR 
PART NO 

40250 

4805.15949 

CDQ10656 

4605-16949 

CDQ10656 

4805-15949 

‘ype CEC-T 

Type 110 

GB2121 

‘ype CEC-T 

Type 110 

‘ype CEC-T’ 

EB1041 

EB2425 

HB4101 

8134701 

EB3635 

Type 110 

‘ype cm-TI 

‘ype CEC-TI 

EB3921 

EB2035 

EB1635 

EB1031. 

EB2135 

EB2215 

ype CEC-T( 

EB4736 

EB6215 

EB4135 

HB1811 

- 

‘0 

>T 

G 

tE 

1E 

I.!2 

II3 

LE 

2 

1 

1 

tE 

2 

1 

9 

1 

2 

LE 

4 

1E 

1 

3 

1 

3 

3 

1E 

1 

1 

1 

2 

2 

LE 

1 
- 

- 
!EC 
ITI 
- 

- 

USE 
ODI 
- 



3328/AF, 

REF INDEX 
)ESIG NO 

R27 Dl-Q5 

R2.8 E5-P5 

Gl-Nl 

DESCRIPTION STOCK 
NO MFR 

MFR TOT, REC USI 
PART NO QTY QTY COC 

Rea, wm~. WsS%, l/2w 4704-180854 01121 ESZp26 2 

ma. camp, 8.S tsg, 1/m 4104-147177 01121 EBB226 2 

mat sink 4206-18'3159 29536 4806-186159 REF 

., 

_' 
: 

,. 
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Figure 5-8. SERIES PASS DRIVER PKASSEMBLY 
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REF INDEX 
lESlE NO 

AFAS 

Cl E3-P5 

c2 F4-45 

C9 El-P3 

c4 I4-R4 

c5 ‘, n-f.3 

CR1 D4.Rl 

CR2 W--S1 

CR3 Gl-S2 

CR4 E4-R5 

DESCRIPTION 
STOCK 

NO 
MFR 

MFR TOT R,EC USE 
PART NO QTY QTY COD 

DIFFERENTIAL AMPLIFIER 1702-219162 89536 1102-219162 REF 
P/C ASSEMBLY -Figure 5-9 (335A-4067) 

Cap, uf+10%, Pletc, 0.1 sov 1507-150318 562.99 194P104OR5 ‘1 

cap, *5%, mica, 610 pr 5oov 1504-148411 88410 CDl9FSllJ 2 

Cap, Ta, 15 ti+lO%, 20~ 1508-153056 05391 K15C20K REF 

cap, 250 uf +5o/dY,&; elect, 4ov 1502-178615 13445 C437ARG250 1 1 

cap, mica, a1 pf +5%, 5oov 1504-177998 88410 CD16E270J 1 “, I 

Dioda, 1 100 simon, amp, piv 4902-~116111 05217 1314811 REF I 

Diode, sll!con, 1 amp, 100 piv 4602-116111 05271 lN4817 REF 

Dkde, silicon, 1 amp, 100 plv 4802e 116111 05217 lN4611 REF 

Diode, slllcon, 1 imp, 100 piv 4602-116111 05211 lN4811 REF 

CR5 FS-RS 

CR6 FS-Rl 

CR1 FLRl 

CR8 G2-Rl 

CR0 El-RI 

CA10 E5-S4 

CR11 El-86 

CR12 Gl-T1 

CR19 Gl-Q2 

CR14 El-N6 

CR15 IS-T2 

Pl C&Q2 

91 D2.Tl 

w D5-N2 

Q3 F2-N2 

Q4 H%Ql 

95 U-Q2 

Q6 D2-T5 

Ql DZ-U3 

QS HJ-RS 

Diode, silicon, 1 amp, 100 piv :4802-116111 06211 lN4811 REF 

DLOde, sIlkon, 1 amp, 100 p*v 4802-116111 05217 lN4817 REF 

Dfoc!e, slllcon, 1 mnp, 10Opiv 4902-116111 65211 lN4811 REF 

Diode, sBlcon, 1 100 plv amp,, 4802-116111 05277 lN4617 FIEF 

Diode, silicon, 1 amp,’ 100 piv 4802-ll6llP 05277 lN4817 REF 

Diode, 1 slllcon, Pmp, 100 pi” 4602-116111 05271 1314611 REF 

Diode, silicon, 1 100 plv wc~p, 4802-116111 05271 IN4917 REF 

MO&, sIllcon, 1 amp, 1oopw 4802-110111 05217 3314817 REF 

Diode, stltcon, 1 amp, 1OOpiv 4803-116111 05271 lN4011 REF 

D10t!e, lqv zener, 4603-113324 07010 lNO6lA REF 

Diode, silicon, 1 100 amp, plv 4602-1113111 05277 lN4817 REF 

Connector, male, 16 contact 2816-181124 91662 0%016-01% REF 
5-200 

T&r, silicon, NPN 4805+177105 01263 2N3665 6 

Tstr, silicon Kchamel FET, 4905-166229 15212 U-1249 2 

T&r, sillcon, PNP 4805-190389 04113 SM44144 REF 

Tstr, NPN teated, slllcon, 4805-108812 69536 4805-199912 2 1 ,’ 

T&r, slltcon, PNP 4905-190389 04713 SM4144 REF 

Tstr, tested, NPN atllcon, 4905-196612 99536 4805-196812 REF 

Tstr, PNP slltcon, 4805-190599 04719 ml4144 REF : 

Tstr, slltcon, NPN 4905-209489 01910 Cm10656 REF 



332BIAF 

REF INDEX STOCK MFR TOT REC USI 
IESIG NO 

DESCRIPTION 
NO 

MFR 
PART NO cm OTY con 

Q9 ml-5 Tstr, silicon, PNP 4805-183558 04713 2N3250 3 1 

910 E4-U3 T&r, siltcon, PNP 4805-183558 04713 2N3250 REF 

811 n-u4 T&r, silicon, PNP 4805-183558 04113 2N3250 REF 

Q12 El-U3 Tab-, silicon, NPN 4805-117105 07263 2N3565 RF2 

81 D3-Sl Rea, 22k +5%, l/Zw camp, 4704-186064 01121 EB2235 3 

RZ D3-R3 Res, lOOsI AS%, 1,‘Zw coq, 4704-188508 01121 EB1015 6 

R3 D3-R5 Rea, camp, lOOn +5%, 1/2w 4704-188508 01121 EB1015 REF 

R4 D3-S3 Res, IOk +O. 2%6, 1141’~ WV, 4701-112171 89536 4701-112117 1 

R5 E5-33 Res, 10051 AS?,, 1 /2w camp, 4104-188508 01121 EBl015 REP 

RE F5”S3 Res, 1000 *5%, 1/2w com!~, 4704-188508 01121 EB1015 REF 

R7 E4-Tk Res, camp, lk+5%, 1/2w 4704-106597 01121 EB1025 10 

RB D3-93 Res, coq, 3.3k l 5%, 1/2w 4704-165761 01121 EB3325 4 

R9 m-Qa Res, 3k r5%, 1/2w camp, 4704-109090 01121 EB3025 2 

RlO D3-P5 Res, SlOSa*S%, 1/2w camp, 4704-108951 01121 EB5115 1 

Rll El+ Pl Res, camp, 22M +lO%, l/W 4704-108233 01121 EB2261 1 

R12 Fl-M5 Res, 6.2k&, 1/2w corn& 4704-108621 01121 EB6225 3 

R13 Gl-N3 Rea, 2.2k +5%, l/W camp, 4704-106506 01121 EB2225 2 

R14 Gl- Pl F&s, eomp, 1.2k +lO%, l/W 4704-108603 01121 JIB1221 1 

R15 F5- P5 Res, met flm, look +I%, l/Zw 4705-151316 75042 Type CEC-TO REF 

R16 Xl-P1 Res, met Ilm, 221k &, 1/2w 4105-182522 15042 Type CEC-TOREF 

Rll H4-Pl Res, mat flm, 40.2k *I&, l/Zw 4705-161059 75042 Type CEC-TO 2 

R16 G4-Rl Res, met flm, 15n rl%, 1/2w 4705.150870 16042 Type CEC-TO 2 

RlQ E4-T4 Res, met flm, 1551 il%, 1/2w 4705-150870 75042 Type CEC-TO REF 

R20 E4”T5 Res, met flm, 221k *I%, 1/2w 4105-182527 15042 Type CEC-TO REF 

R21 F4- u4 Res, met flm, 40.2k *l%, l/Zw 4705-161059 15042 Type CEC-TO REF 

R22 H4-$3 l&s, met flm, 6.04k +l%, 1/2W 4105-162586 15042 Type CEC-TO REF 

R23 In-S5 Res, met flm, 42.W tl%, 1/2w 4705-182501 75042 Type CEC-TO 1 

R24 HZ-S5 Res, met flm, 9.09k +l%, 1/2w 4705.151258 15042 Type CEC-TO 1 

R25 EC-T5 Res, met flm, 15k Al%, l/!&v 4705-151498 75042 Type CEC-TO 1 

R26 F4-w3 Rea, met flm, 1.58k +I%, 1/2w 4705-182543 15042 Type CEC-TO 2 

1127 GLT4 Res, met flm, 1.58k +l%, 1/2w 4705-182543 15042 Type CEC-TO REF 

40 
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Figure 5-9. DIFFERENTIAL AMPLIFIER P/C ASSEMBLY 

42 

I 



DESCRIPTION 

CHOPPER AMPLIFIER ASSEM&LY 
Figure 5-10 

Cap, plstc, 0.1 uf+1O%, 250v 

Cap, plstc, 0.0068 uf*20%, 200V 

Cap, plstc, 0.047 uf*lG%, 25ov 

Cap, mica, 4 pf *S%, 500V 

Cap, mica, 640 pf *S%, SOOV 

Cap, elect, 5 uf +75/-IO%, 25v 

cap, elect, 50 uf +50/G%, 25v 

Cap, elect, 100 uf +75/-10%. 3v 

Cap, mica, 220 pf G%, 5oov 

Cap, cer, lOOpf+JC%, 1 kV 

Cap, mica, 5 pf*lC%, 5pOV 

Cap, Ta, 33 uf+10%, 1ov 

Cap, elect, 15 uft75/-lG%, 6V 

Cap, Ta, 100 uf*1G%, 1ov 

Cap, plstc, 0.015 Uf?k2%, low 

Cap, Ta, 0.47 uf*20%, 35v 

Diode, zener,silicon 

Diode, silicon, 150 mA, 

IC, operational amplifier 

Tstr, MOS FET, P-channel 

Tstr, FET, Kchannel 

Tstr, silicon, RNR 

Tstr, silicon, PNP 

Tstr, silicon, NPN 

314872 

161992 

106070 

162008 

190397 

215251 

152009 

168823 

106534 

170423 

105593 

148577 

182832 

105700 

170456 

233577 

161349 

150334 

203323 

246603 

226043 

271924 

195974 

288761 

218396 

8 
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DE!XAlPTlON 

Res, camp, Slk &5%, 1/4w 

Res, camp, 1OOk *5&, 1/4w 

Res, met flm, 604k !cl%, 1/2w 

Res, coq, 1OSZ G%, 114~ 

Km, met flm, 150k +l%, 1/2w 

Res, camp, 3.3M +.s%, 114~ 

Res, camp, 13kf5%, 1/4w 

Res, camp, 200.Q *S%, 114~1 

Fw, camp, 22k es%, 1/4w 

Res, mft flm, 34k +l%, 1/2w 

Res, camp, 1OM 25%. 1/4w 

Res, COYTIP, 1Sk *5%, 1/4w 

Kes, met flm,~l50i2*1%, 1/2w 

Kes, met tlm, 8.06k*l%, 1/2w 

Kes, met tlm, 68.lk*l%, l/ZW 

Kes, camp, 68k *5%, 1/4w 

Kes, camp, 2Ak *5%, 114~ 

Km, met flm, 1Ok fl%, 1/2w 

Res, camp, 33k kS%, 1/4w 

Km, camp, 10k AS%, 1/4w 

Res, eomp, 36k *5%, 114~ 

Res, camp, 18k +5%, 1/4w 

Res, camp, 56OfL*S%, 1/4w 

Res, camp, 47k 25%. 1/4w 

Rcs, camp, 180k ~5%. 1/4w 

Res, conlp, 8.2k *5%, 1/4w 

Res, camp, 15k G%, 1/4w 

Res. met flm, 4.22k H%, 1/2w 

I sTf;K MFR 

193334 

148189 

01121 

01121 

182493 91637 

147868 01121 

155192 91637 

208389 01121 

221598 01121 

193482 01121 

148130 01121 

151241 91637 

194944 01121 

148031 01121 

182550 91637 

159467 91637 

161083 91637 

148171 01121 

193425 01121 

151274 91637 

148155 01121 

148106 01121 

221929 01121 

148122 01121 

147991 01121 

148163 01121 

193441 01121 

160796 01121 

148114 01121 

223396 91635 

C 

C 

T 

C 

T 

C 

C 

C 

C 

T 

C 

C 

‘T 

T 

T 

C 

C 

‘T 

C 

C 

C 

C 

C 

C 

C 

C 

C 

T 

MFR 
PART NO 

B5135 

B1045 

YPE MPW: 

81005 

WE MFFl/: 

183355 

81335 

82015 

82235 

YPE MFFl/: 

B1065 

81525 

YPE MFFl/: 

YF’E MFPl/: 

YPE MFFl/: 

86835 

B2435 

YPE MFFl/: 

B3335 

B10j5 

83635 

81835 

85615 

84735 

B1845 

B8225 

B1535 

YPE MFFl/: 

F. 
LT’I 

1 

3 

1 

I 

1 

1 

1 

3 

5 

2 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

- 

E( 
T’ 

- 
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DESCRIPTION 

Res, WI cer met, Sk *ZC%, 314~ 

Res, met flm, 24.3kfl%, l/Zw 

Res,met flm, 187k*l%, l/&v 

Res, var, camp, 10k*3U%, 1/4w 

Connector, male, 16 contact 

Cover, chopper 

STOCK 
NO 

159905 3138 

217430 1637 

289462 1637 

223131 1942 

187724 1662 

251751 3536 

nm MFR 
PART NO 

pR5K 

IPE MFFl/; 

PE MFFl/Z 

IPE MTC 

r-106~013-5 
10 ,,’ 

‘1751, ,, ,: 

Yi. 
IT1 - 

1 

1 

2 

1 

1 

1 
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,REF INDEX 
DESCRIPTION STOCK MFR 

DESIG NO MFR 
TOT REC USE 

NO PART NO QTY OTY COD 

A5A5 AUXILIARY POWER SUPPLY’P/C 1702419188 69536 1702-210166 REF 
ASSEMBLY -Figure 5-11 (335A-4059) 

Cl Gl-P5 cap, Ta, 68uf l lc%, 15v l506-162624 05SBl KWCl5K a 

c2 El-N3 cap, elect, 25out +50/-lc-?$, 64v 1502-165850’ 13445 C497ARiIZ50 4 1 

C3 Gl-P2 .cap, elect, 50 uf+15/-lO%, 5ov i502-106122 60163 TE1307 3 1 

C4 Yl-PS cap, cer, 22Opa*1u%, 5oov 1501-105528 72082 SlS-024X5UD- 1 
221K 

c5 x-ILRS cap, p1stc. 2 uf cm%, 1oOv 1507-106869 84411 TypeXBESFR 2 

C6 E2-RS cap, plate, 0.1 uf +20%, 2oov 1507-106455 56289 192P10402 REF 

Cl H5-R2 czp, elect, zold +15/-10%. 5ov 1502-106229 80183 TEl305 RElF 

CB ES-U3 cap, elect, 5ouf+75/-lO%, sov 1502-106122 60163 TE1307 REF 

cn Ill-T1 cap, PMC, 0.0012uf+10%, !mv 1507-106088 56269 102312292 1 

Cl0 E2-Tl cap, plstc, auf &a%, 1oov 1507-106063 64411 TypeX663FR REF 

Cl1 11-u5 cap, elect, zoti+15/-lo%, 5ov 3502-105220 80183 TElS05 REF 

CR1 E2-N6 Inode, silicon, 1 amp, 1oopiv 4802-116111 05277 lN4817 REF 

CR2 W-N5 mode, silleon, lamp, 1OOplv 4602-116111 05277 IN4817 REF 

CR3 E4-N5 Diode, silicon, lamp, 1OOplv 4602-116111 05277 IN4611 REF 

CR4 D5-N5 Mode, slIlcon, 1 amp, 1OOplv 4602-116111 ,05277 lN4611 REF 

CR5 J1-M5 mode; sene~, 3.nv 4605-119916 07910 lN14S 2 1 

CR6 El-R5 Diode, zener, 6.3~ 4803-112148 03211 lN3495 1 1, 

CR1 FLU5 mode, Qillcon, lamp, 1ooplv 4602-116111 05211 lN4Bll REF 

CR8 Fl-TS Diode, siilicon, lamp, 1OOph 4802-116111 05211 IN4611 REF 

CR9 D5-U5 mode, SiIicon, 1 amp, 1oopiv 4802-116111 06277 lN4617 REF 

CR10 D6-T6 Diode, silicon, 1 amp, 1OOpiv 4602-116111 05271 lN4617 REF 

Pl C4-44 connectqr, male, 16 contact 2616-167724 91662 02-016-OlS- REF 
5-200 

21. D5-QS Silicon aontrolkdrectlfler, 4605-192561 03508 C-BF 2 1 
l.Bamp, 5Ov 

22 14-N4 T&r, selected, BiIlcon, PNP 4605-150491 69536 4605-159491 REF 

13 IS-Q1 Tatr, silicon, NPN 4805-205469 07910 CDQ1085.S REF 

24 I&R6 T&r, siltcon, NFN 4805-163004 95303 40250 REP 

25 FS-Rl T&r, siIlcon, NPN 4805-203480 01910 CDQlO656 IUIF 

w FS-R5 Tetr, ailicon, NPN 4606-203469 07910 CW10666 REF 

47 



- 
REF 

IESIC 
- 

47 

QB 

Q9 

lx 

R2 

R3 

R4 

R5 

R6 

RT 

R8 

RS 

RlO 

Rll 

R12 

RI3 

R14 

R15 

R16 

Rl7 

R18 

RlS 

R20 

- 

NDEX 
NO 

:4-w 

:4-T2 

;1-T2 

x5-P5 

S-Q3 

35-Q2 

IS-N3 

11-M 

u-m 

:4-Q4 

:4-R3 

14”T2 

3%Rl 

:3-E? 

32-Sl 

:1-s2 

:&VI 

14”s4 

I4-T4 

WT2 

H-S4 

$4-T3 

5-m 

DESCRIPTION 

Tstr, silicon, NPN 

Tstr, silicon, NPN 

Tstr, silicon, NPN 

Rea, camp, IOk A%, l/Zw 

Res, camp, 3900 t5%, l/zw 

yes, camp, 5,6k35%, 1/2w 

Res, camp, 1561*1G%, zw 

Fies, camp, 15k *lo%, 1/2w 

Rea, coq, 3k s5%, 1/2w 

Res, camp, SSk*lO%, l/hR 

Res, met flm, 1.15k +l%, l/Zw 

Res, “at, WV, lk+20%, l-1/4!‘? 

Res, met flm, 2.66k tl%, l/h 

ma, camp, 6% +5%, l/zw 

Res, met flm, 2.37k +I%, 1/2w 

F&s; camp, 1% *lo%, l/zw 

ma, camp, 824-l *lo%, 2w 

R?S, camp, 8.W as%, l/zw 

Rea, corn*, S. 3k *lo%, l/hK 

Res, camp, 4.7k +lO%, 1/3w 

Res, met flm, 6.45k tl%, 1/2w 

Res, met flm, 4. QQk tl%, l/W 

Res, camp, 2.OkA5%, 1/2w 

STOCK 
NO 

1805-18300~ 

1605-20348 

1805-20348 

L104-10916! 

1104-10908~ 

1104-18766~ 

1704.15554! 

LlO4-106531 

L704-109091 

L704-17854, 

1705-18601: 

1702-113261 

k105-17636: 

1704-10862: 

1705-182511 

1705-10897’ 

1704-110231 

wo4-14777 

1704-10837: 

1104-10838: 

1705-159471 

1705-148891 

1104-16985, 

MFR 

95103 

01910 

07910 

01121 

01121 

01121 

01121. 

01121 

01121 

01121 

15042 

11450 

75042 

01121 

15042 

Oll?l 

01121 

01121 

01121 

01121 

15042 

15042 

01121 

MFR 
PARTNC 

40250 

CDQ10656 

CDQ10656 

EB1035 

EB3915 

EB5625 

HB1501 

EB1531 

EB3025 

EB3331 

ype CEC-TC 

Type 110 

‘we CEC-TI 

EBB225 

‘ype CEC-TC 

EBl231 

BB8201 

E~8225 

EBSSZl 

EB4121 

ype CEC-TC 

we CEC-TC 

EB2025 

‘0 
>T 

%I 

2: 

:E: 

:E: 

1 

1 

1 

E: 

%: 

%: 

1 

1 

1 

,231 

1 

1 

1 

.E: 

1 

2 

1 

1 

%j 

F 

F, 

F 

- 
:Et 
IT’ 
- 

USE 
ODI 

48 
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Figure 511. AUXILIARY POWER SUPPLY P/C ASSEMBLY 



NDEX 
NO 

G5*,Q2 

13-U2 

m-m 

H5-85 

Jl-u2 

W-42 

W5-NI 

EZ-NS 

E5-$5 

El-U4 

El-W 

F2-sa 

E5-sa 

&Rl 

OS-P1 

J4-Ta 

Gl-Q5 

[2-Pl 

G2-P3 

[l-P1 

F5-P3 

Cb64 

ES-84 

G5-U2 

$1"N2 

Bl-N3 

F2-N3 

D4-P5 

DESCRIPTION ,’ 

CURRENT LIMITER P/C 
ASSEMBLY *Figure 5-12 

cap, elect, 250 uf +so/-lo%, 64v 

cap, elect, 20 uf *15/-l@, 5Ov 

cap, elect, 20 uf +7s/-lu%, 6OV 

cap, elect, 250 uf +50/-108, 04v 

cap, elect, 20 uf +x/-10%, 5ov 

cap, elect, 260 uf +50/-lo%, 64V 

cap, plstc, q.047 uf r20%, 1Qov 

cap, elect, auf+75/-lo%, sav 

cap, elect, l60uf+50/-10%, g4v 

mode, egicon, 1 amp, 6OOpiv 

mode, atltcon, 1. amp, 6OOpl; 

Diode, silicon, lamp, 6OOpiv 

mode, +xm, 1 amp, 600 piv 

mode, z="G=, ah :' 

Diode, eerier, 3.9~ 

mode, rener, 36v 

mode, silicon, lamp, BOO plv 

mode, ze~r, 12~ 

mode, siucon;1amp, 100 plv 

mode, silicon, lamp, 1OOpiv 

'mode, s1llcon, 160 ma, 6 piv 

connector, male, 16 contact 

Tstr,. #ilfcon, NPN 

ntr, germanium, PNP 

Tstr, selected, silicon, PNP 

T&r, alllcoII, NPN 

'C&r, selected, silicon, PNP 

T&r, selected, 8LIicon, PNP 

STOCK 
NO 

MFR 

1702-219196 69535 
(SSSA-4060) 

1502-185850 19445 

1502-1082a9 80163 

1502-106229 80183 

1502-185850 13445 

15oa-Jo5229 80183 

1502-185850 13446 

IS&-~105096 72929 

1602-105197,30189 

1502-170274 73445: 

4602":I12383 05277 

4802-112383 06277 

4602-112383 05277 

4802-112383 0521'7 

48OS~lQE~lE3 07910 

4805-113316 07910 

48~3-237354~04113 

4802-,I12383 06217 

4803-159180 01910 

4802-116111 05277 

4902-116111 05211 

4802~,113308 MB10 

2816-197724 93682 

4805-183004 95303 

4805-152866 95303 

4805-159491 89536 

4805-203489 07910 

4805-159491 89536 

4805-169491 89536 

MFR TOT RE< 
PART NO WY QTI 

1702-219196 REF 

C4S?ARH250 REF 

TE1305 REF 

TEl305 REF 

C43lARH250 REF 

TE1305 REF 

C437ARH260 REF 

335B473M I. 

TE1301 1,l 

C43?AR,w60 1, 1 

lN4822 REF 

lN4822 =F 

lN4822 REF 

lN4822 REF 

lNQl4B 2 1 

IN148 REF 

lN3033A 11 

1314822 REF 

1Nl59~ 11 

lN4817 REF 

IN4811 REF'. 

CD18161 REF 

02"OS-013- REF 
5-200 

40250 REF 

2N2889 1 ,l 

4805-159491 REF 

CDQlO656 REF 

4805-159491 REF 

4805-159491 REF 

USE 
:ODl 



332WAF’ 

REF INDEX 
DESCRIPTION STOCK 

MFR 
. MFR TOT REC USE 

DESK NO NO PART NO QTY QTY COD 

Q? E4-P5 T&r, tilhn, NPN 4605~203468 07910 CDQ10656~:: REF 

Rl E5-UZ Res, camp, 10ac*1@&, 2w 4704-110169 01121 RBlOOl 4 

R2 Ha-T'8 Res, camp, s.Skt6%, l/W 4104-186161 01121 EB3326 “F ,” ‘: 

RS DS-Tl ma, camp, 15ont5%, 2w 4704-235192 01121 Ix31515 ,,,;.1 

R4 FS-U2 Hes, camp, 1oaa*16%, 2w 4704-110163 01121 HBlOOl I4EF 

R6 IS-R9 MS, COUP, 3.3kf5%, l/aw 4704-165761 01121 .EB3325 REF 

R6 DS-Pa &?a, camp, 7.5k +5%, 112~ 4104-108910 Oli2l EBTS26 "9 ,,' 
R7 H5-Rl Res, camp, 100ktlO%, i/hnr 4704-106126 01121 EM041 &F 

RB FS-R4 Res, camp, 12ohl *lo%,'zw, 4704-155591 01121 xB1211~ .4 " 

El-T1 Ree, camp, 12068+10%, 2w 4704-166631 01121. HB1211. ,+F 
._ 

RlO E2-Ql Re.s, camp, 4.WtlO%, l/zW 4104-106561 01121 EB4121 REF 

Rll Fl-P9 Rsa, corn& lOk+lO%, l/2w ~ 4104-102118 ,011al ~ EBlOSl kE,., 

R12 D&N4 Res, camp, ,lOkd%, 112~ 4704-108116 01121 EB1031, REF 

R13 Da-N1 Res, camp, lSk&, l/aW 4704-150632 01121 EB1695 REF 

R14 D9-N2 l&a, corn& lk+lO%, I&v 4704-102569 m21 2mioai, AEF 

RI5 IS-P1 Fle@,, wrap, 2.w *lo%, 1/m 4104-108605 ‘01121 EB2221 1' 

R16 G2-N4 Rea, come, lOOkdO%, ~/SW 4704-108126 01121 EB104i REF 

Rl? i-M-P1 _,, Res, camp, SBkt5%, 1/2w 4704-185991 01121 EB9695,, R.EF 

R16 G2-NS Res, camp, 99ik*i%, 'l/&v 4104-150201' Oil21 EBsS45 1 

It19 G2-Q6 Res, camp, ?.‘6k t5?$, 1/2W 4704-106910 01121 EB1525 REF 

R20 F4-PS Res, comg, 7.5k&, l/ZW 4704-106010 01121, EB7625. REF 

R21 F2-PS Res, camp, lk *JO%, l/aW 4704-102563 01121 EB102.1 REF 

R22 Y3-PI E&s, metilm, 12.lkb1%, l/Zw 4705-182636 75042 Type CEC-TO 1 

R23 JS-NZ Re$, var, VW, lOk~lO%, 1-114~ 4702+62115' 71450 Type110 ,l 

R24 J4-ua Flea, VW, ww, 150n**o$g, l-l/W 4ioa-119092 11450 Type110 1 

R25 ES-T2 Res, camp, l7.ontlo%, SW 4704-155551 01121 BB1211 REF 

R26 E2-AA l&s, camp, 12061 *lo%, 2w 4104-155591 01121 HB1211 REF 

F5-S2 mat Slnlc 4806-166768 69536 4206-156759 REF 

84-VI k&at am 4806-186742 895SB 4606-166742 ' 1 
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TIME DELAY P/C ASSEMBLY 

cap, elect, 400 uf +50/-lO%, 4Ov 

Diode, siUcon. 1 amp, 100 ptv 

Diode, Billcon, 1 amp, 100 piv 

Diode, &icon, I amp, 100 piv 

Relay, armature; 12 vdc, dpdt 

Siltcon ControUed rectifier, 1.0 amp, 
SOV 

Em, camp, 2.2.k *lo%, 2w 

Red, COMp, 5.6k “IO%, l/ZW 

Res, camp, 39osz +ro$, 1/m 

l3e8, com~~, 1Ok +lO%, 1/2w 

MFR 

89538 

13445 

05211 

05277 

05211 

80089 

03508 

01121 

01121 

01121 

01121 

IVIFR 
PART NO 

1102-192260 

!437ARG400 

lN4811 

1314811 

IN4817 

82-150 

C-8F 

ma221 

EB5821 

EB3911 

EB1031 

TOT REt 
OTY QT 

REF 

1 1 

REF 

REF 

UEF 

1 

REF 

2 

1 

1 

REF 

G H I N 

m 
,1,2,3,4,5,1,2,3,~,5,1,2,~,4,5,~,2,~,4,5,1,2,1:,4/5,1,2,~,4,5,1,2,~,4,5,1,2,9,4,5,l,2,~,4[ 

Figure 513. TIME DELAY P/C ASSEMBLY 

332BlAF 



332B/AF 

REF INDEX 
DESCRIPTION STOCK MFR 

MFR TOT REC USE 
IESIG NO NO PART NO QTY QTY COD 

Al HIOH VOLTAGE MOTHER, BOARD 1702-314831 8f%36 1702.314831 REF 
P/C ASSEMBLY - Figure 5-14 (332B/AF- 

4056) 
Al61 Series hss Element P/C Assembly 1702.314823 80536 1702.314823 REF 

(See Figure S-16) (332B/AF- 
4064) 

ATA- PreregulVor P/C Assembly 1702.314815 89536 1702-314815 REF 
me Figure S-16) (332B/AF- 

4082) 
Cl cap, elect, 126 ui +50/-lo%, 450v 1502-106336 56299 Type 66D 3 1 

C2, cap, elect, 125 uf +50/-m%, 45ov 1502-106336 56280 Type 66D REF 

c3 Cap, elect, 125 ti +60/-lo%, ,: 450~ 1502-106336 56269 Type86D REF 

Mode, slueon, 1 amp, 600 piv 

Diode, ailicon, 1 amp, 600 piv 

Diode, ailIcon, 1 amp, 600 piv 

mode, siucan, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 plv 

Diode, silicon, 1 amp, 600 Fiv 

Diode, &icon, 1 amp, 600 piv 

Dlcde, alucon, 1 amp, 600 piv 

Diode, alllcon, 1 amp, 600 plv 

Mode, slum, 1 amp, 800 piv 

Dlc&, .9iucon, 1 amp, 600 PlV 



332WAF 

Figure 6-14. HIGH VOLTAGE MOTHER BOARD P/C ASSEMBLY 



332EIAF 

WEX 
NO DESCRIPTION STOCK 

NO 

Diode, silicon, 1 amp, 600 piv 

Diode, ailicon, 1 amp, 600 ph 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, lamp, 600 plv 

Diode, slllcon, lamp, 600 plv 

Diode, silicon, 1 amp, 100 piv 

mode, silicon, 1 amp, 1OOpiY 

n&y, reed, 5,ooov 

Coil, reed relay, 24~ 

Relay, reed, 5,000~ 

coil, reed relay, 24v 

Rea, camp, 220k *lo%, 2w 

Rea, con'@, 220k +lO%, 2?+' 

Ftes, coq, 22Ok *lO%, Zw 

R@s, comp,'410k r5%, lw 

Res, corn& 41Ok t5%, lw 

R@s, camp, 1oratm, 2w 

Res, camp, 41osa *lo%, l/zw 

RW, camp, 5.1a *%, 1w 

Res, camp, 1on+1u%, 2w 

RW, camp, 21oa *lo%, aw 

Res, camp, 2.2lt*10%, a2 

Res, camp, 220k +lO%, 2%~ 

Res, camp, 22Ok +lO%, 2w 

Res, camp, 220k +lO%, 2w 

Res, VW, 2k +5%, low 

Transformer, pulse 

Connector, female, 16 contact 

connector, female, 16 contact 

4802-112383 

4802-112389 

4802-112383 

4902-112383 

4902-112993 

4802-116111 

qoa-mm 

5103-164440 

1602-186155 

5103-184440 

1902~186155 

4704-110197 

rior-ii0197 

4704-110197 

4704-100819 

4104-109819 

4704-110163 

4704-108415 

4104-219011 

4104-110165 

4104-110169 

4704-109067 

4104-110*91 

4104-110191 

4704-110107 

4706-155416 

5600-185821 

2107.285015 

2107-28501s 

MFR 

05211 

06211 

05271 

05n7 

OWIl 

05211 

05211 

12611 

11101 

12611 

11701 

01121 

01121 

01121 

01121 

01121. 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

06136 

99636 

01662 

01662 

MFR TOT RE< 
PART NO QTY QT1 

lN4622 REF 

lN4822 REZF 

lN4622 REF 

1314622 REF 

lN4822 REF 

IN4611 REF 

lN4817 REF 

DRVT-1 2 

SP-24-P REF 

DRVT-1 REF 

BP-24-P REF 

HE2241 6 

AB2241 REF 

HB2241 REF 

crB4145 ,a. 

GR4145 REF 

HBlOOl REF 

EQ4111 REF 

GB51G5 t 

WBlOOl REEF’ 

BB2lll 1 

HB2221 REF 

AB2241 REF 

HB2241 REP 

II82241 REF 

TypelOF 1 

5600-165627 1 

10-5000-016~ REF 
159-001 

O-5009-016- REF 
153-001 

- 

ISE 
301 
- 



REF INDEX 
DESCRIPTION STOCK 

MFR 
MFR TOT REC USE 

)ESIG NO, NO PART NO QT~ OTY coo 

Al111 SERIES PASS ELEMENT P/C 1702.3 14823 89536 1702.3 14823 REF 
ASSEMBLY - Figure 5-15 (332BjAF. 

Cl Cap, eer, 0.05 uf +EO/-lo%, 500~ 
4601) 
1501-105676 56289 93C58R 6 

c2 cap, elect, 0 uf +50/-lo%, 450v 1502-194066 56289 39DBOSF450- AEF ! 
HE4 

C3 cap, .0022 uf 5ov mylar, *lo%, 1507-313239 06001 75FlR5A224 1 

c4 Cap, 0.005 uf HO%, lOOv cer, 1501-175232 56289 C023BlOlE. I ‘S 
802M 

c5 Cap, elect, 20 uf +SO/-lO%, 16~ 1502-241356 73845 W26ARE20 1 : 

CR1 Diode, &con, 1 600 amp, piv 4802-112383 05217 IN4622 17 

CR2 Diode, sllican, 1 600 amp, plv 4802-112363 05211 lN4832 REF 

ma Dicde, silicon, 1 600 amp, piv 4802-112383 05217~ lN4822 REF 

CR4 Diode, sl!hon, 1 600 amp, piv 4802-112383 052W 1N4822 REF 

CRS mode, SIllcon, 1 600 piv amp, 4662:11238S 05211 iN4822 REF 

CR6 Mode, +S%, 16~ 4809-313221 12969 UZ8116 ,I 1 zener, 

CR1 Diode, silicon, 1 600 piv amp, 4802-112383 05217 lN4822 REF 

ma mode, BIllCon, 1 600 amp, PiV 4302-112333 05277 lN4822 REF 

CR9 Diode, siticon, 1 amp, 600 piv 4802:&12333 05!X7? lN4822 REEF 

CR10 Dicde, alllcon, 1 amp, 000 piv 4802-11238s 05277 IN4322 REF 

CR11 Dicde, allicon, 1 600 amp, piv 4602-112383 06271 lN4822 REF 

CR12 Dlcde, silicon, 1 600 piv amp, 4802-112363 052?‘/ lN4822 REF 

CR19 Diode, tiicon, 1 600 piv amp, 4802-112583 05277 lN4622 REF 

CR14 Did?, siLlcon, 1 600 piv amp, 4802-112383 052’77 lN4822 REF 

CR15 Diode, silicon, 1 amp, BOO piv 4802-11238s 06217 lN4822 REF 

CR16 Diode, eilicon, 1 600 plv LUII~, 4802-112383 05211 lN4822 REF 

CR17 Diodb, silicon, 1 600 piv amp, 4802-112563 05277 lN4822 REF 

CR18 Dioda,’ 20~ aener, 4603-113340 07910 lN968A 1 1 

CRlB Diode, zener, 36~ 4805-166163 07910 1N914B REF 

CR20 Diode, silicon, 1 100 piv amp, 4602-116111 05277 lN4811 3 

CR21 Diode. sillcon, 1 100 piv amp, 4802-116111 05211 lN4817 REF 

CR22 Diode, 6. aU eerier, 4803-180491 07910 lNl53 1 1 

CR23 Dbde, 206~ aener, 4805-217422 04719 lN305lA 6 1 ” 

CR24 Diode, zener, 200~ 4803-217422 04113 lNS051A REF 

3328/A!= 

‘E 

57 



332B/AF 

REF INDEX 
DESCRIPTION 

STOCK 
MFR 

MFR TOT REC USE 
DESIG NO NO PART NO GTY QTY COD 

CR25 made, eerier, 2oov 4803-21’7422 04719 lN305lA REF 

CR26 Diode, eerier, WOv 4303-217422 04719 lN305lA REF 

CR21 Diode, eerier, 2OOv 4803-211422 04719 lN305lA REF 

CR28 Diode, rener, 200~ 4809-217422 04113 lN305lA REF 

CR29 Diode, zener, 200~ 4803-217422 04115 lN305lA REF 

CR30 mode, zener, 2oov 4803-217422 04713 lN3051A REF 

CR31 Diode, silicon, 1 amp, 600 piv 4902-132363 05217 1314822 REF 

CR32 Diode, BiUcon, 1 amp, 100 piv 4802-116111 05211 lN49.11 REF 

Pl connector, male, 16 contact 2916-187124 01662 OZ-OlE-013- REF 
5-200 

$1 Tstr, silicon. NPN D 8 8 

QZ Tstr, Silicon, NPN ID REF 

Q3 Tatr, silicon, NPN D REF 

94 Tstr, silicon, NPN D r REF 

Q5 Tatr, sillcon, NPN D REF 

Q6 Tab, silicon, NPN ‘b REF 

Q? ntr, silicon, NPN D REF 

Q8 Tetr, silicon, NPN D REF 

a9 T&r, ailicon, uniiunction 4805-111116 03508 zN167lA 1 1 

410 T&i-, silicon, NPN 4605-202480 07910 CDQ10656 REF 

Rl Res, camp, 1.8k +lV%, 2w 4104-165993 01121 HE.1821 3 

R2 Res, camp, 1.8k tl@, 2w 4704-195083 01121 HI31621 REF 

R3 Rea, camp, 1.8k tlC%, 2w 4704-185963 01121 HEX621 REF 

A4 Ree, camp. 62k *5%, l/2w 4704-108522 01121 EM235 2 

R5 Res, CODIP, lOOk~lO%, 2w 4704-159650 01121 HI31041 1 
R-3 Res, camp, 56k +5%, lhw 4’704-219048 01121 EB5635 1 

R7 Res, camp, 1lct5%, l/zw 4704-108597 01121 EB1025 REF 

R9 Res, camp, 62k +6%, 1/2y 4104-108522 01121 EB6235 REF 

R9 %?a, camp, lkr5%, l/zW 4704-109507 01121 EB1025 REF 

RlO Rea, camp, 69k t5%, l/zW 4704-159624 01121 EB6835 1 

Rll Res, camp. lk &, 1/2w 4704-108597 01121 F/B1025 REF 

59 



- 
REF 

DEW 
- 
R12 

IL13 

R14 

R15 

R16 

Rll 

R16 

RID 

R20 

Kal 

R22 

R23 

824 

R25 

R26 

R27 

R28 

RZD 

R30 

R31 

R32 

R33 

R34 

R35 

R36 

R31 

RSB 

RSD 

R40 

R41 

- 

NoEX 
NO 

DESCRIPTION STOCK 
NO 

Rea, camp, 16kt5%, 1/2w 

Res, camp, lkt5%, l/zW 

Rmt, camp, 82k *5%, 1/2w 

Res, camp, lkt6%, lh 

Rea, camp, Blk+6+$, l/zW 

Res, eomp, lkt5%, l/zW 

Res, camp, lOOk*5%, l/av, 

'Res, come, lkd%, lh 

lies, camp, l.qi +5%, t/m 

Res, mmp, lOOk+5%, l/i& 

Res, camp, 1OOk +5%, l/zW 

Res, camp, 1OOk *5%, 1/2~ 

Res, camp, lOOk*5%, 1/2w 

Res, camp, lOOkr6%, l/zW 

Res, camp, lOOk+5%, l/zW 

,Rea, camp, lOOk t6%, I/zW 

Re& camp, 22k dO%, 2," 

Res. eomp, 2W tlO%,2w 

Res, camp, 22k +loob, 2," 

Rea, eomp, 22k *lo%, 2~ 

lies, camp, 22k *10%, 2w 

ma, camp, 22k t108, 2w 

Res, mmp, 2w+10%, 2w 

Res, camp, 15k *5%, 1/2w 

Res, camp, 5.x*5%, 1/4w 

Res, camp, 36k &, 1/2w 

Res, camp, 180&-b +5%, l/m 

Res, camp, 1.1kA.5%, 114~ 

Res, cottap, 1OOk t5%, l/by 

Res,comp, 5.1k AS%, 1/4w 

4104-106926 

,4104-108507 

4104-105066 

4704-106697 

4704-219030 

4104-108591 

4104-166054 

4704-108507 

4704-163717 

4704-166054 

4104-166064 

4704-166054 

4104-166054 

4104-166054 

4104-168054 

4704-166054 

4704-109915 

4704-109915 

4704-109975 

4704-100095 

4704-109915 

4104-100075 

4104-109915 

4704-106926 

4704-193342 

4704-165991 

4104-106944 

4104.267336 

4104-166054 

4704.19334: 

MFR 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01123 

01121 

01121 

01121 

01121 

01121 

OllZl 

01121 

01121 

01121 

EBl535 

EB1025 

EBD235 

EB1025 

EBB135 

EB1025 

EM045 

EB1025 

,EBllES 

EB1045 

EB1045 

EB1045 

EB1045 

EB1045 

em045 

EB1045 

HB2231 

,HB2231 

HE!2231 

HB2291 

RB2231 

BE2231 

RB2231 

EB1535 

CB5125 

EB3635 

EB1815 

CB1125 

EBlOkS 

CB5125, 

REF 

1, 

REF 

1 

REF 

9 

REF 

1 

REF 

REF 

REF 

REF 

REF 

REF 

REF 

1 

REF 

'REF 

REF, 

REF 

REF 

REF 

KEF 

REF 

REF 

2 

REF 

REF 

2 

332BiAF 

- 
ISE 
3DI 
- 



Rcs, camp, Ik fS%, i/z* 

Rus, cump, 5.lk *5%0, 1/4w 

Inductance, 2.2 MH 

Inductance, 2.2 MH 

Inductance, 220 uh 

Tstr, silicon NPN 

ntr, silicon NPN 

D Ql thru Q9 may be Fluke Part No. 4905-390710, Mir 04713, Mfr part No. 2N3730; 
or Fluke Bwl No. 4805-225513 , Wr 95909, Mfr Part No. 2N4399. R is neceseary, 
however, that all e&ht must be the Bame t@. Example: If all elf&t are 2N4299, a 
replacement of one or more should be a 2N4200. 
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Figure 5-15. SERIES PASS ELEMENT P/C ASSEMBLY 



332BIAF 

62 

_., 

DESCRIPTION 

bREREGUl.AtQR P/C ASSEMBLY 
Figure 5-16 

cap, cei-, 0.05 UI +so/-lo%, 50( 

cap, cer, 0.05 uf +ao/-tm, 5Of 

Cap, elect, 250 uf +50/y 10%. 16” 

Cap, elect, 250 uf +co/-1,096, 
16~ 

cap, myht, 1 .o Uf .*209b, 2oov 

cap, cer, 0.05 uf +so/-lc%. 50[ 

cap, mylar, ,001 Uf * lO%, 2oov 

Cap,cer,O.OS uf+80/-lO%,SOOv 

Diode, silicon, 1 +np, 1OOih 

mode, silicon, I. amp, 100 piv 

Diode, silicon, 1 amp, 100 piv 

Diode, silicon, 1’ amp, 100 piv 
., 

Diodk, silicon, 1 ami, 100 piv 

qicde, sillcon, lamp, EOOpiV 

.Dl@e, silicon, lamp, 6OOpiv 

Diode, aiLIcon, 1 amp, 6OO@v 

mode, sillcon, 1 amp, eoo.piv 

Dlcde, sIllcon, 3 amp, 2oOpiv 

Dkde, silicon, 3 amp, 2OOpiv 

Dkde, sillcon, 3 oq, 2OOpiv 

,' mode, SilkIn, 3 amp, 2oopiv 

mOd.+zener, 200~ 

Diode, slllcon, lamp, 1OOplv 

MO&,' [LIILml. lamp, 1oopiv 

Diodc,silicon, 1 amp, 100 piv 

Relay, armature, 115vac, dpdt 

R&y, reed, ~O!av 

Coil, reed relay, a4v 

connector, male, 16 contact 

StQcK 
NO 

MFR 

1702.314815 89536 
(332B/AF- 
4082) 
1501-105616 56?89 

1501-105676 56289 

1502-187765 73445 

1502.187765 72446 

1507.106450 72928 

1501-106676 56269 

1507-159582 56289 

1501-105676, 56289 

4802-116111 05271 

4802-llblil OS277 

4802-116111 052T'l 

4802-116111 05277 

4802-116111 05277 

4802-112389 06277 

4802-112323 05271~ 

4802-112323 05217 

rsba-llzssa 06277 

4801-187736 04715 

4802-181716 04719 

4602-197716 04113 

4803-167716 04113 

4803-187617 04713 

480a~116111 05271 

4802-116111 05277 

4802-116111 05277 

4501-lOi 16332 

6109-136630 32617 

1802--186355 11707 

2816-181124 81662 

C437ARE250 



REF INDEX 
DESCRIPTION 

STOCK MFR 
MFR TOT l?EC USE 

DESIG NO NO PART NO QTY QTY COD 

91 Tstr, silicon, NPN 4005-193953 05271 320C034H31 1 1 

92 Tstr, silicon, NPN 4811-261347 16758 Type DTS410 1 

Q3 Tstt, tested, silicon, NPN 4819.203489 07910 CDQ10656 REF 

Q4 Tstr, tested, silicon, PNP 4805-159401 89536 4805-159491 HE G 

95 Tst,r, silicon, NPN 4805-203489 01910 CDQ10656 Rrw 

Q6 Tstr, tested, sillcon, PNP 4805;159491 89536 4805-158491 REF 

Ql Tdr, silicon, NPN 4805-203489 07910 CDQlOG5G RLF 

QS Tstr, silicon, PNP 4805.159491 89536 4805-159491 REP 

Q9 Tstr; silicon, PNP 4805-159491 89536 4805.159491 REP 

Rl I&s, cqmp, 68sl *lo%, 2w 4704-110209 01121. nm301 ‘, ,l’, 

R2 nes, WV, 0.10251+1%, 3w ’ 4107:238741 09536 4107-238741’ :l 1 

It4 ‘RBs, ww, lk f5%, SW 4706-113282. 63743 Type 5F1000 ,:1 

R5 Res, CO111,~, 22k‘*5%, l/al 4704-186064 01121 En2235 : REF 

RG 4706.112425 RCS, ww, mt105b, SW 44655 lW48F 1 

Rl RCS, camp, 220$1 *lo%, 1/2w 4704-108191 01121 EB2211 1 

AB nes, cotnp, 43m2 +5%, l/ZW 4704-1,0$054, 01.121 El34315 1 

RO Rss, comP, 1OOa25%, 1/2w ; 4704-188508 01121 ’ EB,l015 REF 

Ill0 Res, camp, 2.2k fS%, 1/2w 4704-108506 01121 Em035 REf 

Rll Etes, camp, loon *5%, 1/2w 4704-180508 01121 El3101,5 REF 

RlZ Ret, camp, 1k 1;5%, 1/2w 4704-10859-l 01121 ,EB1025 REF 

R13 Res, camp, Ik eS%, 1/2w ,4704-108597 ‘01121 EBl025 2 

RI4 Res, camp, Ik *5%, 1/2w 4704.108597 01121 EBl025 RE F 

RI5 Rcs, camp, 4.7k +59& 1/2w 4704-10888G Oil21 EB4725 1 

R16 Rcs, amp, 3.31~ t5%, 1/2w 4704-165761 01121 ED3325 REX? 

R17 Res, camp, lk fS%, 112~ 4704.108597 01121 EB1025 RIZF 

RI8 Res, comP, 56Ofi fS%, 112~ 4704-109124 “1121 EB56 15 1 

RI9 Res, come, 680 r5%, 1/2w 4704-178384 01121 EB6805 I 

Heat sink 4841-314807 89538 4841.314807 1 

. 
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Figure 5.16. PREREGULATOR P/C ASSEMBLY ,: ,,“,.I,. 
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NOTES: 
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SECTION 0 
GENERAL 

O-1. Scope 
O-2, This manual includes installation and operation instructions and cwers organizational, direct support 
(DS), and general support (GS) maintenance. It describes the Time-Mark Generator, Tektronix Types 184, and 
184 MOD 146B. 
O-3. The basic issue items list appears in Appendix D. Appendix D is current as of 18 November 1971. 
O-4. Index of Publications. 
O-5. DA Pam no-4, Refer to the latest issue of DA Pam 310-4 to determine if there are any new editions, 
changes, or additional publications pertaining to the equipment. 
O-6. DA Pam 310-7. Refer to DA Pam 310-7 to determine whether there are Modification Work Orders (MWO’s) 
pertaining to the equipment, 
O-7. Forms add Records 
O-8. Reports of Mainlenwce and Unsatisfactory Equipment. Use equipment forms and records in accordance 
with instructions given in TM 33-750. 
O-9. Report of Pa&a&g and Handling Dejkimcies. ,Fill out and forward DD Form 6 as prescribed in AR 700-58 
(Army), NAVSUP Pub 878 (Navy), AFR 71-4 (Air Force), and MC0 P4030.29 (Marine Corps). 
O-10. Dhrepancg in Shipment Rqvmt.~ Fill out and forward Discrepandy in Shipment Report (DISREP) (SF 
361) as prescribed in AR 55-38 (Army), NAVSUP Pub 459 (Navy), AFM 75-34 (Air Force), and MC0 P4610.19 
(Marine Corps). 
O-l 1. R@mrting of Errors. 
O-12. The reporting of errors, omissions, and recommendations for imptoving this manual is encourllged. Re: 
ports should be submitted on DA Form 2028, Recommended Changes to Publications, and forward direct to: 
Commanding General, U. S. Army Missile Command, AlYN: AMSMI-MFM, Redstone Arsenal, AL 35809. 



Section 1 

Introduction & Specifications 

1.1. INTRODUCTION 

1-2. The Model 332B/332D IX Voltage Standard pro. 
tides dc voltages from 0 to 1111 volts with an accuracy of 
~0.00%. Output current is rated at 0 to SO milliamperes. 
-Ihe output voltage is set by seven in-line decade wttches. 
Separate tcrminels are provided for sensing the output volt- 
age ditittly at the load, eliiinating error8 due to voltage 
drop in connecting wires between the instrument and load. 

1-3. Protection ageinst possible equipment failures or 
operator errors, which might damage expensive in&u- 
ments, are incorporated. ‘Ibe VOLTAGE TFdF and VER- 
NIER controls provide a means of limiting the output volt- 
age withii the s&&d range. Should the output voltage 
exceed a preset limit, the OU’IYUT terminals are de-ener- 
glzed. A current limiting circuit limits the available cumnt 
to a level determined by the setting of the CURRENT 
LIMIT control. 

14. 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. 

1-S. 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. 

I-6. ELECTRICAL SPECIFICATIONS 

OUTT’UT VOLTAGE 
Oto1111.1110voltsdc 

RW, 1 

VOLTAGE RANGES 

RESOLUTION 
0.1 ppm of rangd (1 U” maximum) 

ACCURACY OF OIJli’UT 
The following accuracies are absolute, relative to NBS stan- 
dards, and include effects of stability, line regulation, load 
regulation, and calibration uncertainties under standard re- 
ference conditons of 23°C +l”C and up to 7WS relative 
humidity. 

TEMPERATURE COEFFICIENT OF OUCWT 
Less than (0.0002% of setting + 1 uv) per OC from 0 to 
t50 oc. 
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S’MIWL~ OF OUlPUT 

l?mF 3328 332D 
(volts) Month YCU Month 

10 +(o.ool% of *(0.002% of f(5 ppm of setting C 7 uv) 
setting+ 10 uv) ming t 20 uv) 

100 *(o.ool% of *(0.002% of f(5 ppm of setting + 30 uv) 
setting + 20 uv) setting+ 40 uv) 

1000 *(o.ool% of L(O.o02% of 2(5 ppm of setting +30 uv) 
setting * 20 uv) setting+ 40 uv) 

OUTPUTCURRENT 
0 to 50 milliamperes at any output voltage. 

OVERCURRENT PROTECTION 
Continuously variable front-panel control. Automatically 
limits output curreflt at any present level between one and 
60 milliamperes. Panel lamp illuminates during limiting. 
Norma! operation restored upon removal of overload. 

OVERVOLTAGE PROTECTION 
Front-panel control continuously variable from Iv to 
i2OoV. Automlltically disables output voltage if level 
exceeds selected value. Manual reset. 

RIPPLE AND NOISE 

Range (volts) 

10 
100 
1000 

Ripple and Noise (uv rma) 

20 
30 
40 

OUlT’UT RESISTANCE 
Less than O.M)05 ohm OI (O.C@OlE,) ohms, whichever is 
greater, at ac. 

SETFLING TIME 
Withirl 10 ppm of final output, less than 2b’seconds after 
a range change. 

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

LDAD’REGULATION 
0.0002% of setting or 10 uv for full. load change. 

COMMON MODE RHECTION 
Better than 140 db from dc to 400 Hz up to 700 volts rms 
01 1000 volts dc. (Output voltage changes less than IO-’ of 
the applied common mode v&age.) 

ISOLATION 
Either output terminal may be fIoated up to 1000 volts dc 
from chassis. 

REMOTE SENSE 
Separate terminals are provided for sensing the output volt- 
age directly at the load, thus reducing errors due to voltage 
drop in the output leads between the instrument and the 
load. 

METER 
(switch selectable) 0-12W vdc 

1-7. ENVIRONMENTAL SI’ECIFICATIONS 

OPERATING TEMPERATURE RANGE 
m to 50% 

RELATIVE BuMIDm 
oto70% 

STORAGE TRMPERATURE RANGE 
-40% to +6PC. 

ALTITUDE 
10,000 feet operating; 5OpOO feet non-operating. 

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

l-8. MECHANICAL SPECIFICATIONS 

MOUNTING 
Standard HA relay rack (tapped for attachment of slides), 
resilient feet provided for bench use. 

Rev. 1 
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I-9. GENERAL SPECIFICATIONS 

DESIGN 

INPWT POWER 
115/230 volts ac +lG%, 50.60 Hz, single phase. ,,,APPx~-,, 
mately 130 M under full load. 

Solid-state throughout. 
FUSES 

SUE 

7 inches high by 19 inches wide by 18% inches behind pan& 

One power line and one high voltage fuse. 

FUNGUS NWTRIENTS 
None. 

WEIGHT 
133 pounds. 

MERCURIC COMPONENTS 
NOW. 

Figure 1.1. MODEL X428/3320 OUTLINE DRAWING 
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U.S. Army Equipment Index of Modification 
Work Orders. 
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Section 2 
. 

Operating ~lnstruct~ons 

Z-1. INTRODUCTION 

2.2. m swtlon provides bUtruction8 for operating the 
Model 3328 and 332D. Before Op.%atb,E the instrument 
for the fmt time, please mad paragraph 14, CONTROL. 
TERMINALS, AND INDICATORS, and the lnforn~tlou 
contained in Pig& 2.1. &fore um the instrument, a few 
optionat control adjuatmente and, terminal connections, 
yhkh - the instrument’s performance and pmvlde 
eafely to external equipment, should be cooeldered. ‘Ihem 
adjusUnerts and connections are described in paragraph 
38, Pl?JWMfNARY OFEIUTION. Ianruetiona for oper- 
atig the instrument as a voltage standardare @VW in paR- 
graph 2-20. Additional applications in combination wltb 
other htruments are given in para@+ 2-22. 

2-3. If you encounter any problem in operation of your 
instrument, please contact your nearest John Fluke mles 
representative or write directly to the John Fluke MfgXo., 
wi+ a statement of the problem. please include the se&d 
number of the instrument in such correspondence. 

24. CONTROLS, TERMINALS AND 
INDICATORS 

2-5. The name and function of the front and rear panel 
controls, terminals, and indicators are illustrated and de- 
scribed in Fiie 2.1. The numbers at the tails of the arrow 
callouts correspond to the reference numbers in the chart 
immediately following the photographs. 

24,. INPUT PDWER 

%-I. Tlte power trartdotmer has dual prhnary wlndb~. 
Nonnatly, thtxe prlmry wittdtngs are coonested in parallel 
for 115 volt operation. Upon request, the primary wind- 
btp am cMiMct@d in mrlm at the factory for 230 volt oper* 
atton. should it became desirable to convert the instm- 
mentf~~onp~typsofpowsr~~~operationtotheother, 
refer to pkgtaph 4-18. 

2.8. PRELIMINARY OPERATION 

2-a wwrnl 

210. Before opratblg the blstnlment, some prelim- 
inary ssttbtgs and wnnectioons should be considered. 
Whether you use thew settings and wnnections, or not, 
depends upon the degree of equipment safety and accuracy 
required. The following five paragraphs discuss the merits 
and procedurr~ for each of the settings and wnnections. 

z-11. Volt+ Trip Setting 

212. I~~OLTAGE TRIP dtchand VE~IERCO~- 
trol provide ,protection to external equipment by limiting 
the ntaximuitt allowable’ output voltage to the external 
load. The rang.e of voltage limiting is selected’witb the 
VOLTAGB TRJP switch. Refinement of the value of .the 
voltage to be limited is accomplished with the VERNIER 
control. If no,degree of liitiog is required within rtre 
rPo@r of the iostmment, set the VOLT+GE TRIP switch 

2-l 
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position of the METER witch. The metervoltaQe range depends on 
the setting of the VOLTAGE RANGE switch. The current range is 

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



REF. 
NO. 

14 

15 

NAME 

VOLTAGE TRIP Switch 
and, VERNIER Control 

,CURRENT LIMITcontrol 

OUTPUT Terminals 

SENSE Terminals 

GUARD Terminal 

Readout Dials 

Decimal, Lamps 

Mechanical Zero adjust 

Fuse, line 

Fuse, high voltage 

332913320 

FUNCTION 

The VOLTAGE TR,lP witch provides a means of limiting the output 
voltage in three ranges (IO, IqO, and 1000 volt?1 independent of the 
VOLTAGE RANGE switch. The VERNIER control varies the amount’ 
of limiting within the ranges of ths VOLTAGE TRIP switch. When a” 
werwoltage condition exists, the red indicator lamp “ear the VOLTAGE 
TRIP switch will illuminate and the red lamp “ear the POWER witch 
will be extinguished. 

Provides 8 means of setting e limit on the magnitude of the output 
urrrent within e range to 0 to 60 .milliamperes. A” ovevcurrent 
condition is signified when the indicator lamp, “ear the CURRENT 
LIMITcontrol. illuminates. 

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

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

When Properlv connected. provides a meane of eliminating circulating 
ground ~“rrents through the load. 

Powerline ground. 

Select end indicate the output voltage. The recessed numbers directly 
above each dial provide in-line readout of the OUtpUt voltage. When 
a dial is set to “X” (IO), it rePresents 0 with 8 1 carry-over to the 
digit to the immediate left. For example: IO. X X X X X X represents 
ll.111l10volts. 

These lamps indicate the proper decimal point Setting when illuminated 
and are controlled by the RANGE ,e,vltch. 

Provides e means of setting the meter mechanical zero,. Adjustment 
should be made after the instrument has bee” &mpletely de-energized 
for et IeaR 3 minutes. 

A 3 ampere slowblow fuse for 115 volt power line operation. Use a 
IX ampere slowblow fuse for instruments convened to 230 volt 
power line operetio”. 

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

Figure 2-l. CONTROLS, TERMINALS, AND INDICATORS (Sheet 2 of 2) 
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to 1000 and the VERNIER fully clockwise. Should some 
degree of limiting be desirable, proceed as follows: 

a. Without any load connected to the OUTPUT tenni- 
“ah and the POWER switch in the STDElY/RESET 
position, set the froet-panel controls as follows: 

RANGE As desired 
VOLTAGE TRIP To the lowest range that 

overlaps the desired trip 
voltage 

VERNIER Fully cw 
CURRENT LIMIT As desired 
METER Voltage 
Readout Dials Desired trip voltage 

b. Set the POWER witch from the STDBY/RRSET 
position to OPR. 

c. Slowly rotate the VERNIER control counter-clock- 
wise until the indicator lamp “car the VOLTAGE 
TRF switch illuminates and the red lza”p “cat the 
POWER switch is extinguished. The voltage trip is 
now set to the value indicated on the 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, the” to OPR. 

2-13. Current Limit Setting 

2.14 The CURRENT LlMlT control provides a mea”s 
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 FUIIY clockwise 
METER Current 
Readout Dials 1 volt 

b. Place a short across the OUTPw terminals. 

c. Set the POWER switch to the OPR position. 
2-4 

desired Limiting current. 

e. Place the POWER witch in the STDBY/RESET 
position. Remove the short. Current limiting ia now 
set to the desired value for any output voltage. 

2-15. Sense Connections 

216. When a load ia connected, there may ba a” ap~rc- 
ciable voltage drop between the i”strume”t and the load, 
depending on the length and gauge of the connecting leads. 
The “omopaph of Figure 2-2 ~a” be used, to determine the 
apprwimate voltage across the w”“ecti”g wire leads. 

2.17 Using the nomograph of Figure 2-2, lay a straight 
edge from the value of the output current, represented on 
scale 1, to cc gauge of the connecting wires used, rspre- 
sented on scale 2. The voltage across the co”“ecting 
wires, expresssd 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 us@ to 
connect a load, requiring 50 milliamperes, to the Model 
‘332B. With a straight edge, connect the know” current 
on sale 1 (50 ma) and the wire size on scale 2 (NCK 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 loo0 volts output. To compensate for this, the in- 
strument is equipped with remote scnwiig, which maintains 
regulation at the load. Consequently, the voltage acmes the 
connecting wires wiU have no efffct. Detennlne if the wire 
leads w&to cotmcct the instrument to the load, vrill cause 
a voltage drop in cxccss of the load regulatioe specifIca- 
tions. If this voltage drop is excessive, remote se”sinp 
should be used. To prepare the instrument for remote ~a”- 
sing, proceed aa follows: 

8. 

b. 

With the POWER switch set to OFF, or to STDBY/ 
RESET, remove the fro”t.pa”el shorting links be- 
tween the SENSE and OUTPUT terminals. 

Using a twisted pair of insulated wires, connect the 
tSENSE terminal to the positive side of the load, and 
connect the SENSE terminal to the negative side of 
theload. 



CAUTION 

‘Z-W., duafd Connection 

Z-19., yqQhg ~strurn~~~ ,,, is ,~mlqd to .another 
:hstmitent @oth instruments grounded through their re- 

33281332D 

between the power line grounds of the two instruments. 
This potential difference can cause circulating ground 
currents, which could cawe 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 
circulati,ng ground currents, thus eliminating possible errors 
in thd’outp& voltage.’ For proper connection, connect the 
GUARD terminal directly to the grounded side,of the’ 
lqpad, at the load. Figure 23 illustrates the ckrect GUARD 
t&&al conkction and the r&routed circulating ground 

‘,spective -power”coids), a potential difference may exist current path. 

Figure 2-2. NOMOGRAPH OF VOLTAGE DROP ACROSS LOAD WIRES 

2.5 
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2-20. Operation 

2-21 Operate the instrument in accordance with the 
following procedure: 

il. Set the METER switch to VOLTAGE. 

b. Scr the POWER switch in the STDBY/iIESET po- 
sition. Allow at lcast a 10 minute warm-up period. if 
the instrument hasjust been energized. 

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

d. Set the CURRENT LIMIT control fully clockwise 
(60) or to a predetermined value, using the procedure 
of paragraph 2.13. 

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

f. set the VOLTAGE TRIP and VERNIER controls 
fully clockwise or to a predetermined value, using 
the procedure of paragraph 2.11. 

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

2.6 

b. If desired, connect the GUARD terminal to the 
grounded side of the load in accordance with para- 
graph 2-18. 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 2-15. 

i. Connect the load to the OUTPUT terminals. 

j. Set the POWER switch to the OPR position. 

k. 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,thc CURRENT position. 

2-22 APPLICATIONS 

2.23. The Model 3328 and 332D is designed for apple- 
cations requiring P highly stable precision calibrator 01 rc- 
ference voltage source. When operared in conjunction with 
a precision reference ditidcr and a null detector, fhc Model 
3328 may bs set to provide voltages ofk.lO ppm accuracy, 
traceable to the National Bureau of Standards. The unit 
may also be used as a dc differential voltmeter in wmbina- 
tionwith the null detector.These applications are described 
in the following paragraphs. The Model 332D will provide 
the above accuracy without additional equipment. 



2-24. Operation es a 10 PPM Calibrator 

2-2s. The output voltage of the Model 332 may be 
standardized to the’ knbwe emf of a standard cell by 
operating the Model 332 in combination with a Fluke 
Model 75OA’ Refer&cc Divider and i Fluke Model 845AB 
Null Detector. This instrument combination will provide 
voltages from 0.1 to 1100 volts with an accuracy off 10 
ppm and iraceability to the National Bureau gf Standards. 
For proper’ operation of this instrument combination, 
proceed as follows: 

a. 

d. 

Set She Model 75OA controls as follows: 

INPUT VOLTAGE ADJUST 
switch 

INPUT VOLTAGE ADJUST 

RESET 

controls (COARSE and FINE) midposition 

STANDARD CELL CIRCUIT 
switch OPEN 

STANDARD CELL VOLTAGE value of standard 
to be used 

OUTPUT VOLTAGE switch as desired 

Set the Model 332 controls as follows: 

POWER STDBY/RESET 
VOLTAGE RANGE as desired 
Readout Dials as desired 
VOLTAGE TRIP and VERNIER as desired 
CURRENT LIMIT 2ma 

Connect the equipment as ‘illustrated in Figure 24. 
Ensure that the equipment connections are in the 
proper polarity. 

Adjust the Model 332 to provide an output voltage 
corresponding to the desired input voltage level of the 
Model 750A. Set the POWER switch of the Model 
332 to OPR. 

Set the INPUT VOLTAGE switch of the Model 7SOA 
to the position corresponding to the dialed voltage 
of the Model 332. 

NOTE! 

Place the STANDARD CELL CIRCUIT switch of the 
Model 750A to the MOMENTARY position and note 
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the indication on the Model 845AB. Set the P.ANGB 
switch of the Model 845AB to increasingly mw 
sensitive ranges while adjusting the Model 332 read- 
out until a zero indication is obtained on the Model 
845AB on the 10 microvolt range. 

Calibration voltages of 10 ppm accuracy are now 
available at the OUTPUT VOLTAGE terminals of the 
Model 750A. Tbc setting of the OUTPUT VOLTAGE 
switch should not exceed the input voltage. 

2-26. Operation as a 20 PPM Differential 
Voltmeter 

2.27. The Model 332, in combination with the Fluke 
Model 845AB Null DETECTOR may be operated as a 
differential voltmeter, with an accuracy of k20 ppm (+I0 
microvolts). Proceed as follows: 

8. 

b. 

c. 

d. 

e. 

Connect the equipment as shown in Figure 2-5. 

Set the RANGE, switch on the Model 845AB to the 
approximate value of the voltage to be measured. 

Set the Model 332 controls as follows: 

POWER STDBY/RESET 
VOLTAGE RANGE Lowest ran@ which covers 

approximate value of the 
unknown 

Readout Dials Approximate value of the 
unknown 

METER VOLTAGE 
VOLTAGE TRIP As desired 
CURRENT LIMIT 2nm 

Set the POWER switch of the Model 332 to OPR. 
The Model 845AB should indicate zero volts. 

Set the RANGE switch of tbc Model 845AB to 
increased null sensitivity and adjust the readout dials 
of the Model 332 for zero indication on ihe Model 
845AB. Final null should be made on the 10 micro- 
volt range of the Model 845AB. Accuracy of the 
measurement is as follows: 

RANGE 
IO 
100 

1000 

ACCURACY 
f20 ppm (HO uv) 
so ppm @20 uv) 
A20 ppm (+40 uv) 

2-28. Standard Cell Comparison 

2-29. The Model 332, in combination with a Model 
R45AB null detector, may be used as a transfer device for 

2-7 
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Figure 2.4. OPERATION AS 10 PPM CALIBRATOR 

2-8 



comparing voltages to 1.0 ppm resolution. An application 
ti the comparison of saturated and unsaturated standard 
cells. Connect the equipment as shown in Figure 2-5. 
Determine the value of the unknown standard cell 88 
5IlOWS: 
a. Using the Model 332,jModel &GAB combination 

*s a differential voltmeter, meaS”re the voltage of the 
laboratory reference standard cell. The fhel null 
should be made on the 10 microvolt range of the 
Model 84SAB. Record the readout of the Model 
332 and label this value E,. 

b. Measure the value of the standard ceU to be compared 
with the reference standard. Final null should be 
made on the IO microvolt range of the Model 845AB. 
Record the readout of the Model 332 and label this 

c. Determine the value of the unknown standard cell 
(Ex) by using the 5llowing equations: 

E2.El= AE (1) 
e,=E,+ AE (2) 

El = Value of the reference standard 
cdl, as measured with the 332/845AEL 

E2 = Value oi unknown standard cell, 
at measured with the 332 /&GAB. 

E. = Certified value of the reference s 
standard cell. 

By = C.3lculated vallle of the unknowb 
value Q. standard cell. 

Figure 2-5. OPERATION AS 20 PPM DIFFERENTIAL VOLTMETER 
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Section 3 

Theory of Operation 

3-1. INTRODUCTION 

.3.2. This section dekribes the theory of operation of 
the &s&l 332B and 3321). Refer M the functional Bchc 
matic diigrams in conjunction with the text. The diagrams 
are lo&d in the reti ,of this manual following Section V. 
,Persons doing touble sbo&ing should be thomugbly fan@ 
‘iar with circuit Operation before attempting to trouble 
shoot the unit indetail. 

34. FU~NCTIONAL DESCRIPTION 

.+4. This voltage standard ia e series regulated power 
su?ply bask.$y consisting of the voltage control circuitry, 
pxereplation circuitry, and protection circuitry. The volt- 
age ?nttrol circuits are the main regulation circuits x&m- 
spend @, load, WGE, and readout diel changes. Figure 
3-1 illutr~tes a simplitied +cl~ematic diagram of the voltage 
cos~l circuitry. The error amplifier and series +H ele- 
ment, illustrates in tha sbaded~portion, together constitute 
a *,operational amplifier. The tendency of the operational 
amplifier is, to m.&intaio the som&g p&t effectively at 
+SEFjSE potential. III this condition the output voltage of 
the voltage standard is equal to the ratio of the sample sty@ 
yistance (RREAp3LJq to the range resistance (RlL4NGE) 
times the reference (%FEBENCE), an illustrawd in Fii 
we ,3-l: The constant reference voltage (ERePBBXNCE), 
in combination ,with the appropriate series resistance 
(RRANG13),~ provides a con&id current to the sample 
string. Due to the constant curtent, the wt 

il 
ut is propor- 

tional to the renlstmce of the sample string ( READOUT). 
SbW.t tbt ttmIency of the operational amplir is to main* 
hiin the summing point at tSENSE potential, the output 
voltage is equal to the sample striog voltage. Cbangiog the 
setting of the readout dials (tiple etri@ causs the output 

voltage to change corce$pondb@y. Each change in the 
lUNGI switch setting causes the constant current to 
change by a factor of 10, thus the output voltage changer 
by the same factor. A detailed blodt diagram is illustrated 
in the Functional Block Diagram (3328.IOOO), following 
Section V. I~I this diiam, the chopper amplifier, differen- 
tial amplitkr. and series pass driver constitute the error em- 
plifmr of Figure 34. 

3-5. Series regulated power supplies have the inherent 
disadvantage of low effciencyEy. 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 tram- 
freer cfrcuit. In thin instrument, a unijun~tion oscillator 
cblit rnOnitmS 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 folkwave control of the input line voltage to the 
primary of the high voltege transformer. Thus, the power 
supplied by the high voltage transformer is $ontrokd to 
provide only that amount necessary for the load require- 
ments. This in turn increases the overall effxiency of the 
instrument. This also accounts for symbolizing the unregw. 
lated dc voltage, in Figure 3’4, a8 a variable dc voltage. 

3.5. Circuitry, for protection of personnel as well BS ex- 
temal eqoipment, is provided. The instrument contains ao 
interlock vetem to de-energize the high voltage circuits 
Witbin the imtmmtnt when the covers are removed. A 
limit may be set for the output voltage and/or current. 
Whenever the output voltage M current tries to’exwd the 
set limit& the ketrument output is desnergkd. Therefore, 
sensitive external equipment can be protected from exe& 
aive voltage sod Current. 
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R READOUT 

E REFERENCE 

Figure 3-l. VOLTAGE CONTROL CIRCUITRY 

37. CIRCUIT DESCRIPTIONS 

3-s. Voltage Control Circuitt-f 

3.9. Referewa Ciiuita. The basic reference volt&e 
for the instrument is supplied by zener diode CR1402. 
This diode is located in a proportionally controlled oven 0” 
the Master Voltage Reference P/C Assembly (ASAl+sche- 
matk 332B-1002). Current through the reference zener 
diode is maintained constant by a constant current source 
consisting of Q1401, CR1401, R1403, and Rl. These 
components, except for RI, are also contained in the oven 
assembly for environmental stability. 

3-10. A constant temperature is maintained in the 
proportionally controlled oven by the temperature regu- 
Ming circuitry, located on the Master Voltage Reference 
P/C Assembly (ASAI). The tRnperaturc regulator circuitry 
consists of a differential anplifier (Q3 and Q4), a Darlbg 
to” amplifier (Ql and QZ) and associated circuitry. One 
input to the differential amplifier, the base of Q3, is 
connected to wmmo”. Consequently, the output current 
from the collector of Q3 kproportional to the current into 
the base of Q4: The temperature meffident of RI402 is. 
negative. Therefore as temperature decreases, the current 
into the base of Q4 increases, which increases the base 
drive of Q2. The increased current into the base of 92 
increases the current through the heater (R1401). Because 
of the Darlington confiuration of Ql and Q2, a small 

3-2 

change in current into the base of Q2 results in, a sig. 
nificant change in current through R1401, thus prwiding 
close regulatian of the oven temperature. 

3-11. The constant output voltage from the reference 
tenet diode is applied to the Reference Calibration P/C 
Assembly (A4-Schematic 3329~1001). This assembly 
provides three constant operating currents’ to the sample 
string for the three output ranges. The zmer,refknce 
diode prwides a constant voltage of approximately 6.3 
volts. This voltage is reduced by Rl, calibration adjustment 
R2, and R3 to 6.02 volts. Resistors R9 and RIO provide a 
1 miutipere current for the 1000 volt range. Resistors R7 
and RS provide a 0.1 milliampere current for the 100 volt 
range. Resistors R4, RS, and Rb provide a 0.01 milliampcr~ 
current for the 10 volt range. One of the three currents is 
selected and supplied to the sample string, depending upon 
the position of the RANGE switch. 

3-12. The Sample String P/C Assembly (A2-Schematic 
332B-lCO3) is a resistance string whose value is controllable 
by the front-panel readout dials. The resistance of the 
sample string is such that the constant current through 
it develops a voltage equal to the value set on the readout 
dials. 

3-13. chopper Ampliiw. The voltage at the summing 
junction is applied through pi” 5 to the junction of Rl 
and R4 on the Differential Amplifier P/C As&embly 



(ASA3Schematic 332B-1002). One path is provided for 
dc changes through RI and pin 6 to the input of the 
Chopper Amplifier P/C Assembly (AfiA4Schematic 332B- 
1002). The other path is ibr ac changes through the 
differential amplifier circuitry to be described later. The 
chopper amplifier compares the summing point voltage 
to the t sense voltage and provides an amplified dc error 
signal proportional to the difference. The f ~cese voltage 
la applied through a divider network; consisting of R7 
through R12 located on the Temperature Regulator P/C 
Assembly (ASAl&hematic 332B-1001). at pin 5. This 
network provides an internally adjustable dc bias to the 
Chopper amplifier for compensation of offset voltages 
when the Model 332 is 8et to zero output. 

3-14. The mechanics1 chopper, El, samples the differ- 
ence between the summing point voltage and the wmpen- 
sated .t sense voltage at a 60 Hz rate. The resulting \vave- 
form is applied to the gate of Ql. Transistor Q2 amplifies 
the output of Ql. Transistors 93 and Q4 are direct 
coupled amplifiers, with negative feedback applied from 
the collector ofQ4 to the emitter of Q3. Transistor QS is a 
para-phase amplifier, which provides two cssentialIy identi- 
cal wavcfonns differing in phase by 18Oo. The two wave- 
forms are demodulated by chopper Cl and fdtered by R24, 
R25$14, and ClS. ‘Ibis amplified dc error signal is then 
applied to one input of the Differential Amplifier P/C 
Assembly (AM) at Pin 3. 

3-15. ,Xffere.nti+&pli&. Error signals in the form 
of,,% c+ges are applied tc the differential amplifier 
throve Cl to the gate of Pield Effect Transistor (FET) 
42. EIKX signals .appearing as dc changes are applied to 
the chopper ,ampl@r at the base of Q6. Using a separate 
path for ac changes aBows rapid regulation of the output 
voltage for rapid changes in load requirements. The 
Differential Amplifier P/C Assembly provides an output 
that is proportional to the amplified dc error signal from 
the Chopper Amplifier P/C Assembly. 

3-16. Use of a Pield Effect Transistor for QZ,provid& 
high input impedance and low noise. Transistor QS is a 
Current source for one stage of the differential amplifier. 
II? of the current source provides high gain and good 
commcm mode rejection at the input of the amplifier. 
The compound confiration of Q4Q5~, and Q6Q7 pro- 
vides high input ~impedance and minimizes temper&ire 
effects. The output signal from the collector of Q9 is 
applied to the base of the common collector amplit% Ql 1. 
Transistor’Ql t provides impedance matching between the 
h@ output impedance of Q9 and the low input impedance 
of the series Paas driver circuit. 
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517. Series Pas Driver.’ The Series Pass’Driver P/d 
Awnbly (ASA2-Schematic 332B-KWl), accomplishes two 
functions. One function is to de-energize the output in the ‘i 
CBM of an overvoltage or overcurrent condition,,which will 
be desc&d later. The other function is to provide 
sufficient drive current for error signals to the series pass 
ehent. Transistors Q5, Q6, 97 and associated circuitry 
constitute the driver portion. Transistor Q7 is a common- 
base amplifier which provides part of the voltage gain 
n%eary for control of the series pass element. Current 
gab is provided by common collector amplifiers Q6 and Q5. 
The. output of QS is applied ,to the main series pass tian- 
Mar Q8, on the Series Pass Element P/C AssMnbly (A7Al- 
Schematic 332~1001). 

3-18. sales Pass Element. Tie series connection of 
transistors Ql through Q8 constitute the series pass 
element. This element is located on the Series Pass P/C : 
Assembly (A’IAl&hematic 332~.1001). Transistors Ql i 
through Q7 BIB normally saturated by the base voltage 
supplied by the 150 volt power supply. Consequently, the 
entire voltage drop required for’ w&ion is a&s QS. 
Should the OUTPUT terminals be shorted or should the 
instrument be rapidly downmnged, the voltage 8~1088 Q8 
my exceed 150 v&s. Should ,this occur, transistors Ql 
through 47 will come out of saturation to share the 
voltage drop. The pre-regulator circuitry @aragraPh 3+23); 
sensing the increased voltage across QS, dpcreases the 
unregulated supply Voltage. As soon’aS t&iolttige across ,, 
Q8 decreases’below 150 volts, Ql thro”& Q7 become, 
biased to tituration tid Q8 absorbs the entire regulation 
voltage. ‘: 

3-19. Power supplies. ‘O@rati”g,voltageg for the temp. 
erature regulating c+it, mnef referty ,circUi~,,&op~er 
amplifier, and differential am@ifier are provided’ by ~$c 
Auxiliary Power Supply P/C, Assembly (ASASSchematic 
332~.1004). The auxiliary power supply, consist! of the 
25 volt supply and -15 volt supply, ciwits.~, The aux@y 
supply reference element is located in., the 25 volt,,supply,., 
The output of the 25 volt supply is then used as the refer’ 
ence for regulation of the -15 volt,supply. 

3-20. In the’25 Volt supply, CRI’thw.igh CR4, C2, R4, 
and C3 provide unregulated dc voltage to the reg&tion ” 
circuitry consisting of Q2 through Q6: Transistors QS and 
Q6 Mnstitute ‘a differential ~plifier.~ The base of Q6’i$” 
held it a c&s& voltage by tiei’di&de CR&The b&$& 
Q5 is connectedYto”a Voltage divider, conMng~ofR8;R9; 
and~‘Ri~,/mferlnced t&the mitp& Xthe ‘sup&.- “V&ii ’ 
ations in the t25 volt outprit of the supplYare se&d at the 
base of Q5. Any difference between the~basevoltages of QS 



Appendix A 

Federal Supply Code,for,Manufacturers 

A*l. CODE TO NAME 

A-2. The following five-digit code numbers are listed 
in numerical sequence along with the manufacturer’s 

name and address to which the code has been assigned. 
The Federal Supply Code has been taken from Cataloging 
Handbook H 4-2, Code to Name. 



and open the negative output path, if an overvoltage or 
catastrophic overcurrent condition exists. The trip circuitry 
is, located on the Series Pass Driver P/C Assembly (A5A2- 
Schematic 332B-1001). Transistor Q3 is a constant current 
source for relays A7Kl and ATA2K2. With A7A2K2 (on 
the Pre-Regulator P/C Assembly) closed, current is provided 
to AlA2Kl which completes the piimary circuit for the 
high voltage transtormer. With relay A7Kl (on the High 
Voltage Mother-board 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 thro”&h R24 to the base of normally off Q4. In 
the event of a catastrophic failure; in which the current 
limiting circuitry would not function, ati excessive current 
approaching 120 milliamperes would develop sufficient 
voltage W~OSS R22 to turn on Q4. Because of the regcner- 
ativc configuration, transistors Q4 and Q2 would become 
saturated. With QZ saturated, the potential 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 arc de-energized, the input power to the high 
voltage transformer is interrupted, and the OPR indicator 
lamp goes out. To reset the instrinnent, the POWER witch 
is placed in the STDBY/RESET position; then to the OPR 
position after the cauge of the overload has been corrected. 
With the POWER switch in the STDBY/RESET posit&n, 
the drcuit common is connected through a section of the 
POWER switch and pin 10 to the emitter of QZ. This 
results in turning off both 92 and Q4, and thus returning 
them to their original state. 

530. The overvoltage trip element is Ql , The base of 
Ql is connected to Rl5 and the appropriate retitor se- 
lected by the VOLTAGE TRIP switch. The voltage trip 
point is selected by the VERNIER control (R5), which sets a 
reference bias on Ql (maintaining Ql out oft). As the 
output voltage increases, the voltage at the base of QI 
increases negatively until it exceeds the Mected trip, 
voltage and causes Ql to conduct. The conduction of Ql 
saturates Q2 and results in de-energizing the instrument 
output terminals, a.s previously described. 

3-31. Current Limit. The current liiit circuitry, located 
on the Current Limiter P/C Assembly (ASA6-Schematic 
3328.1002), provides a means of varying the limiting 
point of the output current. Current sensing resistor R22, 
on the Series Pass Driver P/C Assembly (A5A2). provides 
a voltage to the current limiter circuit that is proportional 
to the output current. This voltage is applied through pin 
IO and CR12 to the base of QS. The emitter of Q5 is 
connected to the wiper of the CURRENT LJ?dIT 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 QS cm& both Q4 and Q3 to conduct. 
Coaduction of Q3 causes Ql, 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 consequently the output current is reduced. The 
conduction of Q3 also tnuns on the regenerative pair, 96 
and Q7, which supply current to the red indicator lamp. 

3-32. Interlocks. The Model 332 is equipped with an 
interlook circuit for personnel safety. When either the top 
or bottom $ner cow8 or printed circuit assemblies A7A2, 
A7, A7A1, ASAl, A5A3, ASA4, A5A5, or ASA are re- 
moved, the ground return for the A7Kl and A7A2K2 relays 
&opened. This results in removal of the input power to the 
high voltage transformer 02) and opens the negative out+ 
put side of the instrument. 

3-33. Tile Delay. The puipose of the time delay 
okwit, located on the Time Delay P/C Assembly (A6- 
Schematic 3328.lOOI), is to provide a short interval for the 
auxiliity Voltages to rise to nominal value. This ensures 
that the control amplifiers are operating before the high 
voltage is available. The time delay circuit momefitarily 
holds open relays A7Kl and A7A2K2, which prevent the 
closure of A7AZKl. The time delay is approximately 3 
seconds. Diodes CR1 and CR2 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/RRSET position, a small current flows through 
R2001, Sk, K2001, R2004, and C2001. This current, 
~dthou~ too small to actuate, K2QO1, charges C2001. 
Capacitor C2001 charges until it reaches the tiring potit of 
Q2001, approximately ? to 3 seconds. At this point Q2Fl 
conducts, increasing the current through K2001. The r&y 
actuates and closes mntact K2001A (which provides the 
current path when the POWER witch is In the, OPR 
position) and opens contact K2OOlB. When K2001B 
~pcns, the grounding circuit is removed from the cmmtant 
current source supplying A7Kl and A7A2K2, and these 
relays are allowed to acturate. 

334. Miseellatieous Circuitry 

3-35. Output Circuit Cwrcnt Source. In addition to the 
‘main high voltage bridge rectifier, CR1 through CRlO’on 
the High Voltage Mother Board ,P/C Assembly, (A7. 
Schematic 332B-lOOl), there is,anothcr high voltage bridge, 
(CR13 through CR20). This bridge-rectifier :is in &es with 
R27 and R28 and forms a quasizonstant current sou~ee. 
Thin current flow through the series paw transistors ,and 
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MS BS 9 minimum load to insure that their tranmnaw 
ante is held above B minimum value. Another purpose of 
the quasi<onstant current zo”rce is to provide B quick 
discharge path for the output capacitor Cl, when down 
ranging. This helps to reduce the getting time. 

336. Capacitor Switch. The capacitor switch circuitry 
is located on the Capacitor Switch P/C Assembly (43. 
Schematic 3328-1001). When down ranging from ¶ooO 
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 Cl and C2. If this difference is too great, c4 will 
receive a charge of sufficient mngnitude to ce”8e 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, CS is discmed 
through R7 (on A3) when the RANGE switch is down 
ranged from 1000 volts to 10 or lC’3volts. In doti m the 
decay rate of C5 and the parallel combination of Cl and C2 
will be equal, thus C4 does not recejve in over charge. 
After C5 has discharged guffv?iently (-al seconds), the 
KlA contacts (on A3) close and parallel the low resistance 
of R6 with R7. This essentially shorts CS and returns the 
loop gain to the required amount. The capacitor switch 
circuitry is responsible for allowing a time delay b&are 
closing the KIA contacts. When down ranging from lc00 
volts, CI is chargd by the +35 volt supply tbrougb R2 
and RI. After several seconds, Cl auxm”late8 a sufficient 
charge to cause Ql to conduct. Conduction of91 m&s 
relay Kl which closes the KlA contacts. 

337. CJowbar Circ”it. If the output voltage were 
suddenly turned to zero with a load connected to the 
bstrument, the voltage across the fdter capacitors Cl, C2, 
and C3 (located on the High Voltage Mother Board PtC 
Assembly, A7) would appear acro8s the series pass tran- 
sistors. ‘Ibis voltage could damage the series pass tran- 
sistors. To protect the series pass transistors from thiskind 
of damage, B “crowbar” circuit is utilized. (The term 
“crowbar” is derived from the “se of such B device to 
discharge large capacitor banks in transmitter power sup 
plies). Tbe “crowbar” circuit consists of transistor PI0 
and associated circuitry on the Series Pass Element P/C 
Assembly, A7Al. It also inculdes relay K2 on the High 
Voltage Mother Board P/C Assembly, Al. When the 
voltage across the series pass element 1caches approximately 
225 volts, transistor QlO conducts. Since relay K2 is in the 
collector circuit of QiO, the relay is energized and closestbe 
contacts. With the K2A contacts closed, B discharge path 
through R15 is,provi&d for the fdter capacitors. 

3-38. hlepx Cit. .The front panelmeter indicates the 
output voltage or output went, depend+bn 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 Assnnbly, and the resistors selected 
by the RANGE switch SZf provide the meter with B current 
which is ~oportional tb the output voltage. When the 
UBTBR switch is in the CURRBNT position, resistors Rl 
ad R2, on the Series Pass Driver P/C Assembly, protide, 
the meter with a current which is proportional to the out- 
put current. 
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Section 4 

Maintenance 

4-I. INTRODUCTION 

4-z. Information concerning the msintenance ,and ‘cali- 
bration of ths Model 3328 and 332D in contained in this 
section.. Paragraph 46, GENERAL MAINTENANCE, cov- 
ers unique and misceUaneous.maiotenaoce proocedures. A 
kies of checks to determine if the instrument operates pro: 
perly plus information ,to aid in localizing problem areas, 
should any qf,@ese checks fa$ is covered under pamgraph 
4-20,, PERFORMANCE ,TEsTS., Paragraph 4.36, CAL& 
BRATION, contains pro.xdw, for alignment of circuits 
and fb~al awuracy adjustments. 

4-3. SERVICE INFORMATION 

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

4-5. Factory authorized calibration and repair servica 
for all Fluke instruments are available at various world wide 
locations. A complete list of facto& authorized service 
centers is located at the rear of this manual. If reqoested, 
an &mate will be provided to the customer before any 
repair work is begun on instruments beyond the warranty 
period. 

46. GENERAL MAINTENANCE 

4-7. Maintenanca Aims 

4-a. The chawig my be easily removed from ehe outer 
case by unfastening the two Dzua fasteners, located at the 
mar of the tax. To obtain awes to the circuitry witi the 
chas&the top and/or bottom inoer covers must be remov- 

. 
ed: Removal of the top and/or bottom covers opens one or 
both of the interlock witches. To have the iwtroment folty 
operable; with the top and/or bottom cotirs off, the inter- 
locks must be “cheated”.’ 

DANGER 

4-9. k&d bn the left hand side, of tbc instrument, 
behind the second bulkhead, is an extender card., This 
board is used as an extender for the plug-in circuit board 
awmblies to provide accwto adjustments,and teat point:. 
Simply remove the plug-in circuit board kwnbly. to be 
inv&tigated, insert the extender card in its place, and plug 
the circuit board assembly in the extender card. 

d-10. Unique Maintenanea Procedures 

4-11. Clepning of Boards. Certain circuit board as- 
semblies axe ultrasonically cleaned at the factory to prevent 
the possibility of electrical leakage caused, by contami- 
nation from handling during asembly. These circuit 
board aswoblies include the Sample String P/C Assembly 
(AZ), end Capacitor P/C Asssnbly (Al). When com- 
ponents are ‘replaced on, these wemblies that require 
solderinp, the land pattern side Of the board should be 
cleaned as described in paragraph 4-13. Should contan& 
nation be suspected on the component side of the circuit 
board, 118e Freon TF Degrker (Miller-Stepbeneon Chemi- 
cd Co.). 

4-n. shielded Capacitors. On the Chopper AmpMer 
P/C Assembly (AsA4), sapacitore Cl through C4 are wrap 
ped with adhesive copper foil for shielding purposea. 
Should any of these capacitors need replacing, wrap the 
new capacitor(s) with the original Copper foil (if the ad- 

4.1 



332m320 

hesiw “ecds to be activated, use (GM NAMEPLATE INC.). 
If the original copper foil is not salvageable, wrsp a new 
piece of copper foil (Wmacel-type EE3990 or MystikTape- 
type 7420) around the capacitor. Insure that the copper 
foil does not extend beyond the edges of the capacitor and 
touch either of the leads. Solder one end of B le”gth of 
No. 22 buss wire to the copper foil and the other end to the 
associated printed circuit board land. 

4-13. Chwit Board Seahut. The land patter” aide of alI 
printed circuit boards haw bee” coated with epocast (a 
polywdhane resin) to inhibit fungus growth and moisture 
absorption. When soldering M a ptited circuit land, the 
heat from the soldering iron decomposes the epocpst resin, 
leaving a charred residue. Upon completion of soldering, 
the residue should be rmowa with a solvent, such as 
t&01. 

CAlWON! 

The foUowi”g precautions should be adhered 
to when wing tolud: .woid inhalhlg the vap, 
avoid excessive contact with the skin, and keep 
awy from open flanea. Insure that pkisiic 
components do not come into contact with 
toluol, since it wiu alis3oIve most types of 
pMiCU. 

After removal of the epocast residue, the affected area 
should be recrated with a sealant. A spray can of Circuit 
Coat (Purane Plastic Inc,, 45 16 Brazil Street, Los Angeles, 
California or 16 Spielman Road, Fairfield, New Jersey) 
may be used for recoating. 

4.14. FUH 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 

Fl HighVoltage %A, slow blow 
F2 Line 24, slow blow, 

11sv eonn. 
l%A, slow blow, 

230v Wml. 
Under “o circumstantcv should replacement fuses with 
higher current ratings be instzlled in the instrument. 

416. Lamp Replacement 

4.17. The indicator lamps are located immediately be- 
hind the front panel. The instrument must be partially re- 
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top of the”instrummt without the “eed of any special 
tools. To replace either the over current-voltage lamp or 
the operate lamp, remove the screw securing the lamp 
holder to its mounting, then remove the bayonet base lamp. 

418. 115/2SOV Conversion 

4.19. Depending upon the connection of the power 
transformers primary windings, the instnunent may be 
operated from either a 115 01 230 volt ac power line. To 
convert the imtrument from one type of power line oper- 
atio” to the other, USC the following procedure: 

Disconnect the line cord from the power line. 
* 

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

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

Use the proper fuse corresponding to the selected 
conversion, as discussed in paragraph 414. 

420. PERFORMANCE TESTS 

4-21. introduction 

4-22. The following tests are intended for chedring the 
performs. These tests may be used for incoming inwo- 
tion, periodic inspections sod plecalibratio” chedts. It is 
recommended that these tests be performed prior to each 
calibration. 

‘l-23. Each performance test includes a” 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 ihvolved should aid a teoh- 
nician in analyzing a malfunction. 

4-24. tluri”g the following tests, it will not be necessary 
to remove the instrument from the case. All external equip 
merit w&be connected to the terminals provided on the 
instrument. Figure 4-2 lists the equipment needed for 
testing andcalibrating. 

4-25. The load, line and ripple checks do not rely o” any 
calibration adjustments; any major or mhror indication 
should be investigated by ttoubleshopting. The remaining 
voltage standard checks do rely o” proper calibration 
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BOTTOM VIEW 

0. 115 VAC CONFIGURATION 

BOTTOM VlF# 

b. 230 VAC CONFIGURATION 

Figure 4.1. 115/230 VAC CONVERSION 

I ECWIPMENT REQUIRED 

I ,Volt/Ohmmeter 

RCA VoltOhmyst or equivalent 

I Metered Autotransformer. General 
Radio Variac W5MT3A or equivalent 

DC Differential Voltmeter. Fluke 
Model 885A or equivalent (quantity 

of 2 required) 

RMS Voltmeter. Fluke Model 9318 or 

equivalent 

Preamplifier 

Oscilloscope . Tektronix Type 541 or 

I DC Millismmeter 

I Load Resistor Box. Clarostat 240-C 

t, Resiaor, CornposItion 

Figure 4.2. TEST AND CALlSRATIO 

SPECIFICATIONS REQUIAED 

JX Accuracy of + 3% and input Impedancs Of 10 M a 

Output of 0 to 130 “BC at 3 amperes. 

DC Accuracy of &0.0025% with 100 UY null detector 

Gain of ancl bendw.6 of 10 Hz to 10 kl-lz 

General purpose 

5 mv I cm sensitivity 

Provide 5.5 volts 

0 to 100 milli&nperes +5% 

‘Resistance range of 20 t0 20,OOOfi at &5%. 

Capable of handling up to 80 watts 

100k Q +5%, %‘a 

EQUIPMENT REQUIRED (Sheet 1 of 2) 



Lead sat 
Standard &il Enclosure Guildline 

I Model 9152 

DC Voltage Calibration !3ystem~ Fluke 
Model 71016 consisting of the following 
equipment, or an equivalent system: 

Voltage Standard, Model 33281332D 
Null Detector, Model S45AR 
Voltage Divider, Model 750A 
Kelvin-Varly Voltage Divider, Model 720A 

Capable of meawing 0.1 to 1100 vdc with 

5 ppm awJraw 

Figure 4.2. TEST AND CALIBRATION EQUIPMENT REQUIRED (Sheet 2 of 21 

adjustments. Should minor out of tolerance indications be 
observed during tbhese ~+hecks, calibration will more than 
liltely correct these problems. However, should the cali- 
bration adjustments be ineffectual or at their extreme 
limits, you will hew to investigate the cause of the problem. 

c. 

d. 

4-26. In the event :that a malfunction is discovered, 
complete 8s many of the performance tests as potibls. 
Record which tests the instrument does not successfuUy 
pass and any abnormal indications. This will help in ana- 
Ipi% tlte problem and lead to more effsient trouble- 
shooting. 

427. DC Output 

4-28. Lime Regulation. The line regulation test &ter- 
mines whether the output voltage will remain constant, 
within specifiid limits, for a low to high line input power 
change. 

set the RANGE switch, readout dials, and load box 
to the values indicated in the first group of settings in 
Figure 4-3. Set the WWER switch to the OPR p 
sition. Note the voltage indicated on the Model 
885A. Set the autotransformer to 103 volts BC. The 
output voltage change, indicated on the Model 885A, 
should not exceed the 20 microvolt specification 
listed in Figure 4-3. R&urn the autotransformer 
getting to 115 volts ac. Note the voltage indication 
on the Model 885A., Set the autotransformer to 127 
volts ac. The wrltege change, indicated on the Model 
885A, should not exceed the 20 microvoli speci- 
fic+on. Repeat this procedure for each group of 
settings in Figure 4-3. 

I 
4.29. Load Regulation. The load regulation test deter- 

a. Corkct the line cord through en autotransformer mines if the output voliage will remain con6ta”t, ariddn 
connected to en ec power line. Set the autotremfor~ qmi!kl liiits, when the output is subjected ‘to e m-load 
mer to 115 volts ec. to f&load condition. 

b., Set the front panekontrols es follows: a. 

Connect the Model 885A to the SENSE Terminals 
and the 240.C Load, Resistor Box to the OUTPUT 
terminals of the Model 332Bl332D. 

. 
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POWER STDBY/RHBT 
METEU CURRENT 
RANGE 10 
READOUT Au Zero 
VOLTAGE TRIP 1000 
VERNIER Clockwise 
CURRENT LIMIT Clockwise (60) 

b. 

Connect the he cord to,,an autotransformer connect- 
ed to Bn ec power line. set the autotransformer to 
115 volts ac. 

set the front panel controls 88 foUows: 

POWER 
METER 
RANGE 

STDBY/RESET 
CURRENT 
IO 



Readout 
VOLTAGE TRIP 
VERNIER 
CURRENT LIMIT 

All Zero 
1000 
Clockwise 
Cloeltwise (60) 

c. connect the Model 885~ to the SENSE 1erminaIs. 

d. Set the autotransformer 10,103 volts ac. 

e. Set the RANGE witch ahil Readout Dials to the 
values indicated in the first group of settings listed in 
the Figure 44. Set the POWER switch to the OPR 
position. Note the voltage indicated on the Model 
885A. Connect the 20&m load to the OUTPUT 
terminals and note output voltage chaqe on the Mo- 
del 885A. The clwge should not exceed the specifi- 
cation listed in the chart., Repeat the procedure with 
the autotransformrr set to 127 volts ac. Repeat steps 
d and e for each grotip of’&&@. 

4-30. Ripple. The ripple test determines if ac compo- 
nent superimposed on the ::dC: output is within, spedtied 
limits. 

a. Connect the preaniplifk~ to, the OUTPUT terminals. 
Connect the Model 931 RMS Voltmeter to the output 
of the preamplitk. 

b.’ Set the front panel contniis as follows: 

RANGE I READOUT 

10 1 
10 10 
100 io 
100 100 
1000 100 
IWO loo’ 

Figure4.4. CONTROLSEl7lNG.S; LOAD REOUIRfMEkS; AND’LIMITS FOR LOAD::RE,@JLATION 

POWBR ‘.’ STDBY/RESET 
METER I(: :‘;;C&kENT 

RANGE 
,,,,,,,,.,. lo‘.” .,_,., I. .,,. 

Readout Allze% 
VOLTAGE TRIP 
VERNIER 

‘,:~~;~,;~qp&;~ ‘: ‘,- 
c10clwise ,,_ : 

CURRENTIJMIT ,,..,, Sl&~!se, (60) 
,ej;;e:: :r, :;,_ 

e. With the autotransfoniwr set wnominal line voltage 
(115 vat), set the F’OWER switcQwOPR. The ripple 
,output should not exceed 20 micro~lt~. 

d. Set the readout dials to’f0 V%?The ripple output’ 
should not exceed 20 microvolts rms. 

terminals. The tipple out@d~‘ihcidd not exceed 20 

microvolts nns. Disconn&t tlie’load restitoi: 

f. Se! the readout dials to zero, and &et the RANGE 
switch to 100. The ~rippld~oiitput~nhould not ekeed 
30microvoltsrm$. ‘.’ (,,‘: 1’ ‘: 

RANGE READOUT LOAD (50 ma) SPEC. 

,i ‘,: ,,o 1 ‘, 2m low 
10 10 

100 10 

100 
,l!,‘,‘.: ,‘,,, : ,,,,, 

100 zooon >,,ji; ;:,,:: 2oow 
1000 100 2wosl 2OOw 
1000 1000 zo,oo~ 2.0 ?I” 

Figure43. CONTROL SETTINGS, LOAD REQUIREMENTS, 

4-6 



g. Set the readout dials to 100 vats. The ripple output 
&odd not exceed 30 microvolts rms. 

h. Connect the. 2poO.o~ load resistor to the OUTPUT 
t&s. Tlii I’$& output should not excard 30 
microvolts rms. Diwoimect the load resistor. 

i. Sej the readmit dints @zero, and set the RANGE 
switch to 1000. ‘The ripple output should not ex- 
teed 40 microvolts rms. 

1. Set the readout dii u) 400 volts. The ripple output 
should not exceed 40 microvolts rms. 

I 
k. Connect the S,WO&tn load resistor to the OU’ll’UT 

terminals. The ripple output sho”ld not exceed 40 
microvolts nns. Disconnect the load resistor. 

4-31. Voltage Stidmrd Acrmracy. If the voltage stand- 
ard has successfully~,passed the line, load, and ripple speqi- 
fications, 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 rcferenca 
canditions of 23oC *lo, up to 70% relative humidity, and 
constant line voltage. One method of checking the in&u- 
tnent accuracy is by comparing the output voltages to a sat- 
uratcd standard cell by means of a reference divider. Use 
the equipment and cormactions shown in Figure 4.13 and 
the procedure of paragraph 4-53, disregarding the adjust- 
merits. 

4-32. Mmer and Protection Circuits 

433. V-Y Monitor. This procedure checks 0x0 output 
voltage and current monitor circuitry associated with the 
front panel meter. 

BI With the METER witch 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 follow’@ cmliid 

points, Figure 4-S. AI1 meter indications should be 
within +3% of full scale. 

d. ‘Set the RANGE switch to 10 volts, the readout dials 
to 5 vOlts, the CURRRNT LJMIT control maximum 
cloclrwise, and the METER switch to CURRENT. 

4-B 

Figure 4-5. CONTROL SETTINGS 
FOR V.l MONITOR TEST 

8. Connect a 0 to 1M) dc milliammetm across the OUT- 
PUT tembmls. 

f. Rotate the CWRKJBT LIMIT control counter-dock- 
wise until the external meter indicates 50 mill& 
amperes. The front panel meter of the Model 332B 
shduld indicate 50 milliamperes on the red scale. 

8. Set the RANGR witch to 100 volts, then to 1090 
volts. The front panel meter should indicate 50 
milliamperes ie each position of the RANGE witch. 

434. Cwrent Limit. This check determines the range of 
the CURRE~,LIMlT control, which should be from 2 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 CURRE!Q LIMYT control maximum 
clockwise. 

b. Connect a 0 to 100 dC milliammeter 8~108s the out- 
put terminals. 

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

d. Rotate the CURRBNT LlMiT control maxim”!” 
counterclockwim~,, The, :externaI meter should in- 
dicate 2 milliamperes., :, 

4-35. Voltage Trip. This tat determines if the trip 
circuit will actuate during an overvoltage condition on each 
RANGE setting. 

a* Set the Tp.IP VERNlER~maximum clockwise. Set 
the RANGE VOLTAGE TRIP, and readout dials to 
the values indicated:in’Figure 4-6. In each case, 



rotate the VERNIER counterclockwise from the 
nmximum clockwise position until the trip circuitry 
just actuates. In each case the VERNIER wntml 
should be approxbnately 3Oo from the maximum 
clockwise position. : 

RANGE VOLTAGE TRIP READOUT DIALS 

‘IO 10 l~xocaoo 
100 100 10x.00000 
IWO 1000~ ,:,,, ~xx.xoo 

b. 

C. 

d. 

e. 

f. 

g. 

Figure 4-E. CONTROL SElTlNGS 

FOR VOLTAGE TRIP CHECK 

Set the output of the, instmment for 4 volts on the 10 
Volt range. Set theVOLTAGE TRIP switch to.the 10 
volt position and the VERNIER control to the 12 
o’clock position. 

Set the RANGE, s& ;to:, 100’ &+te. ,,,, ,. ,, ., ,,,,:, tie trip 
citcuit rho&d ictuate. ;’ ,” 

Set the VOLTAGE, TRIP switch to the 100 volt 
podtion’and reset:thc in$imient. 

Set the RANGE &itch to the IOOOvolt positio+ 
The trip circuit should actuate. 

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

Set the RANGE SW&h to 100 vokthen to 10 volts. 
The trip circuit shquld:nat actuatt in tither position. 

436. CALIBRATION 

4-37. Introduction .‘:‘.” 

443. The ftillowing procedures are intended for c&bra- 
tion. The equipment required’is:listed in Figure 4-2. Dw 
ing the fust portion of the calibration procedure, the chat 
sis will have to be removed from the case end the top inner 
cw~r removed from the .&a&.: ,However, upon removal of 
the top inner cover it will be&&e&to “cheat” the inter- 
lock located at the top right-hand edge of the instrument 
chasis. 

,,,, ,” 
439. Mew Mechanical:~Zero 

440. With the instrument desnergized for at least 3 
minutes, adjust the mechepical.,~ro screw (located just 
below the fmnt-panel metww,, t@the meter pointer is 
over the center scale zero position. 

8. 

b. 

c. 

d. 

e. 
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441. Auxiliary Power Supply, ,Monitor I’ 
Circuits and Master,:lfleference i, 

4-42. Awiliwy Power Supply., Win the POWER switch 
in the OFF position, connect ‘~e.“‘~“nstrumeni, Ithrough en i,‘, ?x*‘l :I!,,; c, autotransformer to the power “line. Adjust ,the auto- 
transformer for nominal line voltage. Extend thti’Aoxiliary 
Power Supply P/C Assembly (M$),on the extender card 
provided. Set the POWER +h +‘$x STDRY/RESET 
position. Al&w approximately ‘lo: $~~tes fo{:~wamwp; 
then promed as follows: 

a. Using the tSENSE term& ai common, Connect a 
Model 88SA to pin 10 & & Auxiliary Power Supply 
P/C Assembly. 

b. Referring to Pigore 4-$;iily+9 until ihe t&de1 
885A indicates 25 volts,+10 millivolts. 

c. while verying the line voltage::from 100 to 130 volts 
ec, the Model 885A ind’iatiiowshould .not cheng& 
more tin 20 mfiiwlts. :,;: ._r::: ,7:: 

d. Set the POWER wit&~n.:OFF~;and disconnect the 
MO&l 885~. Replace the :A&liary Power supply 
P/C Assembly. Returxthti WWER switch ,to, the 
STDBY/RBsET position.‘;; 

443. Cumnt Lhnit. Ptoeeed~Bs‘f&ti&ws! “” 

POWER STDl3Y/RE.w 
RANGE ,; ,,,, ,“_ lo 
Readout Dials 5.000000 
VOLTAGE TRIP ,,‘, :. ,I000 ,_,, 
VERNIER :> :i E,‘, ,‘i:’ maxim~~~clockwise, cuRRENT LIMIT 

maximum clockwise 

Connect a 0 ,to 100 dc n+~et~~,acro+he OUT- 
PUT terminals. Set the POWER ,ewitch to OPR. 

Referring to Eigure 4-7, adjust R23 for ‘a 60 milli- 
ampere indication on the external meter. 

Rotate the CURRENT LIMIT control maximum 
~unter+lockwise. Referring to Piure e-7, ,adjust 
R24 for e 2 milliampere indication,, on the +xnal 
meter. 

If necessary, m-adjust R2$en! R24 wtil the: range pf 
the CURRENT LIMIT Fontrol’ is; from 2 to 60 mill!- 
NtlpW% 

4-7 



AUXILIARY 

SUPPLY 
ADJUST 

Figure47. LOCATION OF ADJUSTMENTS 



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

4-W Output Current Monitor. Proceed as follows: 

a. Set the METER switch to CURRENT. 

b. Adjust the CURRENT LIMIT control to obtain B 50 
milliampere indication ott the external meter. 

e. Rotate the adjustment ,labeled OUTPUT CURRENT 
METER ADJUST until the front-panel meter pointer 
indicates 50 milliamperes on the red scale. 

4. Set the RANGE switch to 100 volts; then to looa 
volts. Tht front-panel meter should indicate 50 milli- 
amperes in each position of the RANGE witch. 

e. set the WWR Switch : t0 STDBY/RESET and IB- 
move’ the extentat iiic+&mections. 

445. Output Voltage Monitor., Proceed as follows: 

a. Set, the, front panel controlsas fouows: 

METER VOLTAGE 
RANGE 100 ,,, 
Readout Dials ,: ,‘, ~0.0ooo0 

b. Rotate the adjustme@ labeled OUTPUT VOLT- 
METER ADJUST &I ‘the front-panel meter indi- 
cates loo volts*o.~ Mlts, 

c. Meter linearity may be checked at the cardinal points 
listed ,ti Figure 4-8. Au meter indications should be 
within +3% of full scaer,,:,:., 

4.46. VOLTAGE TRIP. Proceed as follows: 

a. set the front panel controls as follows: 

RANGE 
Readout Dials 
VOLTAGE TRIPOUT 

ADJUST (topcover) 
VOLTAGE TRIP 
VERNIER 

100 
~x.00000 
maximum counter- 
clockwise 
100 
300 from maximum 

,.‘:,’ 

b. Rotate the VOLTAGE TRIP~UT ADJUST until the 
output is de-energized, as indicated by the illumi- 
nation of the red indicator, lamp and the audible: 
“Cliw of relays. 

,“, 

c. Set the POWER switch tp,,STDBY/RESET. Rotate’ 
the VERNIER control to”+! maximum clockwise 
position. ‘: c;:: 

z+,, ‘“# 

d. Set the POWER switcKt&&. Set the RANGE: 
switch, T&IF switch, and readout dials as listed in 
Figure 4-9. Check the t&action on each range by ,,,y,, ,_,: I 
rotating the VERNIER cqnfrol counter-clockwise. 
The trip point should occurin, each RANGE witch 
position when the VERNIER control is approxi- 
mately 30° from the maxims +kwise position. 

,,‘,! :, ,‘, ,,i,,“, 

Figure 4.9. CONTROL‘SETTINGSFOR TRIP 
RANGE cH&;:,, ,,’ li, 

RANGE READOUT DIALS 

10 ,I .owooo 

100 10.00090 

1000 100.0000 

10, Jg.ouoow 

1000 go.0000 

FIgtire 4-8. CONTROL SETTINGS FOR VOLTAGE 
MONITOR LINEARIW CHECK 

d-47. Mapter Reference. Proceed as’follows: 

a* set the front panel controls as fouows: 

POWER 
RANGE 
Readout Dials 
VOLTAGE TRIP 
VERNIER 
CURRENT LIMJT 

ON 
1000 
00x.0000 
1000 
Maximum clockwise 
Maximum clockwise 

b. Connect a Model 885A wthe ‘MASTER,,REFER- 
ENCE test points through the top inner, ccwx. 
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c. Adjust CAL 1000, CAL 100 and CAL 10 mecbani- 
czdly to midpoint of travel. 

d. Rotate the MASTER ReFERENCE adjustment to 
obtain an indication of 6.02 volts (HO UV) OIL the 
Model 885A, ,+ 

e. Set the POWER witch to STDBY/RESET. 

648. 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. 

Ths linearization adjustment involves adjusting cone- 
spending re&tors in adjacent decades so they BIL in exact 
tcndoane ratio of each other. 

4-50. The instrument should bc warmed up for at least 
four hours at standard reference conditions of 23O fl% 
up to 70% relative humidity and constant line voltage be- 
fore adjustments arc made. The instrument must be oper- 
ated in its case with the RANGE switch and readout dials 
set for loo volts output. 

Q-51. Zero Output ,~Adjustmnts. Proceed as follows: 

a. 

b. 

c. 

d. 

Slide the instrument chassis out of the case just far 
enough to reach the ZERO OUTPUT adjustment 
holcv (IOV, IOOV, 1OOOV) in the cover. 

Connect a Model 885A differential voltmeter or B 
Model 845AR null detector BCIOSS 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 corm- 
spending ZERO OUTPUT ADJUST (IOV, lMIV, 
IO&%‘) for a null indication (*I microvolt) on the 
voltmeter. 

Slide the chassis back into the case and recheck the 
zero output adjustments. Refine the adjustments if 
IlWCSSlry. 

452. Sample string Limdttion. The following prow 
dure describes linearization. The stable reference source in 
this procedure is a standard cell. To linearize, perform the 
following steps: 

a. Self-calibrate the Model 720A using the procedure 
wontained in its Instruction Maztml. 

b. Make the equipment connections illustrated In Figure 
4.10. 

c. Slide the instrument out of its case jwt far enough to 
gainaccess to the SAMPLE STRING ADJUST (DECK 

A AND E) access holes. Maintenance access in- 
structions are contained in Paragraph 4-7, 

d. Set the front panel controls to the following positions: 
Meter Controls Voltage Monitor 
VOLTAGE TRIP, 100 
VERNIER Midrange 
CURRENT LIMIT MidIange 
RANGE 1000 
Voltage Dials 00x.0000 
POWER OPR 

e. Set the Model 720A dials to l/10 the value of the 
standard cell. 

f. Set the Model 845AR ZERO/OPR control to OPR, 
and adjust the Model 720A dials for a null indication 
on the Model 845AR 10 microvolt range. Record 
the exact null de&tar indication. 

CAUTION! 
To prevent abusing the standard ceil, set the 
Model 845AR ZEROIOPR mn1~01 to ZERO 
when changing the Model 720A dial settings. 
Null adjustments should be performed initially 
at reduced null detector sensitivity. increase 
the null detector titivity as the fiat1 null is 
approached. 

g. Set the Model 845AR ZERO/OPR wntrol to ZERO 
and the voltage dials to 010.000. 

h. Set the Model 845AR ZERO/OPR control to OPR 
and adjust the DECK B adjustment 1 for the null de- 
tector indication recorded in step f. 

i. Perform the DECK B adjustments contain@d in Figure 
4.11 steps c through 1, observing flagnotes 1 and 2 
which set limits for setting of decades six and seven. 

j. Set the RANGE switch to 100 and perform the DECK 
A adjustments’of Fire 4-12. 

453. Range CaIibration. Proceed as EoUows: 

a. Connect the equipment as shown in Figure 4-13. Use 
h-thermal (copper) leads with spade lugs; the leads 
should be as short as possible. 

b. Connect the OUTPUT and the SENSE terminals to- 
gether and wnnect the OUTPUT terminals to the 
OUTPUT terminals on the Model 75OA. Connect the 
GUARD terminal to the shield of the output cable. 

c. set the front panel controls as fouows: 
METER VOLTAGB 
RANGE Iocm 
TRIP 1000 
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Fiaure4.10. CONNECTIONS FOR SAMPLE STRING LINEARIZATION. USING STANDARD CELL 



TRrPVERNIER 
CURRENT LIMIT 

Readout Diis 
POWER 

Maximum clockwise 
Approx. 100 from 
maximum counter- 
clockwise 
gKmo00 
STDBYjRESET 

d. On the Model -/SOA, connect the standard cell to the 
STANDARD ,CELL terminals and the NULL DE- 
TECTOR to the NULL DETECTOR terminals. Sat 
the Model 845AR for reduced sensitivity. Sat the 
Model 750A controls as follows: 

OUTPUT VOLTA,GP. 
STANDARD CELL 

ClRCUlT 

1000 
OPEN 

4-12 

c. IX.cmm 20 

d. M.M)[HIO 

8. 3x.oMm 40 

-1’ 

1. 4o.wmo -- 

0. 6x.wow en 

h. 6o.m -- 

STANDARD CELL Voltage of cell in use 
VOLTAGE 

iNPUT VOLTAGE RESET 

e. Slide the instrument chassis aut of the case just far 
enough to reach the CAL adjustment holes (IOV, 
lOOV, 1OOOV) in the top cover. 

f. Set the POWER switch to OPR. Set the Model 75OA 
STANDARD CELL CIRCUIT switch to MOMENT- 
ARY and note the deflection on the Model 845AR. 

8. Adjust the CAL lOOOV, increasing null dectcctor se”- 
sitivity until zero volts (rkl.0 microvolt) indication is 
obtained on the Model 84SAR. 
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Figure 4.13. CONNECTIONS FOR RANGE CALIBRATION 


















































































































































































