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SECTION |

INTRODUCTION AND SPECIFICATIONS

1-1.  INTRODUCTION

1-2.  The Model 887A Differential Voltmeter is line
powered, and the Model 837TAB Differential Voltmeter
18 either line or battery powered. PBoth instruments are
half-rack width and are equipped with regiliant feet and
a fold-down bail for field or bench use. A gingle instru-
ment may be mounted in a standard rack or two may be
mounted side by side. The instrument is intended pri-
marily as a differential voltmeter. It may also be uzed
as 4 conventonal transistorized voltmeter for rapid volt-
age measurement. When used as a de differential volt-
meter, the instrument draws essentially no current from

the unknown-voltage source up to 11 volts, Above 11 -

volts the input resistance is 10 megohms., Common-
made voltage errors are virtually non-existant in the
Models 887A and 887AR because of the high input-cireuit
leaksge regigtance---typically several hundred thousand
megohme, Inthe Mail 88TAR, internal batteries permit

isolation from power-line grounds with attendant reduc-
tion of ground loop errors.

1-3.  INPUT POWER ,
1-4, 'The Models 887A and 887TAB are normally suppli-

ad with the power transformer connected fox 115 volt
operation. Instructions for connecting the transformer

. for 230 volt operation are printed on 4 decal fastened to

the transformer.

-1-5. RECEIVING INSPECTION

1-8, This instrument has been throughly tested and
inspected before being shipped from the factory. Im-
mediately after receiving the instrument, carefully in-
spect for damage which may have occurrad in shipment.
If any damage is noted, follow the ingtructions outlined
in the warranty page at the back of this manual.

1-1
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1-7, SPECIFICATIONS

AS A DIFFERENTIAL VOLTMETER

DC ACCURACY. +(0.0025% of input + 0.0001% of
range + 5 uv) from 0 to +1100 vde at 23° C. - (nominal
calibration temperature), less than 70% relative
humidity. (0. 005% of input + 5 wv) from 0 to +1100
vde within 16°C to 32° C (60° F to 90° F) temperaturs
range, less than 709 relative humidity. Derate aceu-
racy outside this temperature range at G. 00035%,/C
to extremes of 0°C and 50°C (32° F and 122° 9,

NOTE. Thorough error analysis studies were made
into total instrument atability taking into account the
documented stabilities of individual components and
utilizing probability and statistical methods. These
studiez indicate that typical instrument stability de-
fined as a specification met by 80% to 90% of all in-
struments) is 20 ppm (0. 002%) peak-to-peak per year,

An instrument g0 categorized need be calibrated only
once per year to meet all specifications. Additional
stability data upon request.

VOLTAGE RANGES. 1, 10, 100, 1000 vac and de,
with 10% overranging capability on each range,

NULL RANGES, 100 uv through 100 v end scale ac
and de, in seven ranges.

DC INPUT RESISTANCE. Infinite at null from 0 to
+11 vde, 10 megohms above %11 vdc,

METER RESOLUTION. 1 ppm of range (I uv max-
imum).

VOLTAGE DIAL RESOLUTION. 1 ppm of range (1
uv maximum).

ACACCURACY. At 23°C +1°C (nominal calibration temperature) relative humidity less than 709

INPUT

FREQUENCY

VOLTAGE

J0HZ to SEHZ

OKHz to 10KHz

10K¥z to 20KH=

. 001 to BOOV

+(0. 05% of input
+0. 0025% range)

£(0. 07% of input
+0, 005% range)

(0. 15% of input
+0.01% range)

500V to 1100V

+0. 1% of input

£0. 1% of input

#{. 15% of input
+0. 01% range)

Temperature range 13°C to 35°C (55° F to 95° F) relative humidity less than 70%
INPUT | LOW FREQUENCY | BASIC FREQUENCY HIGH FREQUENCY
VOLTAGE [5Hz - 10Hz|10Hz - 20Hz| 20H= - 5KHz|5KHz - 10KHz|10KHz - 208Hz [20KHz - 50KHz]50KHz - 100KHz

+(1% of in- [£(0. 3% of  1£(0.1% of in- |+(0.15% of ir-
put-+ 25 uv)[input +25 uvjput + 25 uv} [put +25uv)

.001 - 1100V

-
£0, 3% of input

0.1-1100V

0.1~ 110V #0. 5% of input] £1% of input

Qutside the 13° C to 35° C temperature range the above specifications may be derated at 0.003%/°C
(below 5 KHz) or 0.005%/°C (above 5 KHz) to the extremes of 0°C to 50°C (32° F to 1227 F)

AS A CONVENTIONAL VOLTMETER

AC ACCURACY. +3% of range within frequency and
voltage ranges listed under "ac accuracy as a differ-
ential voltmeter .

DC ACCURACY. 3% of range.

RANGE

VOLTAGE RANGE DC INPUT RESISTANCE AC INPUT IMPEDANCE

LO0Q=-0-1000 10 MEG
100-0-100 10 MEG
10-0-10 10 MEG
1-0-1 10 MEG
* 1-0-.1 10 MEG
.01-0-.01 10 MEG

¥, 001-0-.001 1 MEG
*,0001-0-, 0001 1 MEG

1 MEG 40 P{
1 MEG 40 Pf
1 MEG 40 Pf
1 MEG 40 Pf
1 MEG 40 Pf
1 MEG 40 Pf
1 MEG 40 Pf
1 MEG 40 Pf

NOTE. lo%bvervoltage capability on each range.
* These ranges obtained by using null ranges with all voltage readout dials set to zero.




GENERAL
ELECTRICAL DESIGN, Completely solid-state,

INPUT RESISTANCE OF NULL DETECTOR, 10 meg-
ohms for two least sensitive null ranges, all input
ranges; 1 megohm for two most sensitive null ranges,
all input ranges.

REFERENCE ELEMENT. Temperature-compensated
zener diode, temperature coefficient leas than 1 ppm/°C
over operating temperature range.

REGULATION OF REFERENCE SUPPLY. 0, 0002% for
10% line voltage change.

STABILITY OF REFERENCE SUFPPLY. 0.0005% peak-
to-peak per hour. 0, 0007% peak-to-peak per day.
0. 0013% peak-to-peak per sixty days,

STARILITY OF INSTRUMENT. 0, 00025% peakwtowpeak
per gixty daya,

ACCURACY OF OFF-NULL DEFLECTION, =5% of null
range (3% with voltage dials at zero).

KELVIN VARLEY DIVIDER ACCURACY:. +0.0012% of
setting from 1/10 of full scale to full scale. 0. 0012%
terminal linearity below 1/10 full scale. \

RECORDER OUTPUT, Adjustable from 0 to +20 mv
minfrnumn for full seale right and left deflection.

887A

POLARITY. Front panel switch selects +DC, -DC and
AC,

WARMUY TIME. de 30 seconds; ac one minute,

COMMON MODE REJECTION, 130 db DC; 85 db at
60 Hz; 70 db at 400 Hz, Note; Battery operation of
Model 887TAB provides complete isolation from power
system ground, for elimination of error due to ground
loops.

OFPERATING TEMPERATURE RANGE. (°C to 50°C
(see accuracy).

$TORAGE TEMPERATURE RANGE.
Model 887A, -40°C to +70°C (-40°F to +158°F)
Model 887AB, -40°C to -60°C (~40°F to +140° F)

SHOCK. Meets requirements of MIL-T-845A and MIL-
5-901E.

VIBRATION. Meets requirerents of MIL-T-9454,

INPUT POWER. Model 8874 115/230 vac £10%, 50 to
440 Hz; Model 887AB 115/230 vac £10%, 50 to 440 Hz
and recharpgeable battery operation (minimum 30 hours
operation on full charge),

WEIGHT.
Mode] 8874 approximately 13 lbs.
Maode) 887AB approximately 14 Lbs.

SIZE. ‘I high, 8 1/2" wide, 14 3/4" deep.




SECTION I

OPERATING INSTRUCTIONS

2-1. LOCATION AND FUNCTION OF EXTERNAL
CONTROLS

2.3, The functions of the front-and rear-panel controls
are briefly described in Figures 2-1 and 2-2. Detailed
operational procedures are explained in the paragraphs
that follow,

2-3.  INPUT POWER CONNECTIONS
2-4. The instrument is normally factory wired for

115 volt operation. 230 volt input power connections
are deseribed on a decal fastened to the power trans-

former, Input power connections are effected through
a three-wire power cord. The third wire is a ground
wire to connect the instrument chassis to the power
syatem ground. When a two-to-three wire adapter is
used, fasten the green wire to the power-system ground.
The batteries in the Model 887AB can be checked by
turping the POWER gwitch to BAT CHECK. If the bat-
teries contain a satiafactory charge, the meter needle
will come to rest in the BATTERY OK region and remain
there for at least 10 seconds. If it does not, the bat-
teries must be recharged according to the instructions
of paragraph 2-5.

INPUT TERMINALS METER

POWER SWITCH

The IMPUT and COMMON gonnector:
pravide far connaction to the unknewn
veltoge source.

GROUND TERMINALS
Provides for conpertion directly te the
instrumant chassis. The chossis i also

In the differential volimeter mode of
aperation, the meter is @ null indizater,
Full scale calibration is determined by
the satting of the NULL switch. In the
TVM moda, the meter functians ot o
cohventional voltmetar indicatar. Full
seale callbrarion is defermined by the

setting of the RAMGE switch,

- Medel 837A (twe positions) == Tumn

ta O to energize the instrument.

Maodel 887AR (Fiva posltions) — In
the BAT CHG-LIME QPR pesition,
the intérnal battery charging and
veltmeter circuih are energized
thraugh the powerline connaction.

connected to tha ground wire In the three-
wire powaer zonnaction ot the rear of the
inttrurant, '

MECHANICAL ZERDQ CONTROL
Scrawdriver adjustment to set meter to
zasa, mechanigally,

RANGE SWITCH

This awitch determines the input veltage
range of the instrument, Simultanesusly,
it datarmines the position of the decimal
point in the digital readeut diols. |t alwo
determines nulfl=detactar sonsitTvity ranges
apprapriata to the input valtage range.

— In LIM OPR, only the voltmater
eircuits are anargized. in the BAT
CHECK and BAT QPR pasltions, the
voltmater cireults are enargized by
the interna| battaries. Additienally,
in the BAT CHECK petition, the
mater iz cunnacted to the batteries
ta indieare their srate of charge

. oe Paragraph 2=3}. Al gircuits
are deenergized in the OFF

" pasition,

"ELECTRONM|C ZERO CONTROL
A screwdriver adustment to aceurataly
sat the mater cireuits for zoro indiea=

. tien in the abtence of an input signel.

INULL SWITCH

POLARITY SWITCH

When this switch is sat at AC, the instru=
mept functions as en AC Voltmeter, Whan
tha switzh is set ot # or -, the instrument
functions as @ DC Veltmeter. The polarity
sign referes to tha |MPUIT taminal with
_respact to the COMMON termminal .

VOLTAGE READQUT [HALS
When the insttyment is operated os @
diffarential voltmeter, thase cantrals
are adjusted to achiave zaro meter
deflection (rwil), The asseciated
digital readout dials indicate the
mognitude of the input velrage.

‘The five position switch datermines
‘the meter calibrabion and function.

In four potitions, it derermines the
ifull-seale calibrotion for Differantial
"Voltmeter oparation {sae Paragraph
2-11 and 2=12). In the fifth pesitien,
it connacts the meter ox o conventional
voltmeter.

Figure 2-1. LOCATION AND FUNCTION OF FRONT FANEL CONTROLS




AMP. AD.. CONTROL

For full scale meter indication,

s sn-an )t FUSE

this contral provides for con-
tinuous adjustment of the
RECORDER QUTPUT veltage
from zero to at leose 20 mv.

115v operation: 1/16 amp,
slow-blo Type 3AG.
230v operation: 1/32 emp,
siow-blo Type 3AG.

RECORDER OUTPUT TERMINALS
Provides up to 20 mv ouiput voltage

for external skrip chart recorder.

Both terminals are isolated from fhe
chassis and must not be grounded.

{See paragraph 2-13.)

Figure 2-2, LOCATION AND FUNCTION OF REAR PANEL CONTROLS

2-5. BATTERY CHARGING

2-6. Should the BAT CHECE position of the power
switch indicate low batteries use the following procedure:

a. Connect power plug.
b. Set POWER switch to BAT CHG-LINE OPH.

Batteries will be fully charged and capable of at least
30 hours of operation after 16 hours of charging. While
the batteries are charging, the instrument may be used
the same as for line operation.

CAUTION

Since overcharging decreases battery life,
it is recommended that the batteries be
charged for less than 48 hours and never
more than one week. When used properly,
the batteries will give more than 200 charge-
digcharge cycles of operation.

2-7. METER ZEROING

2-B.  Inthe abzence of an input signal, the meter shouid
indicate zero, If it does not, adjust the meter circuits
as follows:

a. With the input power disconnected for at least three
minutes, set the meter ngedle to zero with the mechani-
cal zero control (see Figure 2-1).

b, Turn the instrument on and allow it to warm up
for 5 minutes.

c. Bet the RANGE switeh to 1, the voltage readout
dials to 0, and the NULL switch to 0. 0001,

2-2

d. Short the INPUT post to the COMMON post and
adjust the electronic ZERO control with & serewdriver
for zero meter deflection.

e¢. Remove the short from the INPUT and COMMON
posts.

2-9, OPERATION AS A CONVENTIONAL
VOITMETER

2-10. When operating the instrument as a conventional
voltmeter (NULL awitch at TVM) four input-voltage
ranges are available. They are 1, 10, 100, and 1000
volts, andare selected by the RANGE switch, Additional
lower-voltage ranges are available by operating the
ingtrument as a differential voltmeter with the voltage
readout dials set to 0. In this caze, the NULL switch
determines full-zcale meter calibration.

a. Select the desired full-scale deflection with the
RANGE #witch.

b. Set the NULL switch to TVM. ‘

¢. Set the polarity switch to + or AC as desired.

d. Connect the unknown voltage to the INPUT and
COMMON terminals. If one side is grounded, connect
it o the COMMON terminal.

e. Read the voltage mapnitude on the meter scale. A
positive voltage at the INPUT terminal will deflect the
meter needle to the right.

2-11. OPERATION AS A DC DIFFERENTIAL
VOLTMETER

A dc differential voltmeter measurement can be per-
formed more quickly if the order of magnitude of the
unknown voltage is known at the cutset. If unknown, i
can be gquickly measured in the TVM mode as described

e

o
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in paragraph 2-10. To measure the unknown voltage,
proceed as follows: .

a. Verify correct meter zercing as in paragraph 2-7.

b. Set the RANGE switch to the lowest range setting
that includes the uninown voltage magnitude.

¢. Set the NULL switch to the least sensitive range
{i.e. fully counter clockwige).

d. Bet the voltage readout dials to the approximate
magnitude of the unkmown voltage,

e, Connect the unknown voltage source to the INPUT
and COMMON terminalas. I one of the voltage-source
terminals is grovnded, connect it to the COMMON ter-
minal. (See paragraph 2-19 for additional precaytions. )

f.  Adjust the voltage readout dials for a zero indica-
tion on the meter, while turning the NULL switch to
successively more sensitive pogitions.

g. Read the magnitude of the unknown voltage from
the readout dials.

h. Fluctuationg in the unlmown voltage can be meas-
ured by obgerving the excursiops of the meter needle.
Full geale meter calibration is determined by the setting
of the NULIL switch.

2- 12 "OPERATION A5 AN AC DIFFERENTIAI.
VOLTMETER

a. If the approximate input voltage is not known, det-
ermine it by uging the voltmeter in the AC. TVM mode.

b. Verify correct meter zeroing as in paragraph 2-17.

c. Set the RANGE switch to the lowest range setting
that includes the unknown voltage.

d. Bet the NULIL gwitch to the least sensitive pogition
{i. e. fully counter clockwise.).

e. Set voltage readout dials to the approximate mag-
nitude of the unknown voltage.

f. Connect the unknown voliage to the INPUT and
COMMON terminals.

g. Adjust the voltage readout dials for a zero indi-~
cation on the meter, while turning the NULL switch to
successively more sensitive pogitions.

h. Read the magnitude of the unknown voltage irom
the readout dials,

j. Fluctuations in the unknown voltage can he meas-

- ured by observing the excursions of the meter needle.

Full zeale meter calibration is determmed by the setting
of the NULL switch.

2-13. RECORDING VOLTAGE EXCURSIONS ABC)IJT .

A NOMINAL VALUE

a, Verify correct meter zeroing ag in paragraph 2-7.

b. Set the ac-de polarity awitch to the desired position.

¢. Connect the input voltage between the INPUT and
COMMON terminals, If one side is grounded, connect
it to the COMMON post. Deflection of the meter needle
to the left indicates a negative voltage at the INPUT
terminal, Turn the polarity switch to negative.

d. Set the RANGE switch to the lowest range glving '

an on-scale deflection.
e. BSet the digital readout dialg to the value determined
in step d.

8874

f. Turn the NULL awitch to the lowest pogition that
still allows execursions to stay on scale,

g. Observe the voltage excursions on the meter. ‘De-
flections to the right indicate an inerease in amplitude;
to the left, a decrease in amplitude.

2-14. When recording voltage excursions it must be
remembered that the leakage resisiance, recorder to
ground, must be at least 10, 000 megohms. Less re-
sistance will impair the accuracy of the voltmeter., M
the recording instrument has less than 10, 000 megohma
input registance, an isolation amplifier must be used. .
The FLUKE Model AB8 is recommended for this appli-
cation ag it permits the use of any recorder without
regard to input isolation characteristics,

2-15, To use the Model 887A with an izolation ampli-

- fier and recorder:

a. Short the INPUT terminal to the COMMON terminal
and set the voltmeter switches to:

RANGE 10
"NULL 1
readout dialg 1, 00000

The meter will indicate full scale deflection (-1, (). This

. feeds up to 2 maximum of 20 mv to the RECORDER out-

put terminals, depending on the adjustment of the AMP
ADJ control.

b, Epergize the recorder and amplifier. Connect the
isolation amplifier to the RECORDER OUTPUT ter-
minals. :

¢. Adjust the AMP ADJI control for the desired max-
imum deflection of the recorder.

d. Remove the short ixom the INPUT apd COMMON
terminals.,

e. Check for excesgive current leakage as follows:
Connect a voltage to the input of the Model 887A and
measure its magnitude in the moat sensitive null range.
Alternately connect and digeonnect the recorder leads
to the voltmeter. A meter deflection of more than one
major scale division (10% of the null ra.nge) indicates
excessive leakage.

2-16. MEASURING HIGH RESISTANCES

2-17. For the quick determination of resistance values
in the range from 10 o 11, 000 megohms proceed as
follows:

a. Verify correct meter zeroing as in paragraph 2-7,

b. Bet the NULL switch to 1 and the RANGE switch to
10.

¢. Connect unknown resistance to the INPUT and
COMMON terminalg, Use short isolated leads to min-
imize errors due to lead leakage resistance,

d. Adjust the readout dials for full-scale meter de-
flection (-1, 0). @i full-acale deflection cannot be ob-
tained with the NULL switch at 1, change it to 0.1 or
0.001,

e. Determine the value of the unknown reaiatance
from the table of Figure 2-3,

2-3




£-18. With the RANGE switch set at 10, the following
formula may be used to determine unknown resistance
values.

R, =Ry (EE "9 megohing

Where;

R, is the unknown registance in megohms. : I COMMON
G

INPUT

MODEL 8B7A

E iz the voltage indicated on the readout dials.

Eyy is the voltage indicated on the meter. : 3 @ GROUND
R; is the input resistance of the TVM eircuit ip meg-
ohma. It iz 10 for the ) and 0.1 positions of the NULL )
switch and 1 for the 0.01 and 0. 001 pogitions when the Figure 2-4. SIMPLIFIED VOLTMETER INPUT CIRCUIT
RANGE switch is set at 10.

ceeding low voltage measurements {under 5 volts).
RANGE OF | NULL $W. | WHEN METER INDI- Connect the shorting link from the COMMON terininal
UNKNOWN | POSITION | CATES FULL SCALE: to the GROUND terminal for & few seconds to discharge
Cl. When measuring ac common-mode voltages, a
10M © to MULTIPLY READOUT BY 3-prong to 2-prong line-cord isolation plug must be
100M 2 10 2nd SUBTRACT 10 used, An ac load might otheTwise be placed on the volt-

‘ age source by capacitor C1,
90M @ to MULTIPLY READOUT BY :
1090M £ : 100 AND SUBTRACT 10 2-22. ERRORS DUE TO WAVEFORM DISTORTION

_—

1, 000M € to MULTIPLY READOUT The AC to DC Converter output voltage ig 1. 11 times '
11, 000M £ 0.001  |pvyi0 - i

’ 00. the average value of the ac input signal, Therefore, if
the input is not a true simsoid the outpui will probably
be in error. The magnitude of the exror will be in pro~
portion to the magnitude of the distortion and its phase
and harmonic relation to the fundamental. Figure 2-5

2-19. ADDITIONAL OPERATING TECHNIQUES indicates error magnitude a% a function of harmonic
distortion.

Figure 2-3. MEASURING RESISTANCE WITH THE
MODEL 8874

2-20., GROUND LOOPS AND COMMON MODE
VOLTAGES

% ERROR FROM

Ground loops may result when the Mode] 8874, in which ORDER OF TRUE RMS

the chaszis and case are grounded, is connected to an HARMONIC | DISTQRTION MAX. MAX.
instrument or signal-gource ground at a different pat- POSITIVE |NECGATIVE
ential. Current may flow in this completed circuit
causing erroneous meter readings.. To avoid this con- ANY EVEN . 0.000 0. 000
dition the Model 887A should be connected to the power HARMONIC . 0, 000 0, 0001
source through a 3~pin to 2-pin isolation plug, This . 0. 000 0. 005
dizconnects the instrument from the external ground and . ' 0. 000 0.020
effectively breaks the ground loop circult. .

€

1

. 0.033 0,033
2-21. Common mode voltages may result when the . 0. 167 0. 168
circuit element to which the instrument is connected . 0,328 0.338
la grounded through a second element. The gituation ‘ 0. 667 . 0.687
is illustrated in the gimplified diagram of Figure 2-4, ;
In this example, if the COMMON and GROUND terminals . 0.020 0.020
are connected to an a¢ source, R2 1s ahunted inereasing . 0.08% 0. 101
the current through R1 and causing an erronecus meas- . 0.195 0. 205
urement. During dc measurements, error is deter- . 0. 380 0. 420
mined by the leakage resistance from the COMMON :
terminal to ground. The de common-mode rejection Errors depend upon phase relationship between fund.
ratio while measuring voltages up to 1000V at a relative and harmonie. Error may be any value beiween
humidity of 70% or less, is 5, 000,000 to one or Q. 2 uv/ max, positive and max, negative.

volt. A 0,1 uf capacitor (Cl) is connected from the
COMMON terminal to the GROUND terminal, When Figure 2-5. MEASUREMENT ERRORS AS A FUNC-
making common-mode measurements, this capacitor TION QF INPUT-SIGNAL HARMONIC
may become charged. This could lead to errors in suc- DISTORTION

2-4

—_—




+

2-23. EFFECTS OF AC COMPONENTS ON DC

MEASUREMENTS

The triple-zection low-pass filter at the input to the Null
Detector attenuates ac sigpal components. At frequen-
cies below 100 Kz the filter hecomes less effective.
When the frequency is close to a multiple or submultiple
of the 83 Hz chopper frequency, the meter needle will
oscillate af the difference frequency. If error cansing
ac components are encountered, additional filtering
will be required. For single frequency signals, a twin-T
filter is effective and has the advantage of low total
serieg resistance. For variable fréequency signals, an

ordinary low pass filter may be used.
3-24. AC INPUT SIGNAL INSTABILITY

Most ac sources are not stable enough to be measured
in the most sensitive mull range, For example, if 1.0
volt is measured with the RANGE switch set at 1 and the
NULL switch set to 0. 0001, the mill detector sensitivity
is 100 uv fyll geale. Since 100 uv is 0.01% of 1 volt, an
ac source with a stability less than +0. 01% will canse
meter fluctyations. In addition when using the most sen-
gitive null range, converter noige may cause meter de-
flection if the input signal is below 1 mv.




SECTION 11l

THEORY OF OPERATION

3-1.  SIMPLIFIED DIFFER‘ENTIAL'VDLTME.TER

3-2. The basic operating principle of a differential
voltmeter is the comparison of an unknown voltage to a
calibrated reference voltage. The principle is illugtrated
in Figure 3-1, Here, the reference voltage is repre-
sented ag a battery. A calibrated voltage divider, Rl,

provides an adjustable cutput. * The unknown input volt-
age i3 connected to input terminals A and B, ‘When the
voltage divider is adjusted so that the two vollages are
equal, there will be no current flow in the meter. This
condition is termed a null. The magnitude of the un-

-known voltage is equal to the product of the reference
voltage and voltage-divider ratio. Ina practical differ-
ential volimeter, the voltage divider comtrols are cal-
tbrated in termsiof the input voltage. Typleal accuracies
of this type of de voltage measurement atre of the order
of 0. 005%.

3-3. CIRCUIT FUNCTIONS

3-4. The principle elements of the Mode} BSTA Volt-
meter are depicted in the Functional Block Diagram of
Figure 3-2, Inthis diagram, the Reference Supply bat-
tery of Figure 3-1 has been replaced by the Reference
Power Supply; the voltage divider has been replaced by
the Kelvin-Varley Divider; and the Meter has been re-
placed by the Null Detector, Additionally, the input
circuit has been modified to include an AC to DC Con-
verter and a DC Attenuator,

3-5, The Model 887A has three basic operating modes:
de, ac, and TVM. In the de mode, the input voltage is
connected through the DC Attenuvator to the NULL De-
tector apd Kelvin-Varley Divider. The DC Attenuator
atienuates input voltages above 11 volts to values within
the 0-to-11 volt operating range of the Kelvin-Varley
Divider. The Kelvin-Varley Divider is adjusted to make
the output voltage equal to the unknown input voltage.
When they are equal, the NULL Detector will indicate
zerc on the meter, The magnitude of the upknown volt-
age can then be read from the front-panel dials which
are mechanically linked to the Kelvin-Varley Divider.
“In the ac mode, the input signal is connected to the AC
to DC Converter where the ac voliage is converted to a
de voltage proportional to the average valuye, This de

voltage is then compared to the reference voltage as in
the dc mode. In the TVM mode, the Kelvin-Varley IM-

ider and Reference Power Supply are disconnected and

the input signal is connected directly to the Null De-

tector, .In this case the Null Detector functions as a

conventmnal voltmeter.

3-6. REFERENCE POWER SUPPLY

3-7. The Reference Power Supply is part of the ~18
volt Power Supply. Eoth of these supplies are energized
through diode CRI102 and filter network R106, C102 from
the power transformer terminals 10 and 11, In the
Model 887AB, unregulated de is also supplied by & pair
of 9, € volt batteries designated BT3 on the functional
schematic diagram, Voltage in either case i3 supplied
to series-pass trangistor Q101 which accorplishes. volt-
age regulation in the following manner. A voltage pro-
portional to the output voltage 1a developed at the base
of differential amplifier Q103A by voltage divider R109,
R110, and R111. At the other input, QL03B, zener
diodes CR103 and CR104 establish a reference voltage,
Output voltage variations with respect to the reference
voltage are amplified and appear as an error signal at
the collectors of Q103A and QLl02E. The error signal
iz amplified additionally by the differential amplifier
Q1104 - Ql05. Output from Q104 is fed to the bace of
Q101, Voltage drop across Q101 is therefore controlled

REFEREMCE
SUPPLY

B &

Figure 3-1, SIMPLIFIED DIFFERENTJAL VOLTMETER
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by the differential amplifier to maintain a eonstant -18
volts output, Q102 is in the circuit to insure that Q1oL
will sonduct at all times. (Under certain conditions of
low battery voltage Q101 may not operate by itself). The
constant -18 volis is connected to one end of resistor
R117. The other end of this resistor is connected to
the constant voltage developed zeross Zener diodes
CRI103 and CR104. Because the resistor is connected
between two congtant voltage pointg, the current through
the resistor is constant. The value of R117 is selected
Ior optimum current through the Zener diodes, The
voltage developed acrogs Zener dicdes CR103 and CR104,
although extremely stable, can be of 4 magnitude from
11.4 to 13 volts, Resistors R119 and R120 function as
an adjustable voltage divider to set the cutput voliage at
exactly 11 volts. Additionally, resistors R121, R122,
and R123 function a8 a voltage divider in the 1-volt range
to reduce the reference voltage to 1.1 volt. It is impor-
tant to nate that the output voitage at this point is depen-
dant upon constant current in the load.

3-8. KELVIN-VARLEY DIVIDER

3-9. 7To insure constant current loading on the Ref-
erence Power Supply, the Kelvin-Varley Divider must
prezent a constant input resistance as the division ratie
iz changed. The first order of division occurs in the
resistive divider associated with dial A (R301 through
R326). The resistors of thiz divider are arranged in
twelve equal parts of 5000 ohma each. The two contacts
of switch 85 connect the second order resistive divider
(R327 through R337) in parallel with any two adjacent
parts of the first divider. The total resistance of the
second-order divider is 10,000 ohma. Connecting it
in parallel with two first-order divider parts, results
in a total resistance of 5000 ohims, This resistance in

3-2

Figure 3-2, MODEL 387A FUNCTIONAL BLOCK DIAGRAM

series with the remaining ten 5000 ohm parts, provides
elaven equal voltage steps in association with dial A,
Bince the Reference Power Supply output is 11 volts,
Dial A iz calibrated in one-volt increments from zero
to 11 volts.

3-10. Second-, third- and fourth-order divisiona occur
in association with dials B, C, and D. As with switch
85, switches 56, 87, and 88 connect the total resistance
of a divider in parallel with two adjacent parts of an
eleven equal part divider. And, like dial A, the remain-
ing dials are calibrated in zero-to-ten increments. Dial
B in 100 mv steps, dial Cin 10 mv steps and dal D in
1 mv steps. Dial E, is a variable resistor rather than
2 switch but the satne principle applies.

3-1i. The resistors of the Kelvin-Varley Divider are
egpecially selected for tolerance and temperature co-
efficient. In the first-order divider, resistance values
are trimmed to six-place accuracy with 2 obm variahble
registors. In short, a great deal of control is exercised
in manufacturing the Kelvin-Varley Divider, and barting
catastrophic fallure, resistance values should remain
well within tolerance limits for several years of normal
usage.

3-12. INPUT SWITCHING

3-13, The ac-dc polarity switch, 54, selects the oper-
ating mode of the instrument. In the dc mode {(either
+ or =), the unknown voltage is connected to the RANGE
switch 82. Inthe 1 v and 10 v positions, 52 connects
the input voltage directly to the NULL awiteh 53. With
the RANGE switch in the 100 v and 1000 v positions,
resistors R100, R101, R102, and R103 divide the volt-
age by 100. The 10 K variable resistor R103 is used

_—
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to calibrate the divigion ratio. Operation in the ac mode

connects the input voltage to the AC or DC Converter.

3-14. ACTO DC CONVERIER

3-15. The comparison section of the Model BBTA can
uiilize only de voltage, Adg a resuit, ac input voltages
must be converted to d¢ voltares, This function is
acheived in the AC to DC Converter. The attenuator has
four sections, one for each position of the RANGE switch.
In the 1 volt position, the input iz connected through the
ac-de polarity switeh, 84, directly to the input of the
amplifier. In other switch positions, attemuators reduce
the input voltage by factors of 1000, 100, and 10. The
first stage of the amplifier is an n-channel field-effect
trangistor. The field-eifect transistor provides high
input impedance as well as low input noise character-
igtics. The next four stages are two trangigtor double-
tons QB02 503, and Q504 Q506. Q505 acts as a dynamic
load, increasing the output impedance of the amplifier.
The amplifier hag 2 midband loop gain of approximately

70 db with a virtually flat frequency response from 20 hz .

to 20 KHz. The output of the amplifier is fed to the
rectifier/filter which uses a pair of diodes CR503 and
CRS504 to convert the ac to pulaating de. At this point
negative feedback is returned to the gate of the field
effect transistor. The negative feedback makes the
amplifier practically noise free and relatively ingen-
sitive to gain changes in individual stages,

3-16. NULL DETECTOR

3-17. The Null Detector is a chopper-modulated cur-
rent-feedback amplifier. An important characteristic

of thia type of amplifier ia the switching reed in the input -

eircuit. Thig switching reed or chopper, as it ig often
called alternately gwitches the input of the high~gain

amplifier between the input gigpal and a reference volt-

age. As a result the ac-coupled amplifier amplifies
the difference between these two signals; effectively
eliminating long-term dc shifts in the amplifier.

3-18, The switching reed is actuated by a chopper
drive ¢oil, which in turn is driven by a chopper-driver
multivibrator., The multivibrator switching elements
are transistors Q106 through @109. The frequency of
the multivibrator is 83 Hz. When the multivibrator
gwitches in a direction to comnect the switching reed to
the input signal, transistor @206 iz cut off. Conversely,

. when the mudtivibrator switches the reed to the reference

voltage, transgistor Q206 ig turned on, clamping the
junction of C217 and R225 to the Nyll Detector cireuit
commaon. When the switching reed is actuated to the
input signal connection, the amplifier amplifies the

887A

difterence signal, charging capacitor €219 and cauging
current to flow in the meter circuit. Simultaneau&ly,‘
a voltage is developed at the junction of R229 and the
meter which is proportional to the meter current. This
voltage is fed back to the voliage reference circuit and
establishes a new voltage reference. Then, when the
awlitching reed iy gwitched back to the voltage reference,
the output of the amplifier is clamped by Q206. The
current feedback voltage and the meter indication is
maintained by the discharge of C210 through the meter
cirguit,

C219 in discreie steps by the amplified voltage difference
between the input signal and the fed back reference
voltage,

3-19, The high-gain ac amplifier utilizes a FET in the
input ¢irenit for high input impedance and low noise.
The remaining two stages are transistor doubletons, .
each having de-coupled negative feedback for stability
(through R216 and R222). The input circuit includes
a low-paas filter (R201, C201, R202, €202, R203, and
C203) for the suppression of noise and ac signalg, and
a neon glow lamp (D8201) to protect the FET from dam-
aging transients or overload voltages.

3=20. 'The input switching circults for the Null De-
tactor determine the operating mode for the instmuonment.,
‘When the NULL switch s placed in the TVM position,
Section 53C connects the front-panel COMMON con-
nector to the Null Detector common. Simultaneously,
Sections 53G, 53H, and 83E connect the INPUT con-
nector to the Null Detector input through a fixed voli-
age divider. When the NULL switch is placed in any
of the other four positions, section 33C connects the
front-panel COMMON connector to the Kelvin-Varley
Divider for differential voliage measurements.

3-21. INPUT-POWER SWITCH FUNCTIONS
3-22, The Model 8374 has only one Power Switch func-

" tion. Switch 81 connects the ac input power to the trans-

former. The Model 887A8 bas three Power Switch
functions. S1A and S1B connect the ac to the trapsformer
in the LINE OPR and BAT CHG positions. AC is dis-
connected in the OFF, BAT CHK, and BAT OPR posi-
tions. S1C, 51D, and S1E, connect the transformer to
power supply inputs. In addition BT1, BT2, and BT3
are connected to the power supply inputs in the BAT CHE
and BAT OPR positions. BAT CHG position connects
an additional diode and resistor to each of the bat-
teries to provide battery charging during line operation.
31G and 31H conpect the meter acrosgs the output of the
Null Detector in all positions but BAT CHE. In the
BAT CH¥ pogition the meter is connected from the -18
volts to common,
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SECTION

v

MAINTENANCE

4-1. PERIODIC MAINTENANCE

4-2, Jince the Model 887A and the Model 887AB are
tompletely enclosed units, the need for cleaning is
greatly reduced, If the instrument is used in a clean,
comparitively dugt-free area, routine cleaning will prob-
ably not be necessary, I it is necessary to temove the
covers, exercise exterme care to avoid introducing dirt
or grease from the bands or test ingtruments, Special
care has been tiken to prevent lexkage across critical
switch wafers, areas of some printed cireuit boards,
and from the printed circuit boards to chassis ground.
The POWER, RANGE, NULL, polarity, and all voltage
readout awitches are vaeuum impregnated with Dow
Corning ailicone oil. These switches are alzo igolated
from the front panel with Lexan spacers. The printed
cireuit boards are coated with Epocast 8267, Algo, the
printed cireuit boards are isolated irom chassis ground
by polyethelene grommets.

4-3. Use the following procedures to clean the instru-
ment,

CAUTION!

Avoid touching polyethelene grommets. The
normal accumulation of oil on the hands
may be enough to cause excessive leakape.

a, With low-pressure, clean, dry air, remove accu-
mulationg of duat and foreign material. Pay particular
attention to the input binding posts, binding post wiring,
switches, and polyethelene grommets which insulate
printed circuit boards from the chassis.

b. Clean the polyethelene grommets, binding posts,
and front panel with anhydrous denatured ethyl alchol
or a preasure can of Freon TF Degreaser (Miller-
Stephenson Chemieal Co., Inc.) and, as necessary,
a clean cloth or a cotton swab.

CAUTION!

Do not use Metriclene, acetone, laguer
thinner, or auy cther methyl ethyl ketones.
They will react with the Lexan rotors on
the switches. Also, be careful not to sat-
urate the switch contacts as they have been
lubricated for the life of the awitch.

c. As necessary, clean all exposed insulating switch
surfaces with denatured alcohol uelng a small, stiff-
bristled brush, wrapped in a clean cloth.

d. After cleanmg and waiting until the alcohol has
completely dried, recoat the exposed insulating material
with & solution of Dow Corning 200 having a wscosity
between 5 and 20 centistokes,

4-4. TEST EQUIPMENT REQUIREMENTS

4-5, Test equipment for Calibration is lated in Fig- .
ure 4-1, In each case this is the recommended equip-
ment and if it is not available comparable equipment
may be used.

4-6. THE CALIBRATION CYCLE

4-7. 'The accuracy of a precision voltmeter such as
the Model 887A is dependent upon its ability to stay
within acceptable tolerance limits. This ability, or
ingtrument stability, depends on the change in value
of the components in the instrument with time. Each
instrument will thus have a stability that varies from
the average stability of a group of instruments, Meas-
urements of ingtrument stability indicate that the initial
calibration interval should be six months. After the
first few calibration intervals, past performancé will
allow the interval to be adjusted to fit the instrument
gtability and the degree of usage.

4-8. A Performance Evaluation has been included as
the first part of a four part calibration procedure in
order to measure instrument stability. This procedure
includes a Performance Evaluation Record (Figure 4-18)
for recording observations., Pre-Calibration Service
and Adjustment is the second part. This part congista
of a series of performance checks and ¢alibration ad-
justments to prepare the instrument ior final calibration.

. The third part, Calibration, consists of 2 complete ac

and de calibration procedures as well as Kelvin-Varley
evaluation and calibration procedure. The final step is
the Stability Evaluation which measures the instruments
performance with reapect to short periods of time.

4-1




NOMENCLATURE

SPECIFICATIONS REQUIRED

RECOMMENDED INSTRUMENT

VTVM

Range: 0-40 vac, 0-300 vac

Accuracy: +5%
DC Input Characteristics: 10 meg/5 pf
AC Input Characieristics: 1 meg/100 pf

RCA Voliohmyst

RMS Voltmeter

Range adequate to measure 200 uy, =5%,
at 120 Hz.

John Fluke Mig. Co.
Model 910A

Autotransformer

103 - 127 v, 1 amp,
207 - 263 v, 1/2 amp.

General Radlo Corp.
Model W5MT 3 Variac

DC Differential Voltmeter

Range: 10 - 20 vde, 0, 05%
Null Range: at least 10 mv.

Almost any John Fluke Mig.
Co. Differential Voltmeter

Standard Cell

Accuracy: +0.0005%

Cuildline Mfg. Co.
Model 8152/P4

Reference Voltage Divider

Inpat voltage: 10-100-1000 vde

Output Voltage: 1-10-100-1000 vde
Accuracy: =(0.001% + 2 uv)

Divider Current Adjustment Range: toa

minimura of 1 ppm and a maximum of § ppm

on all ranges.

John Fluke Mifg, Co.
Madel T50A

Null Deteclor

Range: 1uv to 1l mv, end scale

John Fluke Mfg. Co.
Model 8454

AC Bource

Voltage output: 1 - 1000 volts
Frequency range: 35 Hz to 100 kHz
Stahility: 0.01%/hr.

Distortion: 0.05% or less
Resolution: 0. 0005% or better.

Optimation Inc.
Model AC 104

Counter

Adequate to measure 84 Hz +2 Hz.

CMC Model 201C

Transfer Standard

Voltage Range: 1 - 1000 volts
Frequency response: 400 Hz to 100 kHz
Accuracy: 0.01%

John Fluke Mfg. Co.
Model 340B

Lead Compensator

Resolution: 0.1 millichm
Divider resigtance ratio from 1:1 to 10:1

. John Fluke Mfg. Co.
Model T21A

Kelvin-Varley Voltage
Divider

Input Resiastance: 100k
Ratio accuracy: 1 ppm
Seven decades

John Fluke Mfg. Co.
Model 720A

Voltape Standard

Qutput voltage: 1 - 1000 vde
OQutput Current; 0-6 ma
Stability: +0.0005%/hr.
Resolution: +0.0005%
Agcuracy: =0.004%

John Fluke Mfg, Co.
Medel 332A

4-9. PERFORMANCE EVALUATION

Figure 4-1, TEST EQUIPMENT SPECIFICATIONS

than the null detector.

If the instrument fails to pass

4-10. DC CHECKS

4-1i. NULL DETECTOR CHECK, The null detector
iz checked in this procedure by using the inatruments
internal reference supply and Kelvin-Varley divider.
‘This is posaible becanse the reference supply and Kelvin-
Varley divider are a few hundred times more accurate

4-2

this check, there is a remote chance that the cause iz
due to a faulty reference supply or Kelvin-Varley divider.
In this case, the measurement of an appropriate volt-
age in the TVM mode will indicate if the null detector
is operating properly. Proceed as follows:

a. 8et 8BTA meter to zero with mechanical zero
control.
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b. Bet POWER switch to LINE OPR with 887AB or to
ON with 88TA and allow 2 warmup period of § mimtes,

¢, Bhort INPUT post to COMMON post.

d. Set ac-dc switch to + (poaitive). -

e. Set switches on voltmeter as shown in Fipure 4-2.
Meter should indicate within 1-1/2 amall scale divi-
sions (+3% of null range) of value shown in Figure 4-2.

f. Record meter indications in Figure 4-18.

g. Remove short from hetween INPUT and COMMOMN
posts and zet POWER gwitch to QFF.

V@LTI\IETER SWITCH SETTINGS

VOLTAGE METER
READOUT [INDICATION
DIALS ‘

RANGE NULL
A

10 1.0
1 .
1 .01

Before proceeding, set RANGE switeh to 1, NULL
switch to . 0001, all voltage readout to zero, and
mull meter by adjusting electropic ZERO control,

1 0001 0001 on 1.0
100 1 00.10 -1.0
100 .01 0001 -1.0

Figure 4-2. SETTINGS FOR NULL DETECTOR
CHECK

4-12. DC DIFFERENTIAL VOLTMETER CHECE. The
following procedure checks the acenracy of the instru-
ment when used ag a DC Differential Voltmeter, The
regults of each measurement shonld be recorded in the
Performance Evaluation Record, Figure 4-18, to form
a permanent history of instrument performance.

a. Connect equipment as shown in Figure 4-3 and
adjust the equipment to provide de voltages of 1, 10,
100, and 1000 volts as ouflined in paragraph 4-43.

b. Connect 887A ground post to Une ground.

¢. Bhort INPUT post to COMMON post.

d. Set 887A ac-de POLARITY switch to +, RANGE
switch to 1, NULL switch to . 0001, and all voltage
readout diala to 0 (zero).

e. Null meter by adjusting electronic zero control
(R239).

f. Remove short from between INPUT and COMMON
posts.

g. Set 887A NULL sawitch to 0. 1 and voltage readout
dials to 1. 000000,

h. Apply 1 volt de +(0. 001% + 2 uv) between INFUT
and COMMON posts, ‘

i, Adjust 887A voltage readout dials for zerc meter
deflection in each successively more sensitive null
range. Final voltage readout dial setting should be
hetween . 999965 and 1. 0000381, ‘

j. Set 887A RANGE switch to 10, NULL switch to 1,

. and voltage readout dials to 10. 00000,

k. Apply 10 volts de +0. 001% between INPUT and
COMMON poats.

of 1.111111, 2, 2223222,

887A

L. Adjust 387A voltage readout dials for zero meter
deflection in each successively more sengitive null
range. Final voltage readout dial setting should he
between 9, 99973 and 10, 00027,

m. Reverse input connections to 887A and set polarity
switch to - (negative), Meter reading should remain
within £5 uv of indication in step 1.

" n. Reverse input connections and set polarity switch

- to + {poaitive).

a. Set 887A RANGE switch to 100, NULL switch to
10, and voltage readout dials to 100, 0000,

p. Apply 100 volts dc £0. 001% betwéen INPUT and
COMMON posts. Note that the voltage dials on the 332A
Voltage Standard must be readjusted for a mull on 845A

. Null Detector due to loading of voltmeter on 7504 Refer-

ence Divider. :

4. Adjust 887A voltage readout dials for zero meter
deflection in each successively more sensitive null
range. Final voltage readout dial settmg should be
between 98. 9874 and 100, 00286,

r. Set 887TA RANGE switth to 1000, NULL switch
to 100, and voltage readout dials to 1000, 000,

5. Apply 1000 volts de 10, 001% between ITNPUT and
COMMON posts, Note that voltage dials on the 332A
Voltage Standard must be readjusted for a null op:845A
Null Detector because the velimeter no longFJr loads
750A Reference Divider,

t. Adjust 887A voltage readout dlals for 4 zerg meter
deflection in each successively more sensitive null range.
Final voltage readout dial seiting should be hetween
299. 974 and 1000, 026,

u, Disconnect 887A from test equipment.

v. Set 887A ac-de polarity switch to +, RANGE gwitch
to 1, NULL gwitch to 0. 1, and all voltage readont dialz
to 0 {zero). :

w. Differentially measure the voltage of a standard
ceil. Final indication should be within 32 uv of correct
value.

X. Set RANGE awitch to 10, NULL switch to 1 and
difierentially measure the voltage of two atandard cells
connected in series. Final indieation should be within
+66 uv of correct value.

y. Differentially measure the voltage of three standard
cells connected in series. Final indication should be
within +82 uv of correct value.

Z. BSet up the necessary eqmment to prnvide voltages
. ey, 0,099999 volts de with an
accuracy of +(0. 001% + 2 uv). Proceed ag followsa:

(1) Set POWER switch to STANDBY/RESET on 3324
Voltage Calibrator. -

(2) Connect equipment as shown in Figure 4-4. .

{3) Set 332A VOLTAGE RANGE to 10 apd voltage

- diala to 10. 000000,

(4 Set INPUT switch and OUTPUT switeh on 750A

Raference Divider to 10,

"(5) Set B45A Null Detector to 100 MICROVOLTS.

(6) Set 7T00A STANDARD CELL VOLTAGE switches
to voitage of standard eell, .

(7) Set 332A POWER switch to ON,

(8) Adjust 3324 voltage dials for a null in each
successively more sensitive null range on 845A . Zero
845A as necessary.

(9) Voltages of 1, 111111, 2.222222, ..., & 999999
volts de are available at the OUTPUT terminals of the
T20A Kelwn-Varley Divider when all 720A voltage dials
are setto 1, 2, , 9 respectively.

4-3
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Figure 4-3. EQUIPMENT CONNECTIONS FOR DC CALIERATION

az. Set 887A RANGE switch to 10 and NULL switch
to . 001,

ab. Apply voltages listed in Figure 4-5 between 8874
INPUT and COMMON posts, set 887A voltage dials as
indicated for applied voltage, and adjust 8874 voltage
dials for a null on 887A meter. Final voltage dial setting
should be within the values }Hsted in Figure 4-5.

4-13. AC CHECK

4-14. The following procedure checks the accuracy
of instrument with full input on each ac range at 10

FLUKE MODEL 7208 N
KELVIN-VARLEY DIVIDER

Mode| 2152
Standard Cells

kHz. The results of each measurement should be re-
corded in the Performance Evaluation Record, Figure
4-18, to form a permanent history of the instrument
performance

a. Connect equipment as shown in Figure 4-6 and
adjust the equipment to provide 1, 10, 100, and 1000
volts ac rms at 10 kHz such that the average value has
an aceuracy of 0.02% as instructed in paragraph 4-45.

b, Set polarity switch to AC and voltage readout dials
to 10. 00000.

¢.  Complete procedure indicated for each horizontal
line of Figure 4-7.

FLUKE MODEL 332A
VOLTAGE STANDARD

Gl W " m m BB S

FLUKE MODEL 7504,
REFERENCE DIVIDER

R “

Figure 4-4. REFERENCE SUPFLY AND EXTERNAL KELVIN-VARLEY DIVIDER CHECK SETUP
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INITIAL VOLTAGE READOUT FINAL VOLTAGE READOUT

VOLTAGES APPLIED TO 887A DIAL SETTING DIAL SETTING

[y

1.11107 to 1,11115
2, 22215 to

1, 111111

B, 223000
3.333833

L4 444444

.| B.555555.
" B, BOG66E.
7.TTTTT

8. 888388

9, 999999

BREER

. 77758
8. 88864 to 8.83912
9. 99972 to 10. 00027

215 3
BRI

Figure 4-5. VOLTAGE READOUT DIAL LIMITS

4-15. PRE-CALIBRATION SERVICE AND g. The correct output voltage should be -18.0 0. 1
ADJUSTMENT voltz. If calibration is necessary, adjusgt R111 (see
Figure 4-9) for a null on teat differential voltmeter.
4-18, This procedure contains service checks at eritical h. Leave test differential voltmeter connected to ~18.0
points within the instrument and a series of minor eali- volt reference supply for the next two checks.
bration adjustments to prepare the ingtrument for final
calibration.

4-17. REFERENCE SUPPLY CALIBRATION

4-13, REFERENCE SUPFLY REGULATION

a, Adjust autotransformer to vary line voltage from
a. Connect 887A to power line through a variable 102 to 128 volts.
autotransformer. b. Ouiput of reference supply should not vary more
b. Adjust autotransformer for 115 voltz ac output. than 800 uv. '
t. Set POWER switch to LINE OPR with 887AB or e. Adjust autotransformer for a line veltage of 115
to ON with 887A. volts.
d. Bet NULL switeh to TVM.
e, Connect a differential voltmeter hetween circuit 4-19. REFERENCE SUPPLY SHIFT (887TAR only)
common 1, TP1 on schematic and in Figure 4-8, and :
=18 volt reference supply output, TP26, a. Turn POWER switch from LINE OPR to BAT OPR.
f. Bet up test differential voltmeter to differentially b. Output of reference supply should not vary more
measure -18. 0 volts de. than 800 uv.

AC SOURCE

MODEL
AC104

T VOLTAGE STAND
Figure 4-6, EQUIPMENT CONNECTIONS FOR AC CALIBRATION




Set RANGE
switch to

Set NULL
switch to

Apply the following voltage between
INPUT and COMMON posts

Adjust voltage readout dials for zero
meter deflection in each successively
more sensitive mull range. Final
voltage readout dial setting should be
between

1000 vae, 10 KH=,

1 va¢, 10 KHz, +0,02%
10 vae, 10 EHz, +0.029
100 vae, 10 KHz, +0.02%
40.02%

. 999250 to 1, 000750
9, 99250 to 10, 00750
99. 9250 to 100. 0750

+999. 000 to 1001,000

Figure 4-7. AC CHECKS

4-20, +18 VOLT SUPPLY CALIBRATION

a, Connect a differemtial voltmeter between circuit
common 2 and +18 volt supply ocutput, TP29 and TP30
in Figure 4-8.

b, 3et up test differential voltmeter to differentially
measure +18. 0 volts de.

¢. The correct output voltage should be +18.0 +0. 1
volts. If callbration is necegsary, adjust R539 (see
Figure 4-8) for a null on test differential voltmeter,

421, +18 VOLT SUPFLY QUTPUT RIPPLE
a. Connect an rms voltmeter between cireuit commeon
2 9énd +18 volt supply cutput, TP29 and TP30 in Figure
b. Adjust rms voltmeter controls to measure 200 uv
af{. Output ripple should be 200 uv or less,

4-22, CHOPPER DRIVE SYMMETRY

4. Connect a differential voltmeter acrosgs the drive
coil of chopper G201, TP27 and TP28 in Figure 4-8.

b. Remove ahurt.ing ligk between COMMON and ground
post.

¢. Bet up test differential voltmeter to differentially
meagure ¢ 50 mv de.

d. The correct voltage should be 0 +50 mv. I cali-
bration i3 necessary, adjust R126 for a mll.

4-23. CHOPPER DRIVE FREQUENCY

a. Connect an electronic counter between one zide of
the chopper drive coil and circuit common 1, TP27 or
28, apd TPl in Figure 4-8.

b. 8et up counter to measure a frequency of §4 Hz.

¢, Counter should indicate 84 +1 Hz. I calibratinn
is necessary, adjust R124,

1-24. NULL DETECTOR FET VOLTAGE

a. Measure voltage between circuit common 1 and
TP31, with a vtvm,

b. Voltage at drain of Q201 should be -10 0. 5 volts
de. I calibration is neceseary, adjust 8208,

4-6

4-25. NULL DETECTOR OUTPUT CHECK

a. Measure voltage between cireunit common 1 and
collector of 205, TPl and TP32, with a vtvm.

b, Voltage at collector should be between -T and -10
volts.

4-26, NULL DETECTOR ZERO ADJUSTMENT

4. Mechanically zero the meter with the adjustment
screw on the front of the meter case. If the instrument
is in it cage, it must be shut off for at least three min-
uteg prior to this adjustment. If out of its case, another
method ig to short out the internal panel meter terminals
prier to zeroing.

b. Turn matrument on and allow a © minute warmup
period,

zerg, polarity to +, and NULL switch to 0. 0001,
d. Short INPUT post to COMMON post and adjust

iront panel electronic ZERO control with a serewdriver
for zero meter deflection.

4-27. NULL DETECTOR NOISE
a. Short INPUT post to COMMON post.

" b. Random excursions of meter needie should be less

than 1 small divieion peak- to-peak. over a 3 second
interval,

4-28. NULL DETECTOR OFFSET

a, Bhort INPUT post to COMMON post.
b. Remove ghort while observing meter indication.
~¢. Null indication ghould not change by more than 2 uv.

4-29, NEGATIVE POLARITY OFFSET

a. 'Turn polarity switch from + to -,
b. ' Null indication should not change by more than 2 uv.

4-30 NULL DETECTOR REGULATION

a. Adjuat autotranafurmer to vary line voltage irom
102 to 128 volts,

b. . Null indication should not change by more than 2 uv.

c]..t Adjust autotranaformer for a line voltage of 115
volts,

¢. Bet RANGE switch to 1, voltage readout- dials to

3
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COMVERTER
ASSEMBLY

NULL DETECTOR
| ASSEMBLY

COMNVERTER
ASSEMBLY

REFEREMCE SUPPLY
ASSEMBLY

MNULL DETECTOR
ASSEMBLY

Figure 4-8, CALIBRATION AND MAINTENANCE TEST POINTS




COMNV, QUTPUT ADJ.

)
o
T e

gl 4
G A

+18Y ADJS,
R&39 COMNV. FET ADJ,

MNOTE: C401, C403, C405, and C30Z are shown with dust cover
in place. To adiysr, first unscrew and remove cover.

a0z R122

-18Y ADJ,
R11}

R124
R120

FET BIAS ADJ. Imv GAIN ADJ,

100uv GAIN ADJ,

Figure 4-9. LOCATION OF INTERNAL ADJUSTMENTS

4-831, I MV GAIN ADJUSTMENT

2, Jet RANGE awitch to 1, NULL switch to TVM,
polarity switch to +, and voltage readout diala to zero.

b, Apply 1 volt +0. 2% between INPUT and COMMON
posts,

¢, Adjust R230 for full scale deflection {+1,0),

4-32. 100 UV GAIN ADJUSTMENT

a. Bet RANGE switch to L, NULL switch to 0. 0001,
polarity switch to +, and voltage readout dials to zero.

b. Short INPUT post to COMMON post.

c. Null meter by adjusting electronic ZERO control.

d. Set voltage readout dial D to 1 and adjust R231 ao
that meter indicates full scale (-1).

&, Remove ghort from between INPUT and COMMON
posts, '

4-33, 100 AND 1000 VOLT NULL SENSITIVITY
CHECK

a. Bet polarity switch to +.
b, Bhort INPUT past to COMMON post,

4-8

¢. Set awitchesz on voltmeter as shown in Figure 4-10,

4. Meter should indicate within 1-1/2 small divistons
{(+3% of null range) of the value shown in Figure 4-10.

&. Remove ghort from between INPUT and COMMON
posts. ‘

4-34. RECORDER OUTPUT CHECK

2. Bet RANGE switch to 100, NULL switch to 10, po-
larity switeh to +, and voltage readout dials to 10. 0000,

b. Short INPUT post to COMMON post.

¢. Measure voltage between RECORDER OUTPUT
posts with the TVM or VTVM mode of a differential
voltmeter.

d. The output voltage should be at lezst 20 mv with
the AMP ADJ control set for maximum output.

€. Remove short irom between INPUT and COMMON
posats. .

4-35, 100 AND 1000 VOLT RANGE CHECK

4. fSHet RANCE switch to 100, NULL awitch to TVM
polarity switch to +, and voltage readout dialg to zero.




[ =

===

VOLTMETER SWITCH SETTINGS
VOLTAGE

METER

RANGE INDICATION

Figure 4-10, 100 AND 1000 VOLT
NULL SENSITIVITY CHECK

b. Apply 100 volts +0. 2% between INPUT and COMMON
posta.

¢. Meter should indicate within 1 small division of
full geale (+1).

d, Set RANGE awitch to 1000, meter should indicate
within 1 small division of 1/10 of full scale {+0, 1),

4-36. POLARITY REVERSAL CHECK

a. Differentially measure the voltage of a standard
cell in the 1 volt range with and without a 100K resistox
connected in series in both the positive and negative
polarity.

b. All four measurements should agree within § uv.

4-37. COMMON MODE CHECK

a. Differentially meagure the voltage of a standard
cell in the 1 volt range and in the + pelarity.

b Apply approximately 500 de volts between COMMON
and ground posts.

¢. After § minutes, note change in standard cell
reading. The change should not be more than 25 uv,

4-38. CONVERTER FET VOLTAGE

a., Measure voltage between circuit coramon 2 and
drain of @501, TP29 and TP31 in Figure 4-8, with a
vivm,

b. Voltage drain of @501 should be +11. 0 £0. § volts.
If calibration is necessary, adjust R508.

4-39, CONVERTER OUTPUT VOLTAGE

a. Measure voltage between circult comimion 2 and
collector of @306, TP2D and TP34, with a vtvm.

b. Voltage at collector of Q506 should be 9.0+0,5/-1,5
volts, If calibration i necessary, adjust R522,

4-40. AC SENSITIVITY CHECK

a. Connect equipment as ghown in Figure 4-6 and
adjust the equipment to provide 1, 10, 100 and 1600
volty ac rms at 10 kHz such that the average value has
an accuracy of 0. 02% as instructed in paragraph 4-45.

8874

b. Set polarity switch to AC and voltage readout dials
to 10, 40000.

c. Complete procedure indicated for each horizontal
line of Figure 4-7.

4-41. CALIBRATION
4-42. DC CALIBRATION

4-43. The following procedures should be periormed
with the instrument and test equipment in the temperature
range of 72° F to 15° F with the relative hurpidity not more
than 70%. DC calibration voltages must be accurate to
#(0.001% + 2 uv). Connect the test eqguipment as shown
in Figure 4-3 and adjust the controls as follows:

a. Turnp on 2ll of the equipment and allow it to warm
up for at least 1/2 hour.

CAUTION!

Make sure 332A POWER switch 1s set to
STANDBY/RESET.

b. Set the STANDARD CELL VOLTAGE switches on
the Model 750A Reference Divider to voltage of standard
cell.

¢. Bet the INPUT VOLTAGE gswitch on the Model 7504
Reference Divider to 1000V,

d. Set the Model 332A cutput voltage dials for ap cutput
of 1000 volts.

e. Jet the Model 845A Null Detector RANGE switch to
100 uv after zeroing the meter with the ZERO conirol,

f. Set the Model 332A POWER switch to ON.

g. Adjust the Model 332A output voltage dials for a
null in each successively more sengitive position of the
845A Null Detector RANGE awitch.

h, Output veltages of 0.1, 0.5, 1, 5, 10, 100, and 1000
volts are available at the output terminals of the Model
750A Reference Divider. During the calibration proce-
dure, pericdically check the Model 8454 for a rmll indi-
cation and adjust the Model 3324 output veltage if nec-
EHEATY.

4-44, The 13 steps in the table of Figure 4-11 are used
to perform the final de calibration. If adjustments are
necesgary in Stepg 1, 3, or 4, the NULL switch should
be returned to the least sensitive positlon and advanced -
to successively more gensitive positions while adjusting
the indicated coptrol for a null indication on the meter.
In all ather steps, the desired meter indication is zero.

4-45. AC CALIBRATION

4-46, The following procedure should be performed

" at a teperature from T2°F to 75° ¥ and a relative

humidity of 70% or less.

a. Connect all test equipment ag shown in Flgure 4-8,

b. Turn on all test equipment and allow it to warmup
for at leagt 1/2 hour.

c. Set 332A Voltage Standard for an cutput of 1 volt,

d. Null galvanometer of 5408 Transfer Standard by
adjusting internal reference supply of 540E,

e. Apply output of AC104 AC Bource at desired fre-
quency to 5408 and null galvanometer by adfusting ac
source voltage.

4-9




MODEL 887A
INPUT CONNECTIONS

MODEL 887A
CONTROL SETTINGS

RANGE | NULL | READOUT

CALIBRATE 10 0.001 | 10.00000
10V Range ‘

FUNCTION TOLERANCE

10V Reference Dividex =100 uv

CHECK 9. 999100 0.001 | 9.920100 10V Reference Divider 100 uv

CALIBRATE 10 uv

1V Range

0.0001 |1, 000000 1V Reference Divider

CALIBRATE 0.01 +1 mv

100V Range

100. 0000 | 100V Reference Divider

CHECK 0.1 1000, 000 1000V Reference +10 mv

1

1000V Range

Divider

CHECK 0.001

Standard Cell

at. Cell
voltage

1 Standard cell +18 uv

CHECK 0. 0001

Standard Cell

8t. Cell
voltage

1 Stapdard cell +10 uv

2 cell
voltage

CHECK 2 0. 001

Standard Cells

2 Btandard cells =30 uy

3 cell
voltage

CHECK 3 110
Standard Cells

0. 001

3 Standard cells +45 uy

CHECK &V 10 0.001 { 5.00000

5V Reference divider +75 uv

CHECK 5V 10
BATT OPR

0.001 | 5. 00000

8V Reference divider =75 uv

CHECK 0.5V 1 0. 0001

0. 50000

0.5V Reference divider +10 uv'

CHECK, 0. 1V i 0. 0001

0. 16000

0. 1 Reference divider 4 uv

Figure 4-11,

f. Apply output of ac source to mput of 887A being
calibrated,

g. Repeat steps d and e for each calibration voltage
and frequency required.

4-47. The 81 steps of Figure 4-12 are used to periorm
the final ac calibration, It should be noted that odd
‘harmonic digtortion will cange a maximum error equal
to the percent harmoni¢ distortion divided by the order
.of the harmanic. ‘'For example, third harmanic distortion
of 0. 03% will cause an error between -0.01% and +0. 01%
.depending on the phase relationship. If excessive har-
-menic distortion is suspected, check the ac source with
‘4 wave analyzer.

KELWN«VARLEY DIVIDER EVALUATION

4-48.

4-49. Kelvin-Varley evaluation requires that connec-
“tions to the Kelvin-Varley divider be made inside the
ingtrument. Also, Kelvin-Varley evaluation takes a
congiderable amount of time to perform. Therefore,
this check should be performed only if the do differential
voltmeter check (paragraph 4-12) indicates there is a

4-10

ipstroment.

DC CALIBRATION ADJUSTMENTE AND TOLERANCES

problem or if the Kelvin-Varlsy has been calibrated
(paragraph 4-50). Proceed ag follows:

a. Disconnect 887A from power line.

b. Set FOWER switch to OFF and NULL switch to
TVM.

N Remove bottom panel, top-back panel, side panels,
and shield protecting polarity switch on left side on
This shield ig held in place by one screw
accessible from the top of the instrument.

d. With the aid of Figure 4-14, locate high input
(white wire from TP13 on Kelvin-Varley board to po-
larity switeh), high output (wiper terminal of R366
whe're brown and yellow wire are connected), and input-
output common (TEFL an Kelvin-Varley board) of Kelvin-
Varley divider.

CAUTION!

Make sure 332A POWER switch 1s set to
STANDBY/RESET.

e. Unsolder high input wire (white) from polarity
switch and connect lead A of Figure 4-13 to high input,
lzad B to high cutput, #nd lead C to ipput-cutput comtnon.

<




FUNCTION

MODEL 8874

. CONTROL SETTINGS

RANGE

- NULL | READOUT

'MODEL 8874 |
INPUT VOLTAGE|

. TOLERANCE

CALIBRATE
1V 400 Hz

1

{0.002 | 1.000000

V400 HZ .

1]

'

0.to 1:"Major Divisions .
(+0. 01) of pull

CALIBRATE
1V 20 kHz

0.001 | L 000000

IV‘ﬁO KHz '

+ 1 major division

(£0, 01%). of null

CHECK
1V 400 Hz

0.001 | 1.000000

v 400 Hz

If within 0 to 1 major |

“{divisions go on to step

4. K not, go backto -

{step 1.

CHECK
1V 5 kHz

|0.001 | 1. 000000

1V 5 kHz

£ 1 major divigion
(+0.01%) of null

CHECK
1V 10 kHz

{0.001 | 1000000

1V 10 kHz

+ 1.5 majof di.vision‘s" .
(+0, 015%) of nuit

CHECK
1V 50 kHz

0.01 | 1.000000

1V 50 kHz .

+3 major divisions ...}

(+0. 3%) of null

CHECK
1V 100 kHz

0.01 | 1.000000

1V 100 kHz

=5'rﬁaﬂor divigions -
(0. 5%) of null

CHECK
1V 20 H=

0.001 | 1,000000

1V 20 Hz

+8 major divisions
(£0. 03%) of null

CHECK
0.1V 400 Hz

0.001. | 0. 100000

0.1V 400 Hz

+5 major divigiona
(+0. 05%) of null

CHECK |
0.1V 10 kHz

0.001 | 0.100000

0.1V 10 kHz

1{+0.5 major divisions

(0. 05%) of null

|cuECK

1 mv 10 kHz

0.001 | 0.001000

0.001V 10 kHz

| £1 small divigion

(x2%) of null

CALIBRATE
10V 400 Hz

0.01 | 10.0000¢

- 10V 400 Hz

0 to 1 major division
(+0,01%) of null

CALIBRATE
10V 20 kHz

0,01 | 10,00000

10V 20 kHz

+1 major division
(0. 01%) of null

CHECK

10V 400 Hz

0.01 | 10.00000

10V. 400 Hz

If within 0-to 1 major
divigion, g0 onto step
15, I not go back to
step 12, '

CHECK
10V 5 kHz

10. 00000

10V 5 kHz

=1. 5 major divigions

T (0. 015%) of null,

CHECK
10V 10 kHz

10: 00000

10V 10 kHz

=2 major divigions,
(+0.02%) of null

CHECK
10V 50 kH=

. 10, 00000

10V 50 kHz

+3 major divisions
(%0, 3%) of null

CHECK
10V 100 kHz

10. 00000

10V 100 kHz

=7 major divigions
(0. 1%) of null -

Figure 4-12, AC CALIBRATION ADJUSTMENTS AND TOLERANCES (Sheet 1 of 2)




MODEL 887A

FUNCTICON CONTROL SETTINGS

INPUT VOLTAGE

RANGE| NULL | READOUT

MODEL 887A
TOLERANCE

CALIBRATE 100 |o.t | 100.0000
100V 400 Hz

100V 400 Hz 0 to 1 major divizion

(+0. 01%) of null

CALIBRATE 100 0.1 100. 0000
100V 20 kH=z -

100V 20 kHz 1 major division

(0. 01%) of null

CHECK 100 100. 0000
100V 400 Hz

If withinOto 1

major division, go on
to step 22. If not,

go back to step 19,

100V 400 Hz

CHECK 100
100V 5 kHz

100V 5 kilz +1. 5 major divisions

(0. 015%) of null

CHECK 100
100V 10 kHz

100V 10 kHz 22 major divisions

(0. 02%) of null

CHECK 100
100V 50 kHz

100V 50 kHez +4 major divisions

(0. 4%) of null

CHECK 100
100V 100 kHz

100V 100 kH= +7 major divigions

(0. '7%) of null

CALIERATE 1000

500V 400 kHz

0 to 1/2 major divi-
giona (+0.01%) of null

500V 400 kHz

CALIBRATE
500V 10 kH=z

1600

+1/2 major division
(0. 01%) of null

500V 10 kHz

1000

CHECK
500V 400 Hz

If within 0 to 1/2
major division go on
to step 29. If not, go
back to step 26,

500V 400 kHz

CHECK 1000 | 1.0 500. 000

500V 5 kHz

+1/2 of major division
(0. 01%) of null

500V 5 kHz

CHECK
500V 20 kHz

1000 | 1.0 500. 000

500V 20 kHz 3 major divisions

(0. 08%) of null

CHECK
1000V 400 Hz

1000 | 1,0 | 1000.000

1000V 400 Hz +3 major divisions

(0. 03%) of mull

Figure 4-12, AC CALIBRATION ADJUSTMENTS AND TOLERANCES (Sheet 2 of 2)

f. Turn all equipment on and allow it to warmup to
equilibrium temperature (about 1/2 hour).
g. Set voltage diala on 332A Voltage Standard for an
output of 33. 0 volts de,
h. Set 8BTA voltage readout dials to 000000 and 720A
Eelvin-varley Divider diala to 0000000,
i. Set 845A Null Detector to 100 MICROVOLTS.
j- Set function switeh to VOLTAGE OFF on T21A Lead
Compensator,
k. Zero 845A Null Detector.
L. Set function switch to R; "R, on 721A Lead Com-
pensator.
m. Adjust LOW BALANCE controls on T21A for a null
on B45A. It may be necesgary to temporarily reduce
sensitivity of 8454 to find null point on LOW BALANCE

4-12

controls,

n. Set 887A voltage dials to 10995100 and 720A Kelvin-
Varley dials to 109999910,

0. Set function switch fo VOLTAGE OFF on T21A Lead
Compensator.

p. Zero 845A Null Detector.

t. Set function gwitch to Rg 2> Ry on T21A Lead Com-
pensator.

r. Adjust HIGH BALANCE controls on 721A for a mil
on 845A, It may be necessary to temporarily reduce
sensitivity of 845A to find null paint on HIGH BALANCE
controls,

8. Set 845A Null Detector to 300 MICROVOLTS and
change to 100 MICROVOLTS and 30 MICROVOLTS as
required.




t. Set 887A voltage readout dials and T20A Kelvin-
Varley Divider dials to firat positions shown in Figure
4-15,

u. Set function switch to VOLTAGE OFF on 7214 Lead
Compensator.

v. Zero 845A Null Detector,

w. Bet function switch to By 7 R, on T21A Lead Com-
pensator. The 845A Null Detector indication should be
equal to or less than the listed deviation.

x. Repeat steps u through w for remaining switch
positions shown in Fipure 4-15, If Kelvin-Varley divider
iz out of tolerance between settings of 1000000 and
0999100, readjust as set forth in paragraph 4-49. Ifa
resistor-trimmer combination of the first deck ¢an not
be adjusted for a null during calibration, a resistor is
defective and must be replaced, I Kelvin-Varley divider
is out of tolerance for remaining settings, make sure
padding trimmers are adjusted correctly (paragraph
4-49) before attempting to replace 2 registor.

¥. Reszolder high input wire to polarity switch.

4-50. XELVIN-VARLEY DIVIDER CALIBRATION
4-51. The Kelvin-Varley divider should be calibrated
only after a resistor has been replaced or after the
Kelvin-V¥arley divider evaluation (paragraph 4-47) in-
dicates that the Kelvin-Varley divider is owt of tolerance.
In this procedure circuit test points are identified by
number. This number appears on the circuit board
adiacent to the test point. Proceed as followa:

4. Digconnect 887A from power line.

b. Se¢t POWER switeh to OFF and NULL switch to
TVM.

¢. Remove bottom and side covers of instrument.

d. Open jumpers marked witha U, V, W, X, ¥, and
Z {see Figure 4-14) by unsoldering one end and pulling
it loose. Also unsolder high input of Kelvin-Varley
divider (white wire from ¥elvin-Varley board to polarity
awitch).

e. Connect equipment as shown in Figure 4-13.

f. Tutn on all equipment and allow it fo warmup to
equilibrium temperature (about 1/2 hout).

CAUTION!

Do not allow power supply voltage to exceed
40 volts as damage to the Kelvin-Varley
resistors may result.

g. Adjust 332A Voltage Calibrator for an output of 4
volts de,

h. Connect lead A and C of Figure 4-13 to TP14 and
TP16 of Kelvin-Varley board respectively.

i. Eliminate errors due {o resistance of leads and
connections as follows; .

(1) Set 845A Null Detector to 30 MICROVOLTS.

{2) Bet 720A Kelvin-Varley Divider dials to 0000000.

{3) Connect point B of Figure 4-13 o test point that
point C is connected to,

{4} Set function switch to VOLTAGE OFF on 7214
Lead Compenaator.

(5) Adjust ZERO control to null meter on 845A Null
Detector. ‘

(6) Set function switch to Rg >R, on 7T21A Lead
Compensator.

(1) Adjusi LOW BALANCE controls on 721A Lead
Compensator for a null on 845A. It may be necessary
to temporarily reduce sensitivity of 845A to find null
point on LOW BALANCE controls,

FLUKE MODEL 332A
VOLTAGE STANDARD

FLUKE 720A
KELVIN=VARLEY
VOLTAGE DIVIDER

L

(11

iﬁii%l
L

Figure 4-13. EQUIPMENT CONNECTIONS FOR EVALUATING AND CALIBRATING .
THE INTERNAL KELVIN-VARLEY DIVIDER




JUMPERS

TOTM3

Figure 4-14. KELVIN-VARLEY CONNECTIONS
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Maximutn
Deviation
for an Input of
33.0 vde
(¢ microvolts)

BBTA
Voltage Dial
Settings

Standard
Divider
Settings

Maximum
Deviation
for an Input of
33,0 vde
{+ microvolts)

887A
Voltage Dial
Settings

Standard
Divider
Hettinga

‘10000000 | 360
~ Thoooooo 360
TE000000 L 324
3000000 Y- T
8000000 288
8000000 288
“T0000000 Cf v EBR .
- 7000000 . 252
. 6000000 | . 216
Tg000000 T 216
5000000 180
5000000 1380
4000000 - 14g .
14000000 [ .. 144
3000000 [ - - 108 . .
3000000 08
2000000 72
2000000 72
1000000 36
1000000 38
‘0800000 |- 36
0900000 B
0800000 36
0800000 36
© 0700000 [ v 3e
0700000 | 36
0600000 [ 36
0600000 S 36
0£00000 26
0500000 36
0400000 ' 36
0400000 26
0800000 |. . 36
£ 0300000 738
0200000 36
0200000 36
L Q100000 Uy T T3e T
ao0000 | - 36
0090000 6
0090000 | 3T
0080000 36
0080000 36

1000000
o Tageeilo .
S 900000

8999700

800000

7999100
00000

1999100
100000 -
0999100
090000
0899100
080000
0799100
© 070000
oov 06991000
. 060000
0599100
050000
0499700
040000
0399100
030000
0299700 1 |
020000
0199100
010000 7

© 0099100

- D0SOG0
0089100
008000
0079100

0070000 . { .38
0070000 38
- 0080000 38
Q060000 | TBE T
0050000 36
0050000 36
0040000 ~*. .7 86 v
0039100 0040000 - | .. 38 . i
C 003000 00300000 [ - 36
“po2ei00 | oosoboe e T T
002000 0020000 36
0019100 0020000 36
7001000 0010000 ¢ f ¢ 88
. - 0009100 0010000 |36
.. 000900 0009000 © .- |:. . 38
0008100 0009000 T T 38
000800 0008000
0007100 0008000
000700 | 0007000
. 0006100 0007000 0 .|
000600 0006000 - :
0005100 0006000 |7
000500 0005000
0004300 0005000
© 000400 .| TTTIO004000 LT T BE T
0003100 | . 0004000 [
000380 -« | ' 0003000 - 4 - -
- 0pa2i00 0003000 T
000200 0002000
0001100 0002000
LQooLgo oo 00010000 |
.+ 0D00TR0 - 0001000- - .
000080 . 0000900 - 36 -
000080 | © 0000800 T[T g
000070 0000700
000060 0000600
QU050 [ TU0000500: [ o BE e
000040 0000400, - | -
000030 - |- 0000800 - -l
000080 | T'dooo200 T [T
000010 0000100
000000 H000000

007000
. 0069700
006000
© 0059100

G03000
0049160
004000 Y

Figure 4-15, EKELVIN-VARLEY DIVIDER ERROR LIMITS

{8) Set 721A Kelvin-Varley Divider dials to 108000000,
(9) Connect point B of Figure 4-13 to test point that
point A is connected to.

(10) Repeat steps (4), (B), and (8).

(11} Adjust HIGH BALANCE contyols on 7214 for a
nall on 845A. It may be necessary to temporarily reduce
sensitivity of 845A to find null point on HIGH BALANCE
cantrols.

j- Set voltage dial E to 50.

k. Connect point B of Figure 4-13 to TP15.

1. Bet 720A Kelvin-Varley Divider to 5000000,

m. Eliminate error due to thermal voltages as follows:

(1) Set funciion switch to VOLTAGE OFF on 721A
Lead Compensator,
(2} Set 845A Null Detector to 30 MICROVOLTS and
adjust ZERO control to null meter.
(3) Set function switch to Rg > R, on 721A Lead
Compengator.
n, Set 845A Null Detector to 1 MILLIVOLT.
0, Adjust R364 {at point P) to within +200 microvolta
of nuil.
p. Reconnect points A and C to TP17 and TP18 re-
spectively.
q. BSolder down jumpers Z and Y.
4-15




r. Repeat step i.
5. Connect point B to TP19.
{. Repeat steps m and n.
u. Adjust R351 (at point N} to within +50 microvolts
of null,
vy, Reconnect points A and C to TP20 and TP 21 re-
spectively.
Solder down jumper X and W,
Repeat step i.
Connect point B to TP22,
Repeat steps m and n,
Adjust R338 (at point M) to within £20 microvolts
of null.
ab, Adjust 332A Voltage Calibrator for an output of 18
volts dc.
ac. Recopnect points A and C to TP23 and TP24 re-
speciively.
ad. Solder down jumper V.
ae. Repeat step i.
af. Connect point I3 to TP25.
ag. Set 720A Kelvin-Varley Divider dials to 6666667,
ah. Make adjustments as given in each horizontal line
of Figure 4-16.
ai. Solder down jumper U and high input wire of Kelvin-
Varley divider.
aj. Recoat Kelvin-Varley board with Epocast 8267.
ak. Check accuracy of Kelvin-Varley divider using
procedure of paragraph 4-47,

453, STABILITY EVALUATION

4-54, The stability evaluation is a three-step procedure
intended {0 measure the instruments stability with re-
spect to time. The evaluation technique is to measure
certain performance characteristics at three different
times while observing test results for out-of -tolerance
indications. To evaluate the d¢ gtability, proceed as
follows:

a, Turn the instrument off for al leasl two hours then
turn it on and allow it to warm up for 15 minutes.

(1) Inthe 1 volt range, short the input, and switch
to the 100 uv null sensitivity, If the meter indicates
within +3 uv of null it is in calibration. Readjust the
ZERQ control for null.

(2) Measure a standard cell in the 1 volt range., The
reading must be within 10 uv of the standard cell voltage,

b. The second and third readings of 1 and 2 above
should be made within 48 to 96 hours. The instrument
ghould be left on, AB models in the LINE OFPR mode,

¢. The three readings of step a (1) should all be within
+3 uv of zero. If the readings were preater than £3 uv,
check the Null Detector input for thermals and voltaics.

d. The largest difference between any two of the three
standard cell readings in step a (2) must be less than
12 uv. If the difference ig greater than 6 uv but less
than 12 uv, set the Kelvin-Varley readouts to the average
of the two outside readings. Apply the standard cell
voltage to the input and adjust R120 for a null. If the
difference is greater than 12 uv, it is likely that the
reference supply or the reference zener is unstable,

4-53. The ac stability check should be made with the
equipment shown in Figure 4-6. The procedure is the
same as tor the de stubility evaluation, That 15, meas-
ure the performance at three different limes, comparing
the results for cxcessive drift.

a. Check 1v, 5 kHz, it should read within +2 major
divisions (. 02%).

b. Check 10 v, 6 kHz, it should read within +2 major
divisions (+. 02%).

¢, Check 100 v, 5 kHz, it should read within +2 major
divigiong (s 027).

d, Check 500 v, b kHz, it should read within +1 major
divigion. (z.02%)

Set 845A Null
Detector to
100 microvolts

Sel vVoltage|8horl Test
Dial A To Pointy

Adjust Control {o Remove
Within +1b microvolts| Short from
of Null at Point Between

Eliminate Thermal
Voltage Errors as
in slep m

2and 3
Iand 2
4and b
Jand 4
§and 7
5 and 6
8 and 9
7 and 8
10 and 11
9 and 10
12 and 13
11 and 12

2to 3 R301
2

1to R304
4tn & ‘ R30T
Jtod R300
Gto7 R311
btod , ‘ . R313
Gto 9 , ~ R31H
Tto 8 R317
10 to 11 o o RN
8to 10 k321
12 to 13 R323
11to 12 R325

LR <l s o ol o BT ST L o B e
PAR="EHag"EOOH >

[y

Figure 4-16. KELVIN-VARLEY "A" DECK ADJUSTMENT




¢c ebh bce beoce b e e bce bee d
s Qs0F QS0e QS04 Cia03 Qs02 Q50

sl

Q@Ids QIeF G0l Q105 Q103A
ebc ehec che c¢he che REFEREMNCE BOARD ASSEMBLY

b

1
1

o '-f(l
e LD 1L
@102 Q104 21038

Q204 G203

ol

Q202 Q201

Figure 4-17. LOCATION OF TRANSISTOR TERMINALZ




FROCEDURE STER
AND
FUNCTION TESTED

TOLERANCES

MEASURED VALUES

SECOND| THIRD |FOURTH
CHECK | CHECK | CHECK

FIFTH
CHECK

DATE

4-10. DC CHECKS

4-11, NULL DET CHECK

4-11f. Rng 10 Null 1

-0.97to -1,03

4-11f. Rng 1 Null 0.1

-0 97 to ~1.03

4-11f. Rng 1 Null 0,01

-0,87to -1,03

4-11f{. Rng 1 Null 0. 001

-0.87to -1.08

4-111. Rng 100 Null 0. 1

-0.97 to -1,03 -

4-11f, Rng 100 Null 0. 01

-0.97to -1.03

4-12. DC DIFF, VM, CHE,

4-12i. 1 Volt Range

. 999969 to 1. 000031

4-121. 10 Volt Hange

9.99973 to 10, 00027

4-12m. Polarity Reversal

5 uy

4-12q. 100 Volt Range

99.9974 to 100, 0026

4-12t, 1000 Volt Range

999. 974 to 1000, 026

4-12w, One Standard Cell

+32 uv

4.12%, Two Standard Cells

+66 uy

4-12y. Three Standard Cells

+92 uv

4-12ab. K-V Check

1.11107 to 1,11115

4-12ab. K-V Check

2.22215 to 2. 22220

4-1Zabh, K-V Check

3.33323 to 3.33343

4-12ab, K-V Check

4.44431 to 4.44457

4-12ab. K-V Check

5§, 55540 to 5, 55570

4-12abh. K-V Check

6, 66648 to 6., 66684

4-12ah. K-V Check

7.71756 to 7,71798

4-12ab, K-V Check

§.68864t0 8§, 88812

4-12ab, K-V Check

9. 99972 10 10, 00027

4-13. AC CHECK

4-13¢, 1 vac, 10 kHz

. 999250 to 1, 000750

4-13¢. 10 vag, 10 kHz

9. 99250 to 10. 00750

4-13¢. 100 vae, 10 kHz

99, 9250 to 100. 0750

4-13c. 1000 vac, 10 kfiz

999. 000 to 1001. 000

This table is intended to provide a permanent record of the instruments performance. The

procedure for evaluation performance is described in paragraph 4-9. The suggested cyclic

period of evaluation is six months, although shorter intervals are frequently more desirable.

Figure 4-18. PERFORMANCE EVALUATION RECORD
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SECTION V

LIST OF REPLACEABLE PARTS

5-1. INTRODUCTION

§-2, This gection containg complete deseriptions of
thoge parts one might normally expect to replace during
the life of the instrument., The first listing is a break-
down of all of the major assemblies in the instrument.
Subsequent listings itemize the components in each as-
sembly. Every listing is accompanied by an ilustration
identifving each comaponent in the lsting. Assemblies
and subassemblies are identified in both the list and the
illugtration with a reference designation beginning with
the letter A, (6. 2. ,A1, A100, A201, etc.). Components
are identified by the schematic diagram reference des-
fgnation {e.g. K1, C107, DS81). Parts not appearing on
the schematic diagram are identified by a number of the
same series as the other parts of the assembly (e. g, 8,
103, 209).

- 5-3. COLUMNAR INFORMATION

a. The REF DESIG column indexes the item descrip-
tion to the associated illugtration., In general the ref-
erence designations are listed in'alpha-numeric order.
Bubassemblies of miner proportions are sometimes
listed with the assembly of which they are a part. In

this case, the reference designations for the components -

of the gsubaasembly may appear cut of order.

b, The DESCRIPTION column describes the salient
characteristics of the component, Indention of the item
deseription indicates the relationship to other assem-
blies, components, etc. See Abbreviations and Symbols,
paragraph 5-7, next page.

¢. The ten-digit part number by which the ltem is
identified at the John Fluke Mfg. Co. is listed in the
FLURE PART NO column. Use this number when ox-

dering parts from the factory or authorized representa-

tives.

d. The Federal Supply Code for the item manufacturer
iz listed in the MFR column. An abbreviated list of
Federal Supply Codes is included in the Appendix.

e. The part number which uniquely identifies the item
to the original manufacturer is listed in the MFR PART
NO column. H a component must be nrdﬂr&d by descrip-
tion, the type number is listed,

f. The TOT QTY column lists the total quantity of the
item used in the instrument, Second and subsequent
listing of the same item are referenced to the first ligt-
ing with the abbreviation REF. In the case of optional

subassemblies, plug ing, ¢te, that are not always part
of the instrument, the TOT QTY ¢olumn lLists the total
quantity of the item in that particular assembily..

g. Entries in the REC QTY column indicate the rec-
ommended number of spare parts necessary to support
one to five instruments for a peried of two years. This
list presumes an availability of common electronie paris
at the maintenance gite, For maintenance for one year
or more at an isolated site, it is recommended that at
least one of every part in the instrument be stocked,

h. The USE CODE column identifies certain parts
which have been added, deleted or modified during the
production of the inatrument. Each part for which a
Use Code has been assigned may be identified with a
particular ingtrument serial number by consulting the
Serial Number Effectivity List at the end of the parts
list. As Use Codes are added to the list, the TOT QTY
column listings are changed to reflect the most current
information, Sometimes when a part is changed, the
new part can and should be uzed as a replacement for
the original part. In this event a parenthetical note is
added in the DESCRIPTION columu,

5-4, HOW TO OBYAIN PARTS

5-5. Standard components have been used wherever
possible. Thus, most parts can be obtained locally.
However, paxts may be ordered divectly from the man-
ufacturer's part number. Or they may be ordered from
the John Fluke Mifg. Co factory or authorized repre-
sentative. In the event the part you order has been re-
placed by a new or improved part, the replacement will
be accompanied by an explanatory note and ingtallation
instructions, if necessary,

5.6, You can ingure prompt and efficient handling of
your order to the John Fluke Mig, Co, if you include the
following information:

4. Instrument model and serial number.
b. Component description,

¢, Component reference designation,

d, ' John Fluke Miz, Co. part number.

Xi you must order structural parts not listed in the parts
list, describe the part as completely as possible. A
sketeh of the part showing its location to other parts of
the instrument 18 usually most helpfual.

8-1
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5-7. ABBREVIATIONS AND 5YMBOLS

ABEREVIATIONS

ac alternating current : . mw milliwatt
Al aluminum na nanoampere
assy assembly jurd picofarad
cap tapacitor piv peak inverse voliage
car flm carbon film . . plste ' plastic
cer ceramic PP peak-to-peak
comp composition ppm parts per million
conn connector rect rectifier
cps ¢ycles per second res resiztor
db decibel rms root-mean-square
de diract current sh slow-blow
dpdt double pole double throw Bi gilicon
dpst double pole single throw 8/N serial number
elect electrolytic ‘ sW switch
fxd . tixed R spdt ' gingle pole double throw
Ge : germanium "~ spst single pole zingle throw
gmyv ‘ guaranteed minimum value Ta tantalum
H= , hertz (cycles per second) tc temperature coefficient
K kilohm ‘ tstr transistor ‘
ko or Ko kilocyele Sha microampete
kHz or KHz kilohertz (kilocycles per sec) uf microfarad
kv kilgvolt wo microvolt
kva kilovolt-ampere va " volt ampere
s ' milliampere . aliernating current volis
Me or MC megacycle ‘ variable
MHz . megahertz (megacycles per sec) direct current volts
" meg or M megohm : ‘ watt ‘
met flm metal film ‘ . direct current working volts
mig manufacturer wirewound
mv millivolt

1

1

PREFIX SYMBOLS ‘ ‘ -+ QUANTITY SYMBOLS -

tera L
giga ‘ ‘ a or amp atmpere
mega o i farad
kito ‘ ‘ ‘ h henry
hecto : hr . ‘ - hour
deka - Y ohm
deci ‘ sec second
centi : el ‘ vorV : volt
milli : worW . watt
micro -
nano
pico
femto
anto

2

=]
L]
=

PTG EREE 0 RLTRE QM

SPECIAL NOTES AND SYMBOLS

! Approximate use code, or serial number, Use 0000-000000 Parthumber indicated
S ‘ ghould be used if re-
placement is required,
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DESCRIPTION

MFR
PART NO

FINAL ASSEMBLY -Figure 5-1
Line powered model
Battery/Line powered model
Chagsis Assembly (see Figure 5-2)
Front Panel Assembly (see Figure 5-3)

Reference Supply Assembly
(see Figure 5-4)

Null Detector Assembly
{see Figure 5-5)

Kelvin-Vaxley Asgembly
(see Figure 5-6)

Attenuator Assembly {see Figure 5=T)

Converter Assembly (see Figure 5-8)

1702-195453
{837A-401)

1702-163212
(8814.-402)

3158-180844
(8854 -403)

3158-195461
(887A-402)

1702-166053
(883A-401)

1702195453
1702-163212
3158180844
3158-195461

1702-166058

Figure 5-1.

FINAL ASSEMBLY




DESCRIPTION

CHASSIS ASSEMBLY-Figure 5-2

Battery, nickel-cadmium, §.6V
Battery, nickel-cadmium, 1.2V
Battery, nickel-cadmium, 9.6V
Cap, plate, 0,47 uf £20%, 1000V

Cap, cer, 0.1 uf -10/+80%, 500V
‘ {not illustrated)

Diode, type 1N4317 (Model 887AB only)

Fuse, 1/16 amp, slow blowing
(For 115 volt aperation)
(not illustrated)

Fuse, 1/32 amp, slow blowing
(For 230 volt operation)
(not illustrated)

Binding post, red

Plug, 3 prong

Res, met flim, 4,5M £1%, 1W

Res, met flm, 200K 1%, 1W

Res, met flm, 90K £1%, 1/2W

Res, met flm, 9K x1%, 1/2W

Res, met flm, 1K +1%, 1/2W

Res, var, comp, 10K £20%, 1/2W

Res, comp, 62K 5%, 1/2W
(Model 887AB only)

Res, comp, 10M +10%, 1/2W

Res, comp, 1300 +5%, 1W
(Model 887AE only)

Res, comp, 10§ 5%, 1w
(Model 887AE only)

Res, co.mp,'ISDﬂ 6%, 1W
(Model 887AB only)

Switch, rotary, 2 pol, 2 pos, 1 section
(Model 887A only) (not illustrated)
Switeh, rotary,-8 pol, 5 pos, 4 gection

(Model 88TAB only)

Switch, rotary, 8 pol, 4 pos, 5 section

4002-160408
4002-160350
4002-160403
1507-161612

1501-105684
4802-116111
5101-163030

5101-163022

2811-142976
2109-160275
4705-159418
4705-159509
4705-159509
4705-159434

4705-151324

4701-162800

4704-108522

4704-108142
4704-168055

4704-166208
4704-163055

5105-162603

5105-163360

5105-162718

IN431Y

Serieg 37

EB6G235

9. 6V/500BH -
1. 28C

9. 6V/500BH
210B1G474

41092

Type MDL

Type MDI,

D¥31RC
MrIESQ;GS
Type CM-1
Type MFBC-TO

Type MF7C-TO

Type MF7C-T(|

Type METC-TO

EB1061
GB1315

GB1005
GB1315

5105-162683
5105-163360

5105-162718

4
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DESCRIFTION

FLUKE
PART NO

MER

MFR
PART NOQ

Switch, rofary, T pol, 5 pos, B section

Bwiteh, rotary, 8 pol, 3 pos, 4 section
(not illuatrated)

Transiormer, power
Cover, bottom (nat illustrated)
Cover, side, front
Cover, side, rear
Cover, top

Fuse holder

Handle

Rubber foot (not illustrated)
Tilt stand

Line Cord

5105-16266%

53105-162701

5602-162818
3156-162198
3158-162164
3158-162172
3156-162180
2102-160846
2404-101857
2819-103309
3153-163386

6005-161638

89536

89536

89536
59536
89536
89636
895386
75915
12136
83418
239536

80536

5105-162669
5105-162701

5602-162818
3156-162198
3158-162164
3158-162172
3156-162180
$4-2004

919-415-173
9102-W

3153-163386

6005-161638

Figure 5-2. CHASSIS ASSEMBLY




MFR

DESCRIPTION PART NO

FRONT PANEL ASSEMBLY-Figure 5-3
Cap, plste, 0.01 uf £20%, 1000V 1507-159996 [84411 |663UW103010W
Cap, elect, 640 uf -10/+50%, 6.4V 15G2-178608 (73445 (C43TARCGE40
Binding post, red 2811-142976 |58474 [DF3IIRC
Binding post, black 2811-142984 |58474 [DF3I1RC
Meter, 100-0-100 ua

887A (not illustrated) 2901-210236 [89536 |2901-201236
837AB 2901-201244 189536 |2901-201244
Res, comp, 2700 +10%, 1/8W 4704-108241 {01121 [EB2711
Knob, NULL and RANGE 2405-158956 (89536 |2405-158956
Knob, POWER 3156-162196 189536 {3156-162196
Knob, voltage 2405-158949 [39536 2405-158049
Null-Bange shutter 3156-162263 (89536 [3156-162263
Nylon bushing 2602-160499 |96881 [AL2-FF
Panel, iront
887A (pot illustrated) 1406-195396 (89536 1406-195396 1
887AB 1406-195511 89536 [1406-195511 1

Shorting link 2811-101220 24655 [Type 938L 1

C4 and R15 provide meter damping, On some instruments, a different meter ig used
not requiring external damping. The above listing is the preferred replacement,

c4 Ml

WA

FTT '
AL LR

BEHGE

T N

If/”.

HUDEL BT AR
[FHM PLUKE MPFGE CO.. (WG, AL/ RINFERAEKNTIAL YOLTMETIR

12
{6 places) (7 places)

Fipure 5-3. FRONT PANEL ASSEMBLY




&

*

DESCRIFTION

FLUKE
PART NO

MFR
PART NO

REFERENCE SUPPLY ASSEMBLY-Figure .5-4.

Input-Divider Bet
Res, WW, 48, 488K
Res, WW, 6. 111K

Input-Resistor Set
Res, WW, 3, 3M

Res, WW, 100. 05K
Zener-Resistor Set

Diode , Zener

Res, WW, 8K

Res, WW, 16,5 - 20. 4K

Res, WW, 675-8300

Res, WW, 6-10K
Cap, elect, 500 uf -10/+50%, 15V
Cap, elect, 150 uf -10/+50%, 50V
Cap, mylar, 0.0220 £10%, 75V
Cap, myiar, 0. 220 =10%, 75V

Cap, Ta elect, 2,2 uf £10%, 20V

Cap, mylar, 0.228 z10%, 75V

Diode, type 1N4317

Diode, zener, type 1N861A

Tstr, Coﬁtinental Devices,
tyne CDQI10656

Tsatr, type 2N1308

Tgtr, matched pair

Tatr, Motorola, type SM4144
Tatr, type 2N404

Tstr, type 2N1307

1702185453
{887A-401)

1702-180901

A%

A4710-19548%7

Vv

-J
)
fury
-J
o
s
)
L2

ANAAY

1502-160101
1502-160119
1507-159400
1507-159392
1508-160226

1507-159592
4802-116111

4803-113324

'| 4805-193870

4805-14861%

4805-182246
4805-190389
4805-163188
4805-148643

93790
93790
56289
56289
05397

56289
05227

07910

07910

012095
89536
(04713
01295
01205

1702-195453

1702-180901

4710-155487

4807-176123

ER 500-15
BR 150-50
192P2239R8
192D2249R8

KZR2C20K

192P2249R8
1N4317

1N961A
CDQ10656

2N1303
4805-182246
SM4144
2N404

|2n1307




DESCRIPTION

FLUKE
PART NO

MER
PART NO

Tstrx,

Res,
Res,
Res,
Res,

Res,

Res,
Res,
Res,
Res,
Res,
Res,
Res,
Res,
Res,
Res,

Res,

Res,

Res,

type 2N1304

var, WW, 10K +10%, 2W
comp, 338t +5%, 1W

comp, 3308 5%, IW

comp, 1. 8M %10%, 1/ZW
var, WW, 5000 +20%, 1 1/4W
met flm, 23. 2K £1%, 1/2W
met flm, 8. 06K +1%, 1/2W
met fim, 10K +1%, 1/7W
met flm, 23. 2K £1%, 1/2W
comp, 5.6K £10%, 1/2W
comp, 100 £10%, 1/2W

var, WW, 100 +10%, 1 1/4W
var, WW, 250 +10%, 1 1/4W
var, WW, 1K £20%, 1 1/4W
comp, 2.TK 5%, 1/2W

var, WW, IK +20%, 1 1/4W
comp, 2.TK £5%, 1/2W

comp, 4.T¥ £10%, 1/2W

comp, 1K =10%, 1/2W

comp, 820 £5%, 1/2W

Polyethelene grommet

Polyethelene grommet

4805-117127

4702-163147
47104-163063
4704-163304
4704-108720
4702-112433
4705-159459
4705-159467
4705-151274
4705-150459
4704-108324
4704-108092
4702-112672
4702-161703
4102-111575
4704-109074
4702-111575
4704-109074

4'704-108381

4704-108503

4704-108746
2807-171876

2807-171384

2N1304

Type 118
GB3305
GB3315
EB1851

Type 110
Type CEC-TO
Type CEC-TO
Type CEC-TO
Type CEC-TO
EB5621
EB100Q1

Type 110
Type 110
Type 110
EB2725

Type 110
EB2725

EB4721

EBLO21

EBB8205
2807-171B76
2807-171884

This resistor is factory selected for each instrument.

When ordering, include all

information on old resistor and/or information on the Reference Supply Board decal,

Factory aelected,

If replacement is required, replace with a new Zener-Reslstor Set,




Figure 5-4. REFERENCE SUPPLY ASSEMBLY




DESCRIPTION

FLUKE
PART NO

MFR
PART NO

NULL DETECTOR ASSEMBLY-Figure 5-5 ‘
‘ © 0 [(881A-402)

 l1507-162766

Ca.p, plste, 0. 22 110%, 'zsv ‘
(specially treated) :

Cap, plste, 0.047 uf =20%, 100V

Cap, Al elect, 100 uf -10/+75%, 25V

Cap, Al elect, 40 uf -10/475%, 6V
Cap, Al elect, §uf -10/475%, 25V

Cap, Al elect, 100 uf -10/+75%, 25V

Cap, cer, 0.01 uf -20/+80%, 500V
,caﬁ, Al elect, 200 uf -10/+75%, 6V
. Cap, plste, 0.0047 uf £20%, 200V
Cap, Al eleet, 20 uf -10/+75%, 50V
Cap, cer, 0.01 uf -20/+80%, 500V
c@;mEmdjmou-mﬁﬁ%ﬂw
Cap,ﬂ cer, 0.01 uf -20/+80%, 500V
Cap, Al-elect, 5 uf -10/+75%, 25V
Cap, Al élect; 20 uf -10/+75%, 50V
~ Cap, Al elect, 500 uf -10/+75%, 3V
Cap, Ta elect, 2,2 uf £10%, ZCJV

Diode, ' Contmental Devices,
type CD13161

Lamp, neon, type NE2E
(speclally treated)

~Ghopper mechanical »SPDT e
(specially treated) '

"Tstr neld effect P charmel

Tstr Continental Dew.c:ea .
type CDQLOG56

Tstr, type 2N1372

Res, comp, 220K +10%, 2W

1702-163212

Lt

*11507-106096

1602-106518

1502 105205

1502 152009 .

51502-106518“

’1501u105635x

1502-105189 -

1507-106054 |

1502-106229

1501-105668

"11502-106328

|1501-105668

1502152009

11502-106229

|1502-106828 |

1.508 160226

”uf4302*113303

3002-162176.

5901162754

4805-159210

4805- 193370 |.

4805-116129

4704-110197

I

1702-163212

1507-162766

663UW47301
J0D107GO25IH4
30D406GO06BE4

30D305GG25BA4

30D10TGO25DHY, | RE

29(::935 hee

30D207‘G006DF4‘ DR

66'3dw47 202

g [30b206G050DCE | “F

zgédés“”""” |

30D507G003DH4

|200985

30D50 5G025BA4 '

'”3&D266G650nc4 RET

30D507G003DH4

) KERZCZOK

. 531?‘13}6”‘1_ - |
o|oso-te27E
oo
I :-lelz

.'CDQ10656

ZN1372

HE224}




FLUKE MFR

DESCRIPTION PART NO PART NO

comp, 220K +10%, 1/2W 4704-108217 EB2241

comp, 1M +10%, 1/2W 4704-108134 EB1051
comp, 22K +10%, 1/2W 4704-108209 EB2281
comp, 1K £10%, 1/2W 4704-108563 EBL021
met flm, 8, 08K +1%, 1/2W 4705150467 ‘Ty'pe CEC-TO
var, WW, 5K 5%, 2W 4702-111609 Type 115
comp, 10K £10%, 1/2W 4704-108118 | EB1031
comp, 1.8K £10%, 1/2W 4704-108860 EB1821
comp, 47K =10%, 1/2W o 4704-108430 ER4731
comp, 1K «10%, 1/2W | 4704-108563 EB1021
comp, 6. 8K +10%, 1/2W 4704-108399 EEB6821
comp, 1809 +10%, 1/2W 4704108571 EB1811
comp, 15K +10%, 1/2W 4704-108530 EB1531
comp, 47K £10%, 1/2W 4704-108480 EB4731
comp, 9. 1¥ +5%, 1/2wW ‘ 4704-160028 ERBS125.
comp, 27K +10%, 1/2W 4704-108878 EB2781
comp, 1.8K +10%, 1/2W 4704-108860 EB1521
comp, 390 £10%, 1/2W 4704160036 | EB3901
comp, 7.5K 5%, 1/2W | 4704-108910 EBT525
comp, 29K £10%, 1/2W  |er04-108209 | EB2231
comp, 10K +10%, 1/2W 4704-108118 | EB1031
comp, 1K +10%, 1/2W - |4704-108563 EB1021
comp, 3. 9K +10%, 1/2W 4704-161406 EB3921
comp, 47K £10%, 2W 4704-110015 HBA4T731

comp, 1.5K +£10%, 1/2W 4704-108159 EB1521

met flm, 4020 £1%, i/zw 4705-150839 Type CEC-TO
var, ‘"WW, 1000 +20%, 1-1/4w 4702-112797 Type 110

var, WW, 10K 5%, 2W 4702-112862 Type 110

met flm, 90, 9K £1%, 1/2W  4705-162974 Type CEC-TO




DESCRIPTION

FLUKE
PART NO

MER
PART NO

Res, met flm, 909K «1%, 1/2wW
Res, met flm, 1K +1%, 1/2W
Res, met fim, 8. 45K +1%, 1/2W
Res, met flm, 20080 1%, 1/2W
Res, comp, 6, 8M 3104, 1/2w
Res, comp, 56K +10%, 1/2W

Res, var, comp, 100K %304, 3/10W
(not illustrated)

Res, comp, 180K £10%, 1/2W

Polyethelene grommet

4705-159483
4705-151324
4705-159475
4705-151480
4704-105662
4704-108472

4704-163402

4704-108431

2807-171876

Type CEC-TO
Type CEC-TO
Type CEC-TO
Type CEC-TO
ER6851
EB3631

Type 70

EB1841

2807-171876

R208{ FR207 0
R231 C208

R216
R206 R210  RZI3

R20% R214
R217

- i”
c212 R227
Re12

R224

Figure 5-5. NULL DETECTOR ASSEMBLY
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DESCRIPTION

FLUKE
PART NO

MFR
PART NO

KELVIN-VARLEY ASSEMBLY-Figure 5-6

Cap, piste, 1 uf £20%, 200V

Res, var, WW, 25K +10%, 5W

Res, WW, 500K £1%, 1W

Res, comp, WW, 5.05K +0, 02%, 3/4W
Res, var, WwW, 25K +10%, W

Res, WW, 500K 1%, 1W

Rea, WW, 5, 05K +0.02%, 3/4W

Res, var, WW, 2Q +10%, 2W

WW, 5K +0.01/-0, 03%, 3/4W

WW, 1K +0.02/-0,018%, 1/4W
var, Ww, 2 =10%, Iw
WW, 2,499K £0.02%, 1/2W
WW, 1K z0.04%, 1/2W
var, WW, 20 +10%, 2w
WW, 2. 499K 20, 02%, 1/3W
WW, 1K 10,04%, 1/2W

Res, var, WW, 1K +20%, 1-1/4W

Res, met flm, 9 35K 21%. 1/2W
{nat iMustrated)

Res, var, WW, 2.5K 0, 05%

Switch, rotary, 2 pol, 11 pos, 2 section

4710-180844
(885A -403)

1507-108450¢
4702-182634
4707-177063

4702-182634

4704-177063

4702-182410

v vV

4702-182410

vV

4702-182410

VvV

4702-111575
4705-150442

4711-163154

5105-162644

4710-180844

BLR-21M
Type UPM-AW
Type WM4SF

Type UPM-AW

Type WMA4SF

Type 115
Special

Type 115
apecial

Type 115
Special

Type 110

Type CEC-TO

4711-163154

5105-162844
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FLUKE MFR
DESCRIPTION parT NO | MFR | paRT NO

_j

Bwitch, rotary, 2 pol, 10 pos, 2 section|5105-162636 | 88536 | 5105-162636

Switch, rotary, 2 pel, 2 pos, 2 section | 5105-162651 | 89536 | 5105-162651

1

Switch, rotary, 2 pol, 10 pos, 2 section|5105-162636 | 29536 | 5105-162636
D These resistors are factory matched. When ordering, include 21l information

stamped on old resistor.

RIZF B33P
e Tal] k.. sEem.

R212 R311 R310 R2D7 | R30S R337 R350
AT 0T L

e

|
1
I
l'
[
I
i

b

}

Y

57 £

Figure 5-6. KELVIN-VARLEY ASSEMBELY

L




MFR

DESCRIPTION PART NO

ATTENUATOR ASSEMBLY-Figure 5-7 3158-19546] 3158-195461
(387A-402)

Resigtor Jet 4705-159814 4T05-150814
Res, met flm, 900K
Res, met flm, 109K

Resigtor Set 4705-159330
Res, met flm, 990K
Res, met flm, 9.88K

Resistor Set 4705-159806
Rea, met flm, 500K

Res, met {im, 8760
Cap, var alumina, 1.0 +Q10 pf, 1509-128698 | 91273 | JMC2503
Cap, cer, 15 pf +10%, 500V 1501-159947 | 00656 | Type Cl-1
Cap, var alumina, 1.0 to 10 pf, 1509-188608 | 91273 | JMC 2903

Cap, mica, 150 pf 5%, 500V 1504-148478 | 38419 | CD15F151y
Cap, var alumina, 1.0 to 10 pf, 1509-188698 | 91273 | TMC2903

Cap, cer, 5.1 pi £5%, 1100V 1501-187682 | 00656 | C1-2

Cap, mica, 3,000 pf 5%, 500V 1504-161786 | 88419 | CD19F 3027
Res, var, met flm, 5K +20%, 3/4W 4701-159905 | 80740 | Type 78P
Res, var, met flm, 5000 £20%, 3/4W  |4701-159897 | 80740 | Type 78P
Res, var, met flm, 1009 +20%, 3/4W  |4701-139889 | 80740 | Type T8B
Resa, comp, B2K +5%, 1/4W 4704-188458 | 01121 | CB8235

[>~ Factory selected. If replacement is required, replace with new resistor set.

RA05 Raoe

R403

R410

RAD R402

cAn7 205 3 ”‘. . % camy

C404

R401

R4Q7
C403
C406

R40B

Fipgure 5-7. ATTENUATOR ASSEMBLY




DESCRIPTION

FLUKE
PART NO

MFR
PART NO

CONVERTER BOARD ASSEMBLY
Figure 5-8

Regiator Set
Res, WW, 1M =1%, 1w
Res, WW, 246K =1/2%, 1W

Cap, cer, 5.0 pf 5%, 1100V

Cap, var, aluminz, 1,0 to 10 pf, 400V

Cap, cer, 15 pf +10%, 500V

Cap, plate, 5 uf =20%, 20V

Cap, Al. elect, 30 uf +75/-10%, 15V
Cap, Al. elect, 250 uf +75/-10%, 12V

Cap, mica, 338 pf +5%, 500V
Cap, Ta. elect, 68 uf £20%, 6V

Cap, mica, 22 pf +5%, 500V

Cap, AL elect, 250 uf +75/-10%, 12V

Cap, Ta. elect, 10 uf £10%, 20V
Cap, plstc, 0.001 uof £10%, 200V
Cap, Ta. elect, 2, 2 uf x10%, 20V
Cap, Ta. elect, 150 uf £10%, 6V

Cap, plste, 0. 00047 uf +10%, 200V

Cap, Ta. elect, 150 uf +20/-15%, 1.5V

Cap, plste, 2 of £20%, 10V

Cap, Al. elect, 50 uf +75/-10%, 50V

Cap, Ta. elect, 2.2 uf +10%, 20V

Cap, Al elect, 30 uf +75/-10%, 15V

Cap, Al elect, 20 uf +75/-10%, 50V

Diode, Transitron type SG5337

1702-166058
(883A-401)

4705-159822
(>
=

1501-187682

1509-188698

1501 -159947

1507 -1600952

1502-1068492

1502-160002

1504160317

150B8-160242

1504148551

1502-160002

1508-16025%

1507-159582

1508-160226

1508-160234

1507-159574

1508-160945

1507 -160860

1502-105122
1508-160226
1502-106492
1502-106229
4802-161810

Diode, Zener,. 6, 8V, Continental Devices4803-187195

type CD36554

Diode, Transitron type S5G5337

4802-161810

86536

89536

00858
91273
00656
00656
56289
56289
884159
05397
88419
56289
053497
56288
05887
05397
56289
56288
00656

1702-166058

4705-159822

Type Cl1-2
JMC2903

Type C1-1
V-146-ZR
30D306G015CB4
30D275G012DHA
CDI15E330.J
Ke8p6

CD15E 2200
30D275G015CB4
E10C20K

192p 10292
K2R2C20K
K150C8K
192P47192
108D157C2015TO
V-146-ZR

30D506G0S0DHY
K2R2C20K
30D308GOL6CE4
30D206G0B0DCY
[8G5387
CD26554

|SG5337

3

[
\
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DESCRIPTION

FLUKE
PART NO

MFR

MFR
PART NO

Diode, type 1N4317
Diode, Zener, 6.8V, type 1N754
Diode, type 1N4317
Tatr, field effect, N-channel
Tstr, Continental Devices

type CDQ23102
Tstr, Motorola, type SM4144

Tatr, Continental Devices
type CDQ10656

Tstr, Motorola, type SM4144
Res, WW, 1250 +1%, 1/4W
Res, comp, 1K +10%, 1/2W
Res, comp, 1M :10%, 1/2W
Res, comp, 22K £10%, 1/2W
Res, var, WW, 10K =20%, 1-1/4wW
Res, comp, 10K +5%, 1/2W
Res, comp, 56K +10%, 1/2W
Res, comp, 16K +5%, 1/2W
Res, comp, 10K 5%, 1/2W
Res, comp, 2708 «5%, 1/2W
Res, comp, 2, TK 5%, 1/2W
Rea, comp, 8.20 +5%, 1/2W
Res, comp, 68% 5%, 1/2W
Res, comp, 27K 210%, 1/2wW
Res, comp, 3. 3K £10%, 1/2W
Res, comp, 15K +10%, 1/2W
Res, comp, 4708 +5%, 1/2wW
Res, comp, 62K +5%, 1/2W
Res, var, 100K +30%, 1/2W
Res, comp, 3000 +5%, 1/2W

Res, comp, 478 +5%, 1/2W

4802-116111

4303-166199

4802-116111

4805-166223

4805-159855

4805-190389

4805-193870

45805-190389
4707-159764
4704-108563
4704-108134
4704-108209
4702-112862
4704-106165
4704-108472
4704-159632
4704-109165

| 4704-159616

4704-109074
4704-159590
4704-159624
4704-108878
4704-108373
4704-108530
4104-108787
4704-108522
4701-160010
4704-108829

4704-159608

05277
07910
05277
13818

07910

04713

07910

04713
15909
01121
01121
01121
71450
01121
01121
01121
01121
01121
(1121
01121
01121
01121
01121
01121
01121
01121
71450
01121

01121

1N4317
1NTH4

1N4317
U-1249

CDR23102

BM4l44

|CDRLOESE

Sm4ald4
Type R1136
EB1021
EB1051
EB2231
Type 110
ER1035
ER5S631
EB1635
EE1035
ERB2715
EB2725
EB82GH
EBG835
EB2731
EB3321
EB1531
EB4715
EBG6235
Type UPET0
ER3015

EB4705




FLUKE MFR

DESCRIPTION PART NO PART NO

comp, 4700 =5%, 1/2W | 4704-108787 EB4715
. comp, 3309 5%, 1/2W 4704-108936 EB3315
comp, 10K £5%, 1/2W 4704-109165 EB1041
comp, 100K +10%, 1/2W 4704-108126 EB1041
comp, 2.7K +10%, 1/2W 4704108837 F EB2721

r

WW, 5472 =0, 1%, 1/4W 4707-159772 Type R1136
met flm, 511K 1%, 1/2W 4705-159665 Type CEC-TO

comp, 3309 £5%, 1/2W 4704-108036 EB3315
comp, 2, 2K 5%, 1/2W 4704-108506 EB2225
comp, 1.5M +10%, 1/2w 4704-108175 EB1551
comp, 22K +10%, 1/2W 4704~ 108209 ER2231

met flm, 10K +1%, 1/2W 4705-151247 Type CEC-TO
var, WW, 3K £20%, 2w 4702-153429 Type 115

met flm, 5. 11K +1%, 1/2w 4705-159657 Type CEC-TO
comp, 1. 18 +5%, 1/2W 4705-163717 EBL1GS
comp, 10K 5%, 1/2W 4704-109165 EB1035

comp, 24K +5%, 1/2W 4704-108654 EB2435

comp, 22M £10%, 1/2W 4704-108233 EB2261

comp, 1300 +5%, 1W 4704163055 GR1315

b- These resistors are factory matched. When ordering include all
information stamped on old resistor,
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RS44
R530
R321

RE28
CR304

€517
R51%

R522
Q505

C3dl
R542

CR504
C322

CR503
R329)

€512

R523

C543

Q509

R519

R321

c513|

csssl R539

(L

a

W
1

—
.

IR518
R520
C310
Cs1l
R512
C508

Q503

Figure 5-8. CONVERTER BOARD ASSEMELY
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5-8. SERIAL NUMBER EFFECTIVITY

5-9. A Uge Code colurmn ig provided to identify certain
parts that have been added, deleted, or modified during
production of the 887A & 887AB,  Each part for which a
use code has been aggigned may be identified with a
particular ingtrument gerial number by consulting the
lizt below, All partg with no code are used on all in-
atruments with serial numbers above 123, New codes
wiil be added ag required by instrument changes.

USE .
CODE EFFECTIVITY

No
Code Model 887A and 887AB serial nmumber 123 and on




SECTION VI

ACCESSORIES

6-1. PRECISION VOLTAGE DIVIDERS

6-2. The FLUKE S0A, 80D, and 80E Voltage Dividers
provide the FLUKE 800 Series Differential Veltmeters
with the ability to make high accuracy measurements up
to 30, 000 volts DT, All models contain a zero center
panel meter which allows the polarity and approximate
magnitude of the unknown high voltage to be easily
observed. At maximum input, all units draw but 1 ma
of current from the unknown. The exireme accuracy
and excellent long term stability of these dividers are
obtained by using properly aged precision wirewound
resistors which have a very low temperature coetficient.
Tao further ensure high accuracy and long term stability
at very high voltages, the 80D dividers have all resist-
ance components immersed in oil within a hermetically
sealed container. As an additional feature, all 80D and
80E models are provided with a 1 volt tap which allows
measurcements of high voltapes with a laboratory po-
tentiometer, Specifications for the standard models
are shown on next page, Other intermediate models
are available upon special request.

MODEL 80A

MODEL 80D MODEL &80E




Maximum Total Current Division Ratio Division [Stability of
Input Resistance Drawn At Ratio Divigion

Voltage Max, Input 10v Accuracy Accuracy
Out Per Year

1KV I ma : - +0. 015% —_—
2KV I ma : +0. 015% E

+0. 01% +0. 01%,
+0. 01% +0. 01%

+0.019% +0. 01%

MODELS SIZE INPUT OUTPUT
CONNECTOR CONNECTOR

A

80A 6-3/4" high UG-560U with mating connector Insulated binding posts on 3/4"
5-1/4" wide supplied centers
2-1/4'" deep

7" high MS3102A-18-165 with mating Insuiated binding posts on 3/4"
8-1/2" wide connector supplied centexrs for both cufputs
8" deep

===

13" high Special 5" ceramic standoff with Insulated binding post on 3/4"
9—%\/4" wide mating 6" guard supplied centers for both outputs
16" deep

6-3. ISOLATION AMPLIFIER

6-4, The FLUKE Model A88 all solid-state isolation
amplifier is designed to provide igsolation between the
output of a differential voltmeter and the input of a
recorder. Thus, the A88 will allow the usge of a wide
range of strip chart recorders for recording the volt-
gy, TEST meter reading without regard to the input isolation
w characteristics of the recorder, The A88 is also excel-

lent for making accurate de microvolt and nanoampere
measurements in the presents of cotmon mode voltages
up to 1100 vde and 3 vac, 50 to 500 cycles.

g ¥O.L

o MpbEL AR i
ISDLATIUN AMP-IJHEK GAIN: 1 volt output per microampere input,

poWeR GAIN ACCURACY: 2%.

‘ W INPUT CURRENT RANGE: 0 to 2 microam-
o ‘ pETes,

INPUT VOLTAGE RANGE: 0 to 2 millivolts
nomingal.

INFUT RESISTANCE: 950 ohms (=5%).

Lo _w...,_.:_-g_g::,f-.""" (< OUTPUT VOLTAGE RANGE: 0 to 2 volts
* open circuit.

e e

PR

k e
i QUTPUT RESISTANGCE: 1000 ohms (45%).
INPUT ISOLATION FROM CHASSES: Greater

than 5 x 1011 ghms at 250C (779F), 60% RH
MODE MPLIFIE ., 80%
ODEL 488 ISOLATION A R and 1 % 1010 ohms at 50°C (1229F). 80% RH,

ans Ban
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