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MODEL 225 (NAI TM 5001) - Product Revision Sheet 7 August 1983

PCRS COVERED BY THIS PRS: 22958

ASSEMBLIES AND REV LEVELS AFFECTED:

Main Board 500869, Rev KW2 and up

PURPOSE:

To meet autorange specification for low frequency.
CHANGES:

l. In the main board parts list, change C85 from NAI P/N 807392
(4..7uf,.:20V) o NAI P/N: 883783 (22uf; 35V):

2. In figure 8-2 (sheet 2), change C85 from 4.7uf to 22uf.

Jeafl.



MODEL 225 (NAI TM 5001) - Product Revision Sheet 8 December 19¢

A. PCRS COVERED BY THIS PRS: 23122
B. ASSEMBLIES AND REV LEVELS AFFECTED:
Main Board 500869, Rev KY1l and up
€. - PURPOSE:
To meet DC offset regquirements.
D. CHANGES:

l. In the main board parts list, change R274 from NAI P/N 803389
(10M ohm) to NAI P/N 807102 (7.5M ohm).

2% In figure 8-2 (sheet 5), change R274 from 10M ohm to 7.5M ohm.

3 Lo et



MODEL 225 (NAI TM 5001) - Errata Sheet 2 December 1983

Make the following changes to the Model 225 Operating and Maintenance Manual.
Replace paragraph 3.3.7 with the following:
3.3.7 Null Meter Application

The null meter provides a more precise and convenient method of
detecting null voltage than reading the digital display. Not only
is the indication more stable, but as the signal voltage approaches
zero, the sensitivity of the null meter is greatly increased. The
null meter is operative in Total, Fundamental, Inphase, and Quadra-
ture modes. Selecting the mode and tre freqguency to be measured will
automatically engage the null circuit. Refer to paragraphs 3.3.1

to 3.3.4 for mode operation and setup.

Nulling may be accomplished from either direction; deflection to the
right of zero indicates positive voltage and deflection to the left
indicates either negative inphase or negative gquadrature voltage.

NOTE

Because the null meter operates in
guadrature and inphase modes, it will
be engaged whenever reference offset
or variable scale is engaged. The
meter operation will be affected by
the setting of the reference offset
or variable scale potentiometer, as
will the readout. (Refer to
paragraph 3.3.6 and appendix F.)

Joof 1
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NAI TM 5001

SECTION 1

GENERAL DESCRIPTION

1.1 GENERAL

This manual contains a general description,
installation and operating instructions,
theory of operation, maintenance and trou-
bleshooting procedures, parts lists, and
schematics for the Digital Phase Angle
Voltmeter, Model 225 (herein after refer-
red to as the DPAV).

1.2 PHYSICAL DESCRIPTION

The DPAV (fig. 1-1) is housed in a 5-7/32-
inch rack panel. It is designed to be
rack mounted or used on a desk top.

1.3 FUNCTIONAL DESCRIPTION

The DPAV is a completely solid state in-
strument, combining the ability to measure
th phase angle and magnitude of complex
#c signals and vector components with re-

spect to a reference input.

N
N

An automatic gain control (AGC) circuit,
in the reference channel, eliminates the
necessity for manual adjustment of the
proper level of operation. It accepts
and controls signal levels from 200mV to
200 Vrms automatically.

The reference channel isolation feature
enables the reference input voltages to
float with respect to the circuitry ground,
maintaining its independent AGC action.

The primary objective of the DPAV is to
measure the following parameters of an
ac signal:

* Total - Dc average of the input signal
scaled in rms. This voltage includes
the fundamental, all harmonics, and
noise.

* Fundamental - Signal voltage at the
center signal frequency.

Figure 1-1. Digital Phase Angle Voltmeter, Model 225
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e Inphase (0°, 180°) - The magnitude of
the signal vector voltage inphase with
a reference voltage at the reference
freguency.

* Quadrature (90°, 270°) - The magni-
tude of the signal vector voltage 90°
out-of-phase with a reference voltage
at the reference frequency.

* Phase - The phase shift, in degrees,
by which the signal voltage leads the
reference voltage. Phase angle is
measured by a unigue (patent pending)
type of signal processing (TAN"! GOTM)
angle computation.

e Reference phase - Measures and dis-
plays, in degrees, the amount the
reference is phase shifted.

e Reference offset - With the IN push-
button depressed, a reference phase
offset is produced, the magnitude
of which is controlled by the knob
setting. The range is *45%. The
amount of offset can be read when
the DPAV is in REF PHASE mode.

Front-panel controls permit easy selection

of functions and six input signal ranges
from 10 millivolts through 500 volts and

Table 1-1.

Specifications

Cl

autoranging.

The null meter gives the operator an ad-
vantage of the relative magnitude and
direction of the voltage the DPAV is mea-
suring.

The DPAV responds from 26 Hz to 54 kHz

phase-sensitive fregquency range. Up to
four frequencies can be incorporated per
unit. 1

The seven segment, 1/2-inch-~high planar

Beckman display provides an easy to read,
wide-viewing angle readout. Range, func-
tion, and warning lights are also displayed,

The signal channel isolation feature en-
ables the signal input voltage to float
with respect to the circuitry ground.
Common mode voltage amplitude is fregquen-
cy dependent.

1.4 SPECIFICATIONS

Table 1-1 provides electrical and mechani-
cal specifications for the DPAV.

1.5 CONFIGURATION

Table 1-2 lists the units comprising the
DPAV.

Item

Specification

Voltage range
Maximum signal input

Reference voltage range

Signal autoranging

range. 330ms per range change.
Display 0.55=inch Beckman display
Voltage 4-1/2 digits, 0.01% full range resolution
Phase +0.0° to +359.9° phase lead, 0.1° resolution

Frequency range
TOTAL mode
FUND, IN PHASE,

QUAD, and ANGLE modes bandwidth

l10mV to 1000V rms in six ranges (120% over-range)
500 Vrms #400Vdc (max)

0.2V to 200V rms, AGC (no adjustment necessary)
(#50 Vdc max.)

Up-ranges at 120% of range. Down-ranges at 10% of

26 Hz to 100 kHz
1, 2, 3, or 4 frequencies from 26 Hz to 54 kHz 5%
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Table 1-1. Specifications (Continued)

Item Specification
Warm-up time 0.5 hour, for rated accuracy
Voltage accuracy* Accuracy (23° *5°C) Temp. Coef. (02 to 1B2C; 28° to 50%C)
Total mode (isolated)
26 Hz to 10KkHz 0.25% FS 0.01%/°C
10 kHz to 30kHz 0.5% FS 0.02%/°C
30 kHz to 100 kHz 1% FS 0.04%/°C
FUND and Phase sensitive
modes
26 Hz to 60 Hz 0.05% FS +0.1% rdg (0.003% FS +0.01% 1rdg)/°C
60 Hz to 1.5 kHz 0.05% FS +0.07% rdg (0.003% FS +0.005% rdg)/°C
1.5kHz to 20kHz 0.1t FS +0.15% rdg (0.004% FS +0.012% rdg)/°C i
20 kHz to 32 kHz 0.15% FS +0.2% rdg (0.005% FS +0.016% rdg)/°C
32 kHz to 54 kHz 0.30% FS +0.6% rdg (0.010% FS +0.050% rdg)/°C
Phase accuracy
(Phase Angle and Reference Accuracy Arc Temp. Coef.
Phase modes) {23° :5°C) Tangent** 0% to 18°C; 28" to 50°C
26 Hz to 60 Hz 0.25° ik LSB 0.2° 0.15%/°C
60Hz to 5KkHz 0.2° #k LSB 0.13° 0.0} /%
5kHz to 20 kHz 0.25° #& LSB 0.2° 0.015"°/%C
20 kHz to 32 kHz 0.35° X% LSB o 0.02°7°¢C
32kHz to 54 kHz 0.75° +% LSB 0. 1" 0.04%/%C
Harmonic rejection 2nd and 3rd harmonic is 40 to 70db dependent on
(Fundamental and Phase- frequency. All other harmonics vary with fregquency
sensitive modes) and harmonic order.
Common mode rejection*** Inphase Quadrature
(10 mV range) 0 ohm 100 ohm 0 ohm 100 ohm
26 Hz to O5kHz (min.) 126 db 100 db 126 db 87 db
5kHz to 32kHz (min.) 100 db 92 db 106 db 71db
400 Hz (typ.) 132 db 126 db 132 db 114 db
32 kHz to 54 kHz (min.) 91 db 83db 97 db 62 db
Signal input impedance 10 M2 shunted, typically, by 75pf (140 pf with option
07 and 08)
Reference input impedance 500 k2 shunted, typically, by 25pf (71 pf with option
07 and 08)
Response time to rated
accuracy****
Phase-sensitive and angle 1.5s, typical; 6s, maximum
modes
Total modes l1.5s, typical; 10s, maximum
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e 1-1. Specifications (Continued)

Item

Specification

Power regquirements

Dimensions

Weight

115/220 Vrms +15%, 45 to 440Hz, #+30Va fused for 1A at
115V rms; 1/2A at 220V rms

5-1/4"H x 16-3/4"W x 18-1/2"D
30 pounds (max.)

*Accuracy at zero input in the voltage measurement modes, is defined as the ¥ FS statement

in the various specifications. Total mode, 10mV range, noise specification is 35 uVv.

**For signal level above 30% FS.

***Rejection is nominal at upper end of frequency band and is generally higher at lower
frequencies. 300V rms maximum common-mode voltage. Source impedance in signal high lea

****Maximum response time occurs under worst case conditions of mode selection, input over-

load, and autoranging.

Table 1-2. DPAV Configuration

NatiiE Part Reference
number designation
Main board 500869 A4
A/D converter 783591-4 A2
Readout board 783590-1 or -2 A3
Signal broadband isolation board 783602-2
Reference isolation board 783601-2
Frequency board (2) 783599~
Null meter 783672
IEEE interface* 783778, 783777
Remote control digital output* 783603
Variable scale adjust* 783707
Ratio Mode* 783688, 783689,
783690

*Optional units

l.0 ‘REAR PANEL LABEL FEATURE CODE EXPLANATION

Table 1-3.provides an explanation for the features listed on the rear panel label.

Table 1-3. Rear Panel Label Feature Code Explanation
Feature ootd
No. Description
Fl Input power line voltage 1l "1™
2, 230V
F2 Digital output interface 1. None (local)
2. Perote control & Aicital cetput
3. IEEE 488

1-4

o
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Table 1-3. Rear Panel Label Feature

NAI TM 5001

Code Explanation (Continued)

Feature ;
T Option
No. Description
F3 Rear signal and reference l. Terminal strips
input 2. MS connectors
l. Standard - non ratiometer
2. Ratiometer
3. Variable scale adjust
F4 Mode 4. Variable scale adjust, ratiometer
5. Variable scale adjust, IEEE
6. Variable scale adjust, IEEE,
ratiometer
FS5 Additional freguencies 0. None
reguired l. One
(first frequency is 400 Hz) 2. Two
3. Three
NOTE: Fl0-Fl4 are internal codes for frequencies and ratios specified.

1-5/(1-6 blank)
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INSTALLATION

2.1 GENERAL

This section provides instructions for un-
packing, inspecting, installing, and check-
out of the DPAV.

2.2 UNPACKING

The DPAV is shipped in a cardboard con-
tainer with the unit cushioned by foam
to avoid damage during shipment. Unpack
the unit as follows:

a. Place the cardboard container with
the shipping label on the top.

b. Cut tapes in the center and two sides
to open the top flaps.

c. Remove the top foam cover to expose
the unit.

d. Remove the unit from the container.

g Leed

2.3 INSPECTION

a. Check the contents of the shipping
container against the shipping list.

b. Check for damage to the outside sur-
face of the unit and notify the car-
rier if it is damaged.

c. Unscrew and open the top cover. Check
that all cards and modules are in place.

d. Check that nothing is loose or discon-
nected in the unit.

2.4 INSTALLATION

The DPAV is designed for use on a desk top,
bench, or rack mounted. An outline draw-
ing of the DPAV is shown in figure 2-1.

The DPAV requires no special cooling egquip-
ment. However, the unit should be placed
in such a way as to allow free flow of air
around it.

o e

18.75

s

-~
“

16,78

o 5.25 —

Figure 2-1.

DPAV Outline Drawing
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2.5 CHECKOUT

After installation, perform the checkout
procedure in Section 5 (para. 5.3).

2.6 POWER REQUIREMENTS

The DPAV operates from either 115V rms
(LA fuse) or 220Vrms (1/2A fuse), 45Hz
to 440Hz. The operating line voltage is
selected by switch S1 on the power supply
(fig. 2-2).

2.7 GROUNDING

The DPAV chassis ground (fig. 2-2) and the
power line ground are connected to the
screw securing capacitor C88 to the power
supply (1, fig. 2-2). The circuit ground
(2, fig. 2-2) is connected to the CKT GRD
terminal on the rear panel. Both grounds
can be connected together by a link (LUG)
on the rear panel or externally in the
test setup. Caution should be taken when-

ever the power line ground is disconnected.

Normal DPAV operation is with the link in-
stalled on the rear panel. When the link

is removed, these two points must be hooked
together externally in the test set up.

POWER CHAS CKT
LINE GRD GRD

N

OO

PRINTED CIRCUIT
BOARD

Figure 2-2. Grounding
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SECTION 3

OPERATION

3.1 GENERAL (The frequencies shown in figure 3-1 are
only typical.) The DPAV also functions as
a total voltmeter over the frequency of

26 Hz to 100 kHz and the voltage range of
0 to 500 volts ac.

} The DPAV provides a digital readout dis-
. play of the fundamental component of an
input signal, the inphase and guadreature
voltage components of a signal with re-
spect to a reference voltage, and the
phase angle between a signal and a ref-
erence voltage, all at any one of four
freguencies and in the range of 0 to

500 volts ac.

3.2 CONTROLS AND INDICATORS

Table 3-1 describes and figure 3-1 illus-
trates the DPAV controls and indicators.

Table 3=-1. Controls and Indicators

(fi:?y3-1) Control/indicator Function
: NO SYNC lamp (DS13) Illuminates in absence of reference signal
or when reference freguency differs from se-
lected frequency by more than 5%, or, in
fundamental mode, if no signal is present.
; 2 OVER LOAD lamp (DS12) Flashes when input voltage level exceeds
| 1.2 times selected scale.
3 Digital Readout display (DS1) Displays a single digit, 0-9, a one, or a +
or a -.
| - Digital Readout display (DS2) Displays a three digit readout, 0-9,
| =11, 16, Function and Range Selection Display selected mode of operation and unit
18 displays (DS3-DS11) of measurement.
12 NULL METER (Ml) Provides sensitive means for detecting null
voltages.
: 13 Freguency Range push buttons* Selects frequency of signal to be measured
i (sé) r1, P2, F3, F4 (in all modes except TOTAL).
Voltage Scale push buttons Permit selection of meter scale ranges. 1In
(s1) AUTO, automatic range selection provides ap-
lo0Mv, 100MV, 1000Mv, propriate range scale. The correct range is
lov, 1l00v, 500V, AUTO also selected automatically when DPAV is op-
erated in Phase Angle mode.

IN-OUT push buttons (S2) When IN switch depressed, permits phase
shifting of reference voltage from 0° by
using REFERENCE OFFSET potentiometer.

REFERENCE OFFSET With IN switch depressed, permits *45° phase

potentiometer (R134) shifting of reference voltage.
ts a customer specified fregquency. i
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Table 3-1. Controls and

Cl

Indicators (Continued)

(fi;?YB*l) Control/indicator Function
19 Function Selector push Select mode of operation.
buttons (S3)

TOTAL Permits measurement of signal rms value of
sinusoidal inputs with harmonics and noise.

FUND Permits measurement of fundamental vector of
input signal.

IN PHASE Permits measurement of inphase vector com-
ponent of input signal with respect to a
reference voltage.

QUAD Permits measurement of guadrature vector
component of input signal with respect to
a reference voltage.

PHASE ANGLE Permits measurement of phase angle in degrees
by which signal input voltage leads reference
voltage.

REF PHASE Permits measurement of phase angle in degrees
by which reference signal is shifted by
REFERENCE OFFSET potentiometer.

20 Power OFF-ON push button (S5) Permits application of primary power to DPAV.
20 Power OFF-LOCAL-REM push button| Permits local or remote operation (Option -12)
21 IEEE LED* Lights when DPAV is addressed (Option =-12).
22 SCALE ADJUST INPUT push button | Permits unit to operate in scale adjust mode
and control* and allows 0 to 100% full scale vernier
(optional).
23 RATIO X102 and X10 > LEDs* Ratiometer mode indicators (optional).
REF HI-LO connectors (front Permit application of reference signal input.
and rear) *
SIG HI-LO-GND connectors Permit application of signal to be measured.
(front and rear)
DC RECORDER output (rear Dc output
only)
*Optional
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Figure 3-1.

DPAV Controls and Indicators
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3.3 OPERATING PROCEDURES 3.3.1 Total Mode
Prior to operating DPAV, observe the This mode permits rms-scaled measurement
following precautions: of the total sinusoidal input signal with
its harmonics and noise. Proceed as fol-
a. The DPAV chassis is connected to the lows:
round ground pin of the three prong
power plug. Normal operation of the a. Depress appropriate Voltage Scale or
instrument is with the internal circuit AUTO push button.
ground connected to chassis ground.
Depending on the application, this can b. Depress TOTAL push button.
be done by a rear panel link or exter-
nally in the measurement set-up. Take c. Read indication on Digital display.
extreme caution in any special appli-
cation where the DPAV chassis is not 3.3.2 Fundamental Mode

connected to the house ground.
This mode permits rms-scaled measurement 1
b. Ensure that power cord is properly of the fundamental vector of the input sig-
connected to power source. nal with harmonics and noise filtered.
Proceed as follows:
c. For more accurate measurements, allow
DPAV to warm up for one-half hour. a. Connect ac input signal to be measured
This is accomplished by depressing ON to SIG HI and LO connectors.
push button.
NOTE b. Depress appropriate Voltage Scale or
AUTO push button.

With no input to the DPAV (SIG HI

and LO terminals not shorted) the N
DPAV display will indicate an over- Signal must be greater
load or some voltage when on the than 1% of full scale.
lower ranges (10 to 100 MV). This
condition is normal and represents c. Depress appropriate Fregquency Range
a true measurement of stray fields push button.
capacitively coupled to the input.
Shielding the input by using d. Depress FUND push button.
shielded leads will replace this
coupling to a minimum. e. Read indication on digital display.
Five modes of operation are available at 3.3.3 Inphase Mode
any of four fixed fregquencies. The first
frequency is 400Hz. Three additional This mode permits rms-scaled measurement W
frequencies can be specified. The five of the inphase vector component of the
modes are Fundamental, Inphase, Quadra- input signal. Proceed as follows:
ture, Phase Angle, and Reference Phase.
Total mode will measure any input from a. Connect reference voltage to REF HI
26 Hz to 100 kHz. and LO connectors.
The first three modes of operation measure b. Connect ac signal to be measured to
voltage of an ac input signal; the last SIG HI and LO connectors.
two modes measure phase angle. The mea-
surable voltage ranges from 0 volts to 500 c. Depress appropriate Voltage Scale or
volts rms. All controls (except for the AUTO push button.
REFERENCE OFFSET potentiometer (R134) are
front panel push button switches. d. Depress appropriate Frequency Range

3-4
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push button.
€. Depress IN PHASE push button.
f. Read indication on digital display.
3.3.4 Quadrature Mode

This mode permits rms-scaled measurement
of the quadrature vector component of the
input signal. Proceed as follows:

@a. Connect reference voltage to REF HI
and LO connectors.

b. Connect ac input signal to be measured
to SIG HI and LO connectors.

€. Depress appropriate Voltage Scale or
AUTO push button.

d. Depress appropriate Freguency Range
push button.

€¢. Depress QUAD push button.
£. Read indication on digital display.
3.3.5 Phase Angle Mode

This mode permits measurement, in degrees,
of the amount the input signal voltage
leads the reference voltage. Proceed as
follows:

NOTE

Both reference and signal voltages
must be of the same frequency.

#&. Connect reference voltage to REF HI
and LO connectors.

b. Connect ac input signal voltage to
SIG HI and LO connectors.

€. Depress appropriate Fregquency Range

NAI TM 5001

push button.
d. Depress PHASE ANGLE push button.
e. Read indication on digital display.
3.3.6 Reference Phase Mode

This mode permits measurement, in degrees,
of the amount of phase shift of the refer-
ence voltage. Proceed as follows:

a. Connect reference voltage to REF HI
and LO connectors.

b. Depress appropriate Freguency Range
push button.

c. Depress REF PHASE push button.

d. Depress REFERENCE OFFSET IN push
button.

e. Rotate REFERENCE OFFSET potentiometer
until desired reference phase offset
(maximum *45°) is achieved as indi-
cated on digital display.

3.3.7 Null Meter Application

The null meter provides a more precise and
convenient method of detecting null voltage
than reading the digital display. Not only
is the indication more stable, but as the
signal voltage approaches zero, the sensi-
tivity of the null meter is greatly in-
creased. The null meter is operative in
Total, Fundamental, Inphase, and Quadra-
ture modes. Nulling may be accomplished
from either direction; deflection to the
right of zero indicates positive voltage
and deflection to the left indicates either
negative inphase or negative quadrature
voltage. No other front panel push buttons
need be depressed.

3-5/(3-6 blank)
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SECTION 4

THEORY OF OPERATION

4.1 GENERAL

This section provides theory of operation
for the DPAV. The theory is written to a
functional diagram. Schematics are in-
cluded in Section 8 for reference.

4.2 BASIC THEORY

The basic measurement task of the phase-
sensitive voltmeter can be described in
terms of the time domain equation of a
sinusoidal voltage containing harmonics
and noise, and phase shifted from a ref-
erence sinusoidal by 6 degrees as follows:

Eg = E} sin (wt + 8) + E, sin 2wt +
E3 Sin 3wt + ... + Ep sin nwt + N (t)

See figure 4-1 for a vector diagram of
the fundamental voltage. The DPAV mea-
sures the polar coordinates (E; and 6)
and the cartesian coordinates (Ej cos §
and E; sin 6) of the input voltage repre-
sented as a vector. Effects of harmonics
and noise are rejected. The basic phase-
semsitive vector voltages are extracted
by a process of demodulation and are in
the form of dc voltages. The same result
gould be obtained by multiplication. What
follows is a mathematical model of the
smitiplication of voltages which is the
affective equivalent of the demodulation
geocess actually employed. Consider the
$#ollowing trigonometric identities:

s lx+y)=sinx cosy +cosx siny (1)
#iaix-y)=sinx cosy -cosx siny (2)

"B adding equations (1) and (2) and then
[#awiding both sides by 2, egquation (3) is
altained:

gosy= % sin (x+y)+X sin(x-y) (3)

= gt + 6 and y = wt, and by multiply-

The dc component which results from multi-
plying the unknown input to be measured,

E; sin (wt + 6), by a voltage equal to

sin wt is E; sin @. Now consider the trig-
onometric identities:

cos (x+y)=cos x cos y -sin X siny (5)
cos(x-y)=cos xcosy +sinx siny (6)

From this, equations (7) and (8) are ob-
tained:

sin x sin y=% cos(x-y)-% cos(x+y) (7)

. ; E- E
Ej 51n(wt+8)51ncu_=f5_cos 8*1} cos(2wt)+8 (8)
The dc component which results from multi-
plying the unknown input by sin wt is
El ;. Bg .. " )
— cos 6 — sin 6 is proportional to the

Eg ;

quadrature component and 1r‘cos 6 is pro-

portional to the inphase component. The
cartesian coordinates of the fundamental
voltage, therefore, are referred to as

the "inphase" and "quadrature" vector com-
ponents of the input. 1In the Total mode,
a measurement of the average of the recti-
fied input is made. All voltages are cal-
ibrated in rms.

90°

EISINBK_ ————— S

, IR

E;jCOS 6 0° REFERENCE

Figure 4-1. Vector Diagram of
Fundamental Voltage

4.3 BLOCK DIAGRAM DISCUSSION

ugh by Ej, equation (4) is obtained. A simplified block diagram of the DPAV is
shown in figure 4-2. The following is a

general description of the function of each

{wt+8) sin wt =Bl sin 8 +E1l sin (2wt+8) (4)
x5 2

4-1
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major circuit block and its interrelation
with the other blocks.

4.3.1 Signal Broadband Isolation
Board

The signal broadband isolation board iso-
lates signal ground from chassis ground
and, with relay Kl closed, provides 1000:1
attenuation. After buffer Z1 has provided
impedance transformation and amplifica-
tion, signal and chassis ground may be
connected by a rear panel link. If front
panel SIG LO connector jack is connected
to GND connector jack, the signal ground
will acquire the potential of the chassis
ground. If signal ground and chassis
ground are connected by the rear panel
link, but not by the front panel con-
nector jacks, the chassis ground will
acguire the potential of the signal ground.
The signal broadband isolation circuit
offers overload protection capable of
handling 500 V rms on any range.

4.3.2 Signal Channel Front End
The signal channel front end consists of
two amplifiers, Z61 and 29, and a decade
attenuating circuit which operates under
the control of the autoranging circuit to
apply 1:1, 10:1, or 100:1 attenuation,
depending upon the range selected. Ampli-
fier 261 has a gain of 1.67 in any of the
four voltage modes and a gain of 5.58 in
either angle mode. The higher gain is
employed to provide the maximum gain
without distortion required in making
phase angle measurements. Buffer ampli-
fier Z9 has a gain of 14.7.

4.3.3 Autoranging Circuit

The range changing is controlled by either
front panel switches or an autoranging
loop which uses the output of 29 as the
sense signal. Ranging occurs at 10% and
120% of full scale.

4.3.4 Signal AC Filter

Analog filtering of the ac signal is

accomplished by the two-pole active filter
made up of Z10 and its associated resis-
tors and capacitors. As will be shown
later, most of the effective filtering will
be done in the chopping (demodulating)
section. The chief filtering requirement
is the attenuation of the fifth harmonic
of the input. The actual filter atten-
uation of the fifth harmonic is roughly

14 dB. The ac voltage gain of the filter
is approximately 7.3. Since there is

a phase shift in this filter (roughly
+150°) and any phase difference between
signal and reference channels is a source
of error, an identical filter is placed in
the reference channel (Z18). The 400 Hz
filter is located on the main board. Ad-
ditional sets of filters are contained in
the fregquency plug-in cards and are switched
in corresponding to the front panel fre-
guency range select switches.

4.3.5 Signal Channel Demodulators
As has been mentioned, the key process in
phase-sensitive instrumentation is demod-
ulation (alternately shown as multipli-
cation, detection, chopping, etc.) Where-
by dc voltages proportional to the in-
phase and quadrature components of the
signal input are generated. The in-phase
demodulator is made up of two shunt swit-
ching transistors. Transistor Q13 demod-
ulates the ac signal coming directly from
the ac filter output and Ql2 demodulates
the inverted ac filter output, thus im-
plementing a full-wave demodulation. The
eguivalent takes place in the guadrature
channel where Q15 and Q14 are the swit-
ching transistors. The signals operating
the switching transistors are referred to
as m/6 signals because of their waveshapes
and duty cycles (fig. 4-3.) The switching
signals operating the in-phase channel

are in phase with the output of the signal
channel ac filter. Those operating the
guadrature channel are 90° out of phase
with this voltage. These switching wave-
forms are derived from the m/6 generator
portion of the phase lock loop. The
resultant signals are fed to the dc filters.
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Figure 4-3. T7/6 Chopping Waveformﬁ

4.3.6 Signal Channel DC Filters

The inphase dc filter is made up of Z14

and Z15 and associated resistors and capac-
itors to form a three-pole Bessel filter
(fastest rise time filter configuration).
The guadrature dc filter is made up of Z1l6
and Z17 stages. Their full scale output

48 B.75Vdc which goes to the A/D conver-
ter board for conversion. The second stage
of the inphase filter (Z15) is also used

in the total mode.

4.3.7 Total Mode Rectifier

The operational amplifier rectifier, made
wp of Z11 and associated circuitry, con-
werts the signal from Z9 output to a pro-
portional dc voltage. 212 is a single-
pole filter which feeds into the second
stage of signal channel dc filter Z15.
This total mode rectified voltage is a
peasure of the combined effects of all
gomponents in the ac signal; that is,
fendamental, noise, and harmonics.

4.3.8 Reference AGC

THe function of this section is to deliver
& comstant amplitude, zero phase-shifted
geference signal to the phase lock loop,
Ssdependent of reference input amplitude
wariations between 0.2V and 200V rms. To
schieve this, with very low phase-shift
wariations over the frequency range, a
gembination of a relay-controlled (RC) at-
Sssmator and a photocell attenuator is
wsad. The RC attenuator is located on the
geference broadband isolation board. With
#elay Kl open, the input attenuation is
#.057. This condition corresponds to in-
Juts between C.2V and 6.3V rms, approx-
Ssately. With Kl closed, the attenuation

is increased to 0.00506. This condition
corresponds to inputs between 6.3V and
200V rms, approximately. (Using this con-
figuration, eliminates the need for pro-
tection circuitry since buffer Z1 is al-
ways in series with the input.) A high
impedance amplifier, consisting of Z63 and
associated circuitry, feeds the photocell
attenuator made up of R222 and V1. The ac
voltage on the photocell is stabilized by
the feedback control loop made up of Z46,
Z47, and Q47 driving the bulb of the photo-
cell. 244 is a high-impedance buffer am-
plifier which feeds the phase lock loop
and the AGC feedback loop. Z44 output is
rectified by 247 and fed to Z46 which per-
forms integration and servo compensation.
Z46 drives Q47, which drives the bulb to
close the loop.

4.3.9 Reference Phase Lock Loop,
m/6 Chop

The only function of the reference phase
lock loop is to provide 0° and 90° chopping
signals for the signal channel demodulators
As mentioned, the advantages of this ap-
proach are:

e Allows the use of a n/6 chopping wave-
form over the *5% bandwidth, providing
filtering.

e Ease of generating a substantially
error-free 90° chopping signal over
the #5% bandwidth.

The reference input to the loop passes
through ac filter 218, which is identical
to that in the signal channel. The signal
level out of the filter is about 4.6V
peak-to-peak. The full-wave demodulator
is identical to those in the signal chan-
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nel, two shunt choppers Q27 and Q30, and
inverter Z19. The pertinent output of the
demodulator is a dc current into integra-
tor 27, which drives the voltage controlled
oscillator (VCO), feeding a pulse train
into the m/6 chopper. This pulse train

is 12 times the frequency of the reference.
By a process of counting and gating, the
n/6 chopper generates the proper waveforms
which feed the demodulator and thus close
the feedback loop. If the reference sinus-
oidal input is represented as Er sin wt
(disregarding the balanced phase shift
through the ac filter) and the chopping
waveform as cos (wt +8), where § is a

phase error, then the error current into
the integrator is:

E =K1l sin § + K2 sin (2 wt +§)

The ac term is filtered by the integrator.
Since the VCO generates a pulse rate out-
put for a constant dc input, it also be-
haves as an integrator. Thus the loop is
a second (double integration) feedback
control system providing zero position
error for a rate input. The phase lock
loop rate input in cycles or radians per
second; that is, frequency. The zero
position error corresponds to zero phase
difference between the input sinusoidal
voltage and the chopping signals. There-
fore, the loop will drive itself until

sin = 0 or 0° corresponding to a constant
dc voltage into the VCO, and zero error
current into the integrator. The chopping
signals are phase locked to the referenece
input.

4,3.10 *45° Reference Offset

Since the phase lock loop settles to a
state of zero current into the integrator,
if an offset current is injected into the
integrator, an egqual and opposite current
will be generated by the demodulator. This
demodulator current is the result of a
phase difference between the reference
sinusoid and the chopping signals. This
phase offset covers a range of *45° and is
controlled by front panel potentiometer
R134. The amount of phase offset can be
read on the display in the reference phase
mode.
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4.3.11 Fundamental Fregquency

Operation

The DPAV used in fundamental fregquency mode
reads the total magnitude of the fundamen-
tal component, El, of the selected freguen
by making a phase-sensitive measurement
using the signal as the reference. Phase
angle 8 is therefore equal to 0°. This is
accomplished by using the signal voltage
output of Z11 as the reference voltage.

Z1ll is the total mode rectifier and its
output at pin 6 is eqguivalent to the signal
input amplified by an open loop amplifier;
that is, the signal here is a square wave
in phase with the signal input at the in-
put signal terminals of the DPAV. Thus,
angle 8 is 0°., This signal is switched
into the reference channel in the funda-
mental mode by means of FET switches Q43,
Q45, and Q46. This operation occurs when
Q45 and Q46 are opened (thus disconnecting
the input reference) and Q43 is closed.
This feeds the signal into reference ampli-
fier Z44. Thus, the phase angle between
the signal and this derived reference is
0°. Looking at figure 4-1, the following
equation is obtained:

E, = V[tlz cos? 8 + E12 sin2 0
substituting 6 = 0°, the following is
obtained:

E; = JE]_"" (1)2 +Blz (0) = J;lz = E)

The operation of the DPAV is then the same
as if it were reading an inphase voltage
with # = 0°. The active filtering and

the m/6 generator are thus used to provide
an accurate reading of the fundamental
frequency voltage.

4.3.12 Frequency Card Description
The components for the 400 Hz frequency are
on the main board and the others on a plug-
in card (one card per frequency). The sig-
nal processing is the same as previously
described. The card contains:

e Signal and reference ac filters

e Phase lock locp demodulator, com-
pensation, and VCO

* Enable-disable switches



4.3.13 A/D Converter and Readout
Board

The lower main board can, in general terms,
be described as an ac-to-dc voltage con-
verter where total, fundamental, inphase,
and guadrature components of the ac signal
are converted to dc. The function of the
A/D converter and readout section is to
digitize and display dc voltage and to
compute and display phase shift in degrees,
using inphase and gquadrature voltages.

The A/D converter board is a horizontal
board located at the top front of the unit
and contains analog voltage processing cir-
cuitry and part of the digitizing circuitry.
The remaining digitizing circuitry is con-
tained on the readout board along with the
Beckman displays and the display bulbs. A
single ribbon cable (J4) connects the main
board to the A/D converter board. The read-
out board is connected to the A/D converter
board by two ribbon cables (J1 and J2).
4.3.14 Absolute Value Amplifiers
The quadrature voltage is fed to an abso-
lute value amplifier made up of Z37 and
Z38. When this voltage is negative, diode
CR25 is backbiased and the amplification

is through 238, yielding a positive volt-
age output. The nominal full range voltage
input is 8.75Vdc and Z38 stage gain is
nominally 1.09, yielding +9.5V dc at the
output. With a positive input voltage,
diode CR25 is forward-biased and the neg-
ative output of 237 is applied to Z38
through R154. Since R154 is one-half the
value of R158, the gain to the negative
input is twice that from the positive in-
put. This results again in a positive
output, producing the action of an absolute
value amplifier. The total, fundamental,
or inphase voltage is fed from the main
board to the A/D converter board, depend-
ing on the mode of operation. The absolute
value amplifier, made up of 235 and Z36,
operates the same as the quadrature chan-
nel.

4.3.15 Octant Detector

In the angle modes, during a portion of

NAI T™M 5001

the digitizing cycle, the counters are
loaded with either 0.0°, 90.0°, 180.0°,
270.0°, or 360.0° and are commanded to
count either up or down. Each of the
eight octants in the circle has a differ-
ent command and is identified by the in-
phase polarity, gquadrature polarity, and
the voltage from octant detector Z34. This
stage simply determines whether the inphase
voltage exceeds the guadrature voltage or
vice versa (Q28 provides hysteresis). The
logic output, at Z26 pin 6, is designated
OD and is at a logic 1 level when the in-
phase voltage is greater than the guadra-
ture voltage.

4.3.16 Segment Detectors

The Ei%_ﬂ voltage used in angle computa-
tions is generated by 227 and Z28. The
sin 6
6
trolled by relays K3 and K4, which are con=-
trolled by segment detectors Z30 and Z31l.
For an input phase angle in the first oc-
tant, for example, relays K1 and K2 will
be in the positions shown and the guadra-
ture voltage (sin §) will be applied to
228 and Z25. The resistor dividers in
front of Z30 and 231 are such as to cause
relays K3 and K4 to be de-energized if the
phase angle is less than 23°, If the phase
angle is between 23° and 35°, relay K3 is
energized and K4 is de-energized. If it
is between 35° and 45°, both K3 and K4 are
energized.

effect of 228 on the voltage is con-

4.3.17 DC Reference Voltage

The dc voltage standard is a temperature=-
compensated voltage regulator Z41 buffered
by the noninverting amplifier Z229. The
nominal voltage output is =9.5Vdc and is
adjustable by trimpot R68. The dc voltages
at 229, 227, and K1 are fed to the digitize
through switches Q11, 09, and Q10 repec-
tively.

4.3.18

The conversion of the inphase and gquadra-
ture dc voltages to degrees phase angle in
digital form is accomplished by a combin-
ation of analog-to-digital signal proces-

Phase Angle Digitizing

4-7



NAI TM 5001

sing. The technigque for this A/D conver-
sion uses a time-interval ratio measuring
scheme with its attendant simplicity and
accuracy, but in a new and unigque way.

It is essentially a dc resolver-to-digital
converter, the resolver data being the in-

phase and quadrature components of the sig-

nal input. The analog-to-digital conver-
sion is accomplished by the system shown
on the block diagram. Typical waveforms
are shown in figure 4-4. During a fixed

time t,, the input is switched to +V1 (K1),

which is proportional in this mode to the
quadrature voltage, sin 6. Thus, the ramp
voltage at t, is proportional to tp sin 6.
At to, the input is switched to -V2, which
is proportional in this mode to a synthe-
sin 8 (227)
0
to 0.0Vdc. Time periods t, and tp are
quantized in the form of pulses from the
clock. The known time tg is generated by
accumulating 10,000 pulses in the four-
stage counter, starting from a zero reset
state. When the 10,000th pulse is sensed,
the input is switched from +V1 to -V2,
which ramps V1 (t) back to zero volts.
z13, pins 3 and 6, is a set/reset flip-
flop controlling the switching of +V1 and
-V2. Zero crossover detector Z23 senses
0.0Vdc and does the following:

sized which ramps V1 (t) back

v,m
ZEMQ CROSSOVER

s
COUNTER
SMLLOVER

mae
STROSE

Figure 4-4. Digitizer Waveforms

s Strobes (Z21-6) the accumulated pulses
(tm) into the latch memory for display.

e Generates a reset pulse (220-1) de-
layed from the strobe pulse, which
resets the counter to zero.

e Switches the input back to +V1 and
the cycle repeats.

sin 6

8
in an exact form, an approximation is
synthesized, using the sin 6 and cos 8 dc
voltages. At small angles, the cos 6 op-

Since the voltage is not available

sin 6 R
proaches 8 and as 8 increases, cos 8
sin 6
becomes smaller than 8 * To compensate

for this, a portion of the sin g voltage
is added to the cos 6 voltage to bring it
towards sin 6/6. Thus,

sin 6

5 = a sin 6 + b cos 6, approximately

As 8 increases, the values of the coeffi-
cients a and b, of the above formula, must
change to maintain accuracy. The final
design covers a total range of 45° broken
into three segments; that is, there are
three different values for a and b, de-
pending on the particular segment within
the 45°, The first segment covers 0° to
23°, the second 23° to 35°, and the third
35° to 45°. The segment detectors shown
in figure 4-2 determine which segment the
input angle is in and make appropriate

changes in the gln D generator. Since
sin 6
6
over a 45° interval (excessive errors be-
yond 45°), in the second octant (45° to

90°), the following applies:

the approximation of is used only

¢ Inphase and quadrature voltages are
interchanged to implement the comple-
mentary function.

* At the end of the fixed period of
ramping (tg) 90.0° is loaded into
the counters.

* The counters are placed in a count-
down mode.



For example, if the input angle is 80°,
the true inphase is 0.1737 and the true
guadrature is 0.9848. These are reversed

into the §3§_§ generator and the A/D con-

verter board which processes the equiva-
lent of 10°, However, due to the 90.0°
counter preset and the count-down command,
the readout will be 80.0°, the correct
value. Table 4-1 gives the configuration
for each octant.

Table 4-1. Angle Mode Counter Control

Octant Cﬂi:;fr Count Function
0-45° 0.0° Up Normal
45-90° 90.0° Down Complement
90-135° 90.0° Up Normal
135-180° | 180.0° Down Complement
180-225° | 180.0° Up Normal
225-270° | 270.0° Down Complement
270=-315° | 270.0° Up Normal
315-360° | 360.0° Down Complement

4.3.19 Voltage Digitizing

The digitizing of the dc voltages is ac-
complished by using the same technigues
described above. During fixed time, tg,,
the input is switched to +V1 (K1), which
is proportional in this mode to the un-
known dc voltage V5 (total, fundamental,
inphase, or quadrature). At the end of
the ty interval, the input is switched to
a precision reference voltage =Vyef (229),

NAI TM 5001

which ramps V1 (t) voltage back to zero
where the data is strobed out at zero
crossover and the cycle repeats.

4,3,.20 Readout Board

The readout board contains the display
devices and digital circuitry used in the
digitizer.- The clock pulses (up and down)
are applied to first BCD counter Z12
representing the least significant digit.
Z8 is a 4-bit latch which stores the dig-
ital word in Z13 counter at strobe time.,
This 4-bit BCD number is fed to 24 decoder-
driver of the gas discharge displays. The
count from Z12 spills to Z11l, S10 and
finally to the most significant digit (MSD)
Z29. The latches, decoder-drivers, and
associated displays operate in a fashion
identical to that described for Z12. At
the 10,000th pulse, Z9 pin 7 goes from
logic 1 to 0 and is fed out to J1 pin 10
as a spillover to signal the end of the
fixed time ty, or to enable the over-range
% digit through 212 and Z11 on the A/D
converter board.

4,3.21 Null Meter Circuit

In all four voltage modes, the dc analog
voltages applied to the A/D converter
board from the main board are also applied
to the null meter. For measuring null
voltage, the null meter is preferable to
the digital readout because of its greater
stability and sensitivity.

4-9/(4-10 blank)
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SECTION 5

MAINTENANCE

5.1 GENERAL

This section contains periodic maintenance,
disassembly/assembly procedures, checkout
calibration, and troubleshooting procedures
for the DPAV.

CAUTION

A potential shock hazard exists
when the unit is operated with
ungrounded power source Or case.
Operators of this instrument
should be aware of and take pre-
cautions against this condition.

5.2 REMOVAL AND REPLACEMENT
5.2.1

The power line fuse is located on the right
side of the rear panel. It can be replaced
by removing the fuse holder cap. For 115V
ac line operation, the fuse is a 1A, Slo-
Blo, Type 3 AG; for 230Vac, it is 0.5A,
Slo-Blo, Type 3 AG.

Replacement of Fuse

NOTE

Throughout the following remov-
al and replacement procedure the
key numbers in parenthesis refer
to figure 5-1.

5.2.2 Gaining Access to DPAV Interior

a. Remove five screws (lA) that secure
top cover assembly (1) and remove top
cover assembly.

b. Remove two screws (7A) and flip up
A/D converter bracket (7) along with
A/D converter (3) to gain access to
main board (74) and rear of the A/D
converter.

c. Loosen four screws and shift two
printed card retainers to the outside
in order to gain access to frequency
boards for removal. This allows for
removal of one frequency board to pro-
vide access to test points on other
frequency boards during calibration.

d. Remove four screws (10A) and four

screws (l0B) that secure one side
cover (1l0). Remove side cover. Re-
peat procedure for opposite side cover.

NOTE

At this point, entire unit
is exposed for maintenance
and calibration.

Removing A/D Converter
NOTE

Removal of A/D converter is only
necessary when A/D converter
bracket (7) structures obscure
solder points to be accessed.

a. Using Scotchflex tool 3438, disconnect
three cable assemblies J1 (green), J4
(red), and J2 (yellow) (46, 47, and 48)
from wiring side of A/D converter
board (3).

b. Remove two screws (7A) and two screws
(8B) that secure A/D converter bracket
(7) and remove two pivot spacers. (8).
Remove A/D converter bracket (7) with
A/D converter (3).

c. Remove 10 screws (3A), 10 washers (3B),
and 10 washers (3C) and remove A/D con=-
verter board (3) from A/D board brac-
ket (7).

5.2.4 Accessing Main Board, Wiring

Side

a. Remove four screws (l12A) and four
bumpers (12).

b. Remove screw (llA) and remove bottom
cover (1l1).

NOTE
To remove readout board, null

meter must be removed first.

5.2.5 Removing Null Meter

a. Using Augat tool T114-1, disconnect
cable assembly W1l from main board (74).
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5.2.6

Remove two screws (2A), two washers
(2B), and two washers (2C) that secure
null meter (2) to readout board (49).
Remove null meter (2).

Remove two screws (51A) and two washers
(51B) and separate printed circuit
board (51) from null meter (53).

Remove two nuts (53A), two washers
(53B), and two insulated washers (53C).
Remove printed circuit board (51) lugs
from terminals of null meter (53).

Removing Readout Board
NOTE

If not already disconnected,
use Scotchflex tool 3438 to
disconnect cable assemblies
J1l (green) and J2 (yellow)
from A/D converter (3).

Remove two screws (50A) with two split
lock washers (50B) and two washers
($OC) that secure two bumpers (50) to
readout board (49).

At ends of readout board, remove two
screws (497A), with two split lock
washers (49B) and two washers (49C)
and remove readout board (49).

'85.2.7 Removing Signal Broadband

Isclation Board

Remove two screws (59A) and two washers
(59B) that secure signal broadband iso-
lation board (59). Unplug signal
broadband isolation board.

Remove four screws and remove bottom
cover that secures signal broadband
isolation board. Remove signal broad-
band isolation board.

2.8 Removing Reference Isolation

and Signal Isolation Trans-
formers

Bemove bottom cover two screws (112,
135, 73a, 72A), two screws (75A), and
two washers (75B) that secure signal

isolation transformer (75) to main
board (74).

Deda9
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At main board (74), tag and unsolder
wires from signal isolation transfor-
mer (75). Remove signal isolation
transformer (75).

Repeat procedure for reference isola-
tion transformer (70).

Removing Reference Isolation
Board

Remove two screws (58A) and two washers
(58B) that secure reference isolation
board (58). Unplug reference isolation
board.

Remove four screws and remove bottom
cover (7) that secures board. Remove
board.

Removing Power Transformer

At main board (74), unsolder color
coded wiring coming from power trans-
former (83).

With DPAV rightside up, remove top two
outer screws (82A), two split lock
washers (83A), and two nuts (83B) that
secure transformer mounting plate (82)
to LH side bracket (68).

Turn DPAV upside down and remove re-
maining two outer screws (82A) that
secure transformer mounting plate (82)
to LH side bracket (68). Remove power
transformer (83) with transformer
mounting plate (82).

Remove four screws (82B), four split
lock washers (83D), four washers (83C),
and nuts (B3E) that secure power trans-
former (83) to transformer mounting
plate (82). Remove power transformer
(83).

Removing Local Control
Switch S5

Tag and unsolder two wires at local
control switch (45).

Remove attaching hardware and remove
local control switch.

5=7
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5.2.12 Removing Freguency Switch Sé6
a. At main board (74), tag and unsolder
wiring from frequency switch (13).

b. Remove attaching hardware and remove
frequency switch (13).
5.2.13 Removing Fan

a. Remove connector from the fan (29) to
the power transformer (83).

b. Remove four screws, four nuts, and
four washers.

c. Remove fan guard.

d. Slide connector through rear panel
and remove fan (9).

5.3 CLEANING
WARNING

Cleaning compound is toxic.
Keep away from heat and open
flame; the products of decom-
position are toxic and ex-
tremely irritating. Use in

a well ventilated area. Avoid
inhalation and prolonged or
repeated contact with skin.

a. Clean all machined metal parts by
brushing briskly with MIL-C-81302,
type I cleaning compound.

b. Wipe all metal parts with cleaning
compound and wipe disconnected solder
joints. Remove all traces of sealer
from electrical contacts and contact
surfaces of movable parts.

Table 5-1. Inspection Routine
Assembly Check
Line power Check input power cable for
cable cracks, nicks, fraying, and
loose connectors.
Chassis a. Check for dirt and dust.
b. Check all interconnecting
wiring for cracks, nicks,
fraying, and loose con-
nectors.
Front a. Check panel for general
panel cleaniness.
b. Check that all panel mark-
ings are legible.
c. Check all push buttons for
smooth and positive action
d. Check meters for broken
or chipped plastic.
e. Check all connectors for
tightness.
Printed a. Check all boards for crack
circuit and chips.
and wiring b. Check printed circuit
boards boards for damaged tracks.
Check wiring boards for
loose, and worn wires,
c. Check components on boards
for loose connections, im-
proper seating, and signs
of overheating and deteri-
oration.
Cables Check cables for signs of wear
or damage.

5.5 ASSEMBLY

- 30 |

Replacing Frecuency Switch Sé6

a. Solder wiring to fregquency switch (13)

c. Air dry all cleaned components with
filtered air not exceeding 10 psi
pressure.

5.4 INSPECTION

Visually inspect the DPAV as indicated in

table 5-1.
defective,

Replace any components found
Refer to Section 7 (Parts

List) for replaceable parts.

and tag in accordance with paragraph
5.2.12 procedures for previously re-
moved switch.

b. 1Install frequency switch (13) with
attaching hardware.
c. Solder wiring from frequency switch

(13) to main board (74) in accordance
with tagged data.



5.5.2 Replacing Local Control

Switch S5

a. Install local control switch (45) with
attaching hardware.

b. Solder wiring from main board (74) to
local control switch (45) in accordance
with tagged data.

5.5.3 Replacing Power Transformer

2. Install power transformer (83) on
transformer mounting plate (82) using
four screws (82B), four split lock
washers (83D), four washers (83C), and
four nuts (83E).

B. Turn DPAV upside down and attach trans-
former mounting plate (82) (with power
transformer (83) attached) to LH side
bracket (68) using two bottom outer
screws (82A).

€. Turn DPAV rightside up and finish se-
curing transformer mounting plate (8B82)
to LH side bracket (68) using two top
outer screws (B2A), two split lock
washers (83A), and two nuts (83B).

d. Solder color coded wiring coming from
power transformer (83) to matching
points at main board (74).

5.5.4 Replacing Reference Isolation

Board

a. Assemble reference isolation board
(58) by replacing bottom cover assem-
bly on board using four screws.

b. Plug in reference isolation board (58)
and secure using two screws (58A) and
two washers (58B).

5.5.5 Replacing Reference Isolation
and Signal Isolation Trans-
formers

a. Solder wiring to signal isolation
transformer (70) and tag in accordance
with paragraph 5.2.8 procedures for
previously removed transformer.
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b. Solder wires from signal isolation
transformer (70) to main board (74)
in accordance with tagged data.

c. Secure signal isolation transformer
(70) to main board (74) using two
screws (70A) and two washers (70B),
one screw (70C), washer (70D), and
rail (72).

d. Repeat procedure for reference iso-
lation transformer (75).

5.5.6 Replacing Signal Broadband

Isolation Board

a. Assemble signal broadband isolation
board (59) by replacing bottom cover
assembly on board using screws.

b. Plug in signal broadband isolation
board (59) and secure using two screws
(59A) and two washers (59B).

5.5.7 Replacing Readout Board

a. Install readout board (49) by securing

with two screws (49A), two split lock
washers (49B), and two washers (49C).

b. Install two bumpers (50) to readout
board assembly (49) using two screws
(50Aa) two split lock washers (50B),
and two washers (50C).

c. Connect cable assemblies Jl (green)
and J2 {yellow) between readout board
(49) and A/D converter (3).

5.5.8 Replacing Null Meter

a. Attach printed circuit board assembly
(51) lugs to terminals of null meter
(53) and secure with two nuts (53A),
two washers (53B), and two insulated
washers (53C).

b. Attach printed circuit board assembly
(51) to null meter (53) using two
screws (51A) and two washers (51B).

c. Attach null meter (2) to readout board
(49) securing with two screws (23a),
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two washers (2B), and two washers (2C).

d. Connect cable assembly Wl between main
board (74) and null meter (2).

5.5.9 Replacing A/D Converter

a. Attach A/D converter (3) to A/D con-
verter bracket (7) securing with 10
screws (3a), 10 washers (3B), and 10
washers (3C).

b. Attach A/D converter bracket (7) (with
A/D converter (3)) to DPAV using two
pivot spacers (8) and secure with two
screws (8B).

c. Connect three cable assemblies Jl
(green), J4 (red), and J2 (yellow)
(46, 47, and 48) to wiring side of
A/D converter (3).

5.5.10 Replacing DPAV Access Covers

a. Turn DPAV upside down, set bottom cov-

Ceé

cards in place. Secure two retainters
with four screws.

e. Flip down A/D converter bracket (7)
along with A/D converter and secure
with two screws (7a).

f. Set top cover assembly (1) in place
and secure with five screws (11A).

5.6

PERFORMANCE CHECK

Perform the procedures of table 5-3 gquarter-
ly to verify proper operation of the DPAV.
If a reading cannot be obtained, refer to
paragraph 5.8 (alignment) and/or Section 6
(troubleshooting).

5.6.1

er (11) in place and install screw (1l1A).

b. Attach four bumpers (12) securing with
four screws (12A).

c. Turn DPAV rightside up and install one
side cover (10) securing with four
screws (1l0A) and four screws (10B).
Repeat procedure for opposite side
cover.

d. Plug in frequency cards as required
and shift two printed card retainers
to inside in order to hold freguency

NOTE

The performance checks
should be made after one-
half hour warm-up time at
room temperature with
covers on.

Test Equipment

Table 5-2 lists the test eguipment required
for the performance checks. If the listed
test equipment is not available, eguiva-
lents can be substituted.

During the check it may become necessary

to remove a component from its socket or

a ribbon cable from its connector. Use
extraction tools to minimize the possibility
of damage. For dual-in-line IC packages,
Augat tool T1l1l4-1 is recommended. For the
ribbon cable, 3M tool 3438 is recommended.
No other special tools are reguired.

Table 5-2.. Manufacturer Suggested Test Egquipment

Name Model number Manufacturer
Variable, Low-Distortion Model 446R Krohn-Hite
Oscillator, 10Hz to 100 kHz
Variable Oscillator Model 4000AR Hewlett-Packard
Power Amplifier Model DCA-10R Krohn-Hite
Ac Calibrator Model 5200A or John Fluke

510A

Oscilloscope Model 422 Tektronix
Irhase Meter Model 6500 Krohn-Hite

5=10
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Table 5-2. Manufacturer Suggested Test Equipment (Continued)
Name Model number Manufacturer
DC Meter Model 895A John Fluke
Ratio Box (2) Model RB504 North Atlantic Industries
High Freguency Ratio Box Model RT-501 Dytronics
(two frequencies above 5 KHz)
Phase Angle Generator Model 311/RT-1/717S (Fregq Dytronics
Range 30Hz-10KHz)
Model 312/RT-1/717S (Freg
Range 4KHz-500KHz)
VOM Model 260 Simpson
Ribbon Cable Extraction Tool Model 3438 3M
(Supplied with DPAV)
DIP Extraction Tool Model T1l14-1 Rugat
Table 5-3. Performance Checks
Step
P dure : ;
M Indication
| GROUND ISOLATION CONTINUITY CHECK
a. Remove line cord from power source. Disconnect rear-panel link and measure the
resistance between the two points.
Reading should be greater than 10 MQ.
b. Measure resistance between front panel REF LO and GND terminals.
Reading should be greater than 100 MQ.
Ee Measure resistance between rear panel terminal chassis ground and any convenient

d. Replace rear panel link.

place on the chassis (screw, etc.).
Reading should be less than 0.1 Q.

2 PRELIMINARY CHECKS

a. Depress front panel 10V,

and appropriate main board Fregquency Range push buttons.
Connect ac calibrator to front panel REF HI and LO connectors.
tween SIG HI and LO connectors.
responding main board frequency.

Place short be-

Adjust ac calibrator for 10V rms output at cor-

b. Depress, in turn, the Function Selector push buttons (TOTAL through REF PHASE).

At each position the corresponding indicator lights.

C. Depress IN PHASE and REFERENCE OFFSET IN push buttons.

REF OFFSET indicator is on.

d. Depress REFERENCE OFFSET OUT push button.

REF OFFSET indicator goes out.

e. Depress, in turn, Voltage Scale push buttons (from 10 MV through 500MV).

- Depress IN PHASE push button.
(between 380 and 420 Hz).
NO SYNC indicator remains off.

The corresponding decimal point and Voltage Range indicator are on.

Vary frequency output of ac calibrator by 5%

5=-11
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Table 5-3. Performance Checks (Continued)

Step
Procedure ; "
Indication
- Adjust ac calibrator output by *10% (between 360 and 440 Hz).
NO SYNC indicator goes on.
h. Repeat steps a through g, above, for the remaining front panel Fregquency Range
push buttons.
3 AUTORANGE CHECK
Depress desired Frequency Range push button. Adjust ac calibrator for output of
100 Vrms at corresponding main board freguency. Depress AUTO push button. Re-
move short from SIG HI and LO connectors. Without removing ac calibrator from
REF HI and LO connectors, connect ratio box between ac calibrator and SIG HI and
LO connectors. Increase ratio box output from OmV to 100V and back to 0OV.
Unit up-ranges at 120% #3% of full scale and down-ranges at 10%
+*0.3% of full scale.
4 VOLTAGE ACCURACY CHECKS
NOTE
Allow a one-half hour warm-up period at room temperature prior
to performing the voltage accuracy checks.
a. Offset and Noise Check

5-12

(1) With ac calibrator still connected to REF HI and LO connectors, reduce the
output of ac calibrator to 10 volts rms at main board frequency. Disconnect
and remove the ratio box from SIG HI and LO connectors. Short these connectors,

(2) Depress front panel TOTAL, 1000MV, and desired Frequency Range push buttons.
DPAV displays 1mV or less.

(3) 1In turn, depress front panel IN PHASE and QUAD push buttons.
For each freguency range, DPAV reads as shown below.

Frequency Range Reading
26 Hz to 5 kHz 0.4 mV
5 kHz to 20 kHz 0.8 mv
20kHz to 32 kHz l.2mv
32 kHz to 54 kHz 2.4mv

(4) Depress the front panel TOTAL and 10 MV push buttons.
DPAV displays 0.035mV or less.

(5) In turn, depress front panel IN PHASE and QUAD push buttons.
For each fregquency range, DPAV reads as shown below.

Frequency Range Reading
26 Hz to 5 kHz 0.004 mV
5kHz to 20 kHz 0.008 mv
20kHz to 32 kHz 0.012 mv
32kHz to 54 kHz 0.024 mv

(6) Adjust ac calibrator for an output of 10V rms at desired main board fregquency.
Adjust ratio box for 10mV rms output when 10 volts rms is applied to input.
Remove short from SIG HI and LO terminals. Depress front panel FUND and
1000 MV push buttons. Connect input of ratio box to output of ac calibrator
(in parallel with DPAV REF HI and LO connectors) and output of ratio box to
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Table 5-3. Performance Checks (Continued)

REEP Procedure g 4

Indication

SIG HI and LO connectors. Adjust ac calibrator to increase frequency output

to 500Hz for a few seconds.
NO SYNC indicator is on.

(7) Reduce frequency to 400 Hz and wait a few seconds.
NO SYNC indicator goes off.
b. Accuracy and Linearity Check

(1) Connect two ratio boxes in series between the ac calibrator and SIG HI and
LO connectors. (Using two ratio boxes minimizes attenuation errors.) With
differential voltmeter monitor the output of the ac calibrator. Connect
phase angle generator between the ac calibrator and RErF HI and LO connectors.
Adjust the ac calibrator for 10V rms at desired main board frequency and
adjust the ratio boxes for an output of 10mV rms #0.02%. Adjust phase angle
generator for 0.0° phase shift. Depress front panel 10 MV push button.

(2) 1In turn, depress FUND and IN PHASE, push buttons.
For each switch setting, DPAV readings are within the following

specifications:

Frequency Range Specification

26 Hz to 60 Hz 0.05% FS +0.1%, reading

60Hz to 1.5 kHz 0.05% FS +0.07%, reading
1.5kHz to 20kHz 0.1% FS +0.15%, reading

20 kHz to 32 kHz 0.15% FS +0.2%, reading

32 kHz to 54 kHz 0.30% FS +0.6%, reading

(3) Repeat steps (1) and (2), above, for each Voltage Scale, up to 10V, chang-
ing signal ratio box for appropriate full scale reading.

(4) Depress the 1000 MV push button and apply 100mV rms to the SIG HI and LO
connectors. Depress the REF PHASE and REFERENCE OFFSET IN push buttons.
Adjust REFERENCE OFFSET #*45° control for a display of +45°.

(5) Depress the FUND push button.
DPAV reads 1000mV * accuracy from step (2).

(6) Depress REFERENCE OFFSET OUT push button.

(7) Apply 10V rms, at main board frequency to the front panel REF HI and LO
terminals. Apply 1Vrms *0.02% to the SIG HI and LO temrinals, through
a ratio box. Reduce the input in 0.2V steps to 0V.
DPAV readings match ratio box settings within the accuracy
specified for that frequency (e.g., for 400 Hz, accuracy is
0.05% FS +0.07% of reading).

(8) Connect ac calibrator, phase angle generator, ratio box, and DPAV as shown
in figure 5-2. Adjust ac calibrator for output of 10V rms at desired main
board frequency. Adjust phase angle generator for 90° phase shift and set
ratio box for 1000 mV rms output to DPAV, Depress front panel 1000 MV and
QUAD switches.

DPAV reads within specifications given in step (2), above, and
with a negative polarity.
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Table 5-3. Performance Checks (Continued)

5-14

Procedure . :
Indication
- e ot——
DIFFERENTIAL
I by L PHASE METER l
—0 — O—i
L—l
L _ - - _ | ReF SIG _
A - S0 asg O —-+HowicH uiGNo—-—A—JJ
AC
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CALIBRATOR
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d
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g RATIO i
| | TRANSFORMER

Figure 5-2. Accuracy Linearity Check

(9) Adjust phase angle generator for 270° phase shift.

DPAV reads the same as in step (8), above, except with a positive

polarity.

Freguency Card Checks

Repeat steps a and b, above, for each DPAV Freguency Range.

Total Mode Frequency Response Check

(1) Depress front panel TOTAL and 1000 MV push buttons. Disconnect test setup
and reconnect ac calibrator to SIG HI and LO connectors. Adjust ac cali-
brator for 1000 mV rms.

CAUTION

To avoid serious damage to the DPAV, do not apply
a freguency below 26 Hz.

(2) While observing DPAV display, vary fregquency output of ac calibrator from
30Hz to 100 kHz.

DPAV display is between 997.5 and 1002.5mV for all frequencies
between 26 Hz and 10 kHz, between 995 and 1005mV for all frequen-
cies between 10.1 kHz and 30kHz, between 290 and 1010mV for all
frequencies between 30.1 MHz and 100 kHz.

NOTE

If the above test is performed at a tempera-
ture of less than 18°C or more than 28°C, allow
an extra tolerance of 0.2 millivolt for every
degree by which the ambient differs from the
normal range.
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Table 5-3. Performance Checks (Continued)

Step

Eroeedurs Indication
(3) Depress front panel 10V push button. Adjust ac calibrator for 10 volt rms
output to DPAV and repeat steps (1) and (2) above.
5 PHASE CHECKS
NOTE
Allow the DPAV to warm up one-half hour at
room temperature.
a. Phase Match Check
NOTE
The Phase Angle and Reference Phase modes
require accurate phase shifted signals.
Refer to Appendix A for several common
approaches.
Restore the set-up shown in figure 5-2. Adjust the ac calibrator for 10V rms at
desired main board frequency and the ratio box for 1000 mV rms. Adjust the phase
angle generator for 0,0° phase shift. Depress the front panel 1000 MV, QUAD,
and corresponding Fregquency Range push buttons. Record value displayed by DPAV.
Depress 10V push button., Set ratio box for 10 wvolt output to DPAV. Record
value displayed by DPAV,
DPAV reading at 1000 MV and 10V is less than or equal to that
given below. 1000 MV 10V
Freguency Range Reading Reading
26 Hz to 60 Hz 2.4 mv +0.024 V '
60 Hz to 5kHz 1.4 mv +0.014 Vv
5kHz to 20 kHz +2.8mvV +0.028vV
20kHz to 32 kHz *4.0mV +0.040V
32kHz to 54 kHz *6.0mv +*0.060V
b. Quadrature and Reference Amplitude Check
(1) Depress the QUAD, 1000 MV, and Freguency Range (corresponding to main board
frequency) push buttons.
(2) Apply 1000mV at 0° to the SIG HI and LO terminals.
(3) Apply 10Vrms to REF HI and LO terminals and note the reading on the DPAV
diaplay.
(4) In turn, adjust the input to the REF HI and LO terminals to 0.2V, 3V, 5.5V,
7V, and 100V (maintaining a constant 1000mV to SIG HI and LO terminals).
Maximum variation from recorded value of step (3) above, is as
shown below.
Fregquency Range Variation
26 Hz to 60 Hz +1.5mV
60 Hz to 5kHz #1.0mV
5kHz to 20 kHz #1.5mv
20 kHz to 32 kHz +2.0mv
32kHz to 54 kHz +4.0mv
e Phase Angle Mode Accuracy Checks

(1) Adjust the ac calibrator for 0.0Vrms. Set-up the DPAV and test equipment

5-15
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Table 5-3. Performance Checks (Continued)
tep
PrOceduxe Indication
as shown in figure 5-3, but without the ratio box. Depress the front panel
10V, PHASE ANGLE, and desired Frequency Range push buttons. Increase the
output of the ac calibrator to 10V rms at corresponding main board frequency.
(2) Phase shift the phase angle generator in 5° steps to 360°.
Accuracy is as shown below. (Be sure to allow for phase
generator accuracy.)
Freguency Range Phase Accuracy
26 Hz to 60 Hz 0.25° + % LsB
60H z to 5 kHz 0.2° + % LSB
5kHz to 20 kHz 0.25° + % LsSB
20kHz to 32KkHz 0.35° + % LSB
32 kHz to 54 kHz 0.75° + ¥} LSB
1o 4o —
‘[ DIFFERENTIAL L PHASE T
VOLTMETER
oy YOLTMETE - METER o
T - —~ [ReF SIG] ~
—P+ - HIGH HIGH O—
ac
CALIBRATOR prey
o OLOW LOWO
- ot - ot
i < S N D - g
| O GENERATOR o _OTRANSFORMERO_
Figure 5-3. Phase Angle Mode Accuracy-Test Set-Up
d. Reference Phase Mode Accuracy Checks

5=16

(1)

(2)

(3)

With the same test set-up as used in step c, above, but without the ratio
box, and with the ac calibrator still set for 10V rms, depress the front
REFERENCE OFFSET IN push buttons. Adjust the phase
Adjust the front panel REFERENCE
for the DPAV display of 45 degrees. Adjust the phase

panel REF PHASE and
angle generator for
OFFSET *45° control
angle generator for

Depress front panel
DPAV reads

Depress front panel

for 0.0° phase shift.

for DPAV display of

a 0.0° phase shift.

a 45° phase shift.

PHASE ANGLE push button.
0.0° to within accuracy given in step c (2) above.

REF PHASE push button.

Adjust phase angle generator

Adjust front panel REFERENCE OFFSET #45° control

315.0°. Adjust phase angle generator for 315.0° phase
shift. Depress front panel PHASE ANGLE push button.
Indication is the same as in step (2) above.
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Table 5-3. Performance Checks (Continued)

Step
REeRRuEe Indication
e. Fregquency Card Checks
NOTE
In the following procedure, when main board
frequency is specified, substitute the new
operating freguency.
Repeat steps a through d, above, for each DPAV operating fregquency.
5.7 ABBREVIATED CALIBRATION PROCEDURE NOTE
Unless otherwise specified, all
Perform the calibration of table 5-4 gquar- checks are performed at main board
terly-or when the performance check indi- frequency with 1V signal and ref-
cates an out-of-tolerance condition. If erence input. Use 931B AC Fluke, or
proper indications cannot be obtained, equivalent to monitor signal input
perform the appropriate calibration pro- to within 0.02% at all times. Refer
cedure of paragraph 5.8. to figure 5-2 for test set up.
Table 5-4. Abbreviated Calibration Procedure
Procedure . ;
Step IGleRLion Corrective action
1 Initial Set-Up
Set DPAV front panel controls as follows:
Function Selector - TOTAL
Voltage Scale - 1000 MV
IN-OUT - OUT
Frequency Range - Main board
Power - OFF
2 Calibration Procedure
a. Apply 1000mV at main board frequency, to REF HI and LO terminals and short the
SIG HI and LO terminals. Set Power switch to ON.
b. Main Board DC Offsets
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Table 5-4. Abbreviated Calibration Procedure (Continued)
Procedure
Ste Indicati i ;
P A Corrective action
(1) Depress TOTAL push button.
Monitor, with dvm, E41 (HI) and E40 (LO) on main board by isoclation
module, for O0Vdc #0.2mV.
Adjust R1l4 on signal broadband isolation board.
Monitor, with dvm, TPl3 on A/D converter for OVdc *0.2mV.
Adjust R116 on main board.
(2) Depress IN PHASE push button.
Monitor, with a dvm, TP13 on A/D converter for 0Vdc %0.2mV.
Adjust R93 on main board.
(3) Depress QUAD push button.
Monitor, with a dvm, TP12 on A/D converter for 0Vdc #0.2mV.
Adjust R104 on main board.
(4) Repeat steps (1) through (3) monitoring the DPAV Digital Readout display.
If readingsare not 0*0.3 mV, continue with the following procedure. If
readings are 0#0.3 mV, proceed to step d.
Cs A/D Dc Offsets

5-18

(1) Depress IN PHASE push button.
Monitor, with dvm, TPll on the A/D converter for 0Vdc #0.2mV.
Adjust R168 on the A/D converter.

Monitor, with dvm, Z37-6 on A/D converter for =170 20 mV.
Adjust R147 on the A/D converter.
(2) Repeat both adjustments of step (1) for optimum zero.

(3) Press QUAD push button.
Monitor, with dvm, TPl0O on the A/D converter for 0Vdc #0.2mV.
Adjust R143 on A/D converter.

Monitor, with dvm, 235-6 on A/D converter for -170 *20mV.
Adjust R126 on the A/D converter.

(4) Repeat both adjustments of step (3) for optimum zero.

(5) Repeat steps (1) thru (4) monitoring the DPAV Digital Readout display. If
readings are not 0.0 *0.4mV, refer to the A/D converter alignment procedures
of paragraph 5.8.7.

Preliminary Main Board Gain Adjustment

(1) Remove short from SIG HI and LO terminals. Apply 1000mV *0.02% to SIG HI
and LO terminals and press the 1000 MV push button.

(2) Depress the IN PHASE push button.
Monitor, with dvm, TP1l3 on A/D converter for 8.75 *0.02 Vdc.
Adjust R88 on main board.

(3) Apply 1000mV at 270° to the REF HI and LO terminals

(4) Depress the QUAD push button.
Monitor, with dvm, TP12 on A/D converter for 8.75 *0.02 Vdc.
Adjust R99 on main board.

(5) Repeat steps (1) thru (4), monitoring the DPAV Digital Readout display. If
readings are not 1000 *0.4 mV, continue with the following procedure. If
readings are 1000 *0.4mV proceed to step f.
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Table 5-4, Abbreviated Calibration Procedure (Continued)

Step

Procedure

Indication ; ;
Corrective action

Final Main Board Gain Adjustment

(1)
(2)

(3)

(4)

(5)

(6)

Apply 1000mV at 0° to the REF HI and LO terminals.

Depress the IN PHASE push button.
Monitor, on DPAV Digital Readout display, for a reading of
1000 #0.4 mv.
Adjust R153 on A/D converter

Depress the QUAD push button.
Monitor, on DPAV Digital Readout display, for a reading of
0.0 ¥0.2mV.
Adjust R129 on main board.

Depress the IN PHASE push button and apply 1000mV at 180° to the REF HI
and LO terminals.
Monitor, on DPAV Digital Readout display, for a reading of
-1000 #0.4 mV.
Adjust R16l1l on A/D converter.

Depress the QUAD push button and apply 1000mV at 270° to the REF HI and
LO terminals.
Monitor, on DPAV Digital Readout display, for a reading of
+1000 *0.4 mV.
Adjust R128 on A/D converter.

Apply 1000mV at 90° to the REF HI and LO terminals.
Monitor, on DPAV Digital Readout display, for a reading of
-1000 #0.4 mV.
Adjust R132 on A/D converter.

Frequency Board Alignment

(1)
(2)

(3)

(4)

(5)

(e)

Depress desired Frequency Range push button.

Apply 1000 *#10mV, at the corresponding frequency, to the REF HI and LO
terminals. Remove the signal from the SIG HI and LO terminals and short
these terminals.

Depress the IN PHASE push button.
Monitor, with dvm, at TPl1l3 of A/D converter for a reading of
O0vdc 0.2 mV.
Adjust R8 on the frequency board.

Depress the QUAD push button.
Monitor, with dvm, at TP1l2 of the A/D converter for a reading of
O0Vvdc #0.2mvV.
Adjust R18 on frequency board.

Remove short from the SIG HI and LO terminals and apply 1000 #0.2mV to
these terminals.

Depress the IN PHASE push button.
Monitor, on DPAV Digital Readout display, for a reading of
1000 %0.4 mV.
Adjust R2 on the frequency board.

5-1%
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Table 5=-4. Abbreviated Calibration Procedure (Continued)

Procedure ; ;
Step € Indication

Corrective action

(7) Depress the QUAD push button.

0.0 0.3 mV.

(10) Depress the TOTAL push button.

1001.0 #0.2mv.

paragraph 5.8.11,

Adjust R10 on freguency board.
produce desired result, adjust C36 (if available)
on the frequency board.

Monitor, on DPAV Digital Readout display, for a reading of

If R10 does not

{8) FRepeat steps (1) thru (7) for remaining frequencies.

{2) Remove input from the REF HI and LO terminals and apply 1000 #0.2mV at
400Hz to the SIG HI and LO terminals.

Monitor, on DPAV Digital Readout display, for a reading of

Adjust R120 on main board.

(11) Repeat steps (9) and (10} with a 10V input and obtain a reading of 10,010 mV.
If correct reading cannot be obtained, refer to the Alignment procedure of

5.8 ALIGNMENT AND CALIBRATION

The following procedure will assist a qual-
ified technician to calibrate the DPAV,

Familiarization with the operating instruc-
tions and theory of operation is desirable.

Perform these procedures at regular sixe
month intervals. They should also be used
to correct any out-of-tolerance condition
that might be detected, either during nor-
mal operation or during execution of the
performance checks (para. 5.6). If the
adjustments described in this paragrarprh
fail to correct the out~of-tolerance con-
dition, refer to the troubleshooting pro-
cedures.

Read each calibration procedure in its
entirety before proceeding. If a problem
is encountered during a specific procedure,
proceed with the remaining procedures, and
then repeat the entire procedure, If the
problem is still encountered, refer to the
troubleshooting procedure in Section 6.

NOTE

Do not attempt to operate the DPAV
in Total mocde when the input fre~
guency is less than 26 Hz,

5=20

WARNING

High voltages exist at several points
within the DPAV, Exercise caution in
making measurements and adjustments.
A potential shock hazard exists when
the unit is operated with an unground-
ed power source or case. Ensure that
the rear panel link connects the CKT
GND and CHAS GND terminals. Ensure
that the chassis of the ac calibrator
is grounded, If the ac calibrator is
not used, ensure that the chassis of
both the oscillator and.the power am-
plifier are grounded.

5.8.1 Test Equipment Required

Manufacturer suggested test eguipment is
listed in table 5-2. If the listed test
eguipment is not available, eguivalents
may be substituted.

5.8.2 Preliminary Check

Remove line cord from the power souce.
Disconnect rear panel link and measure the
resistance between chassis ground and REF
HI and SIG HI connectors. All resistance
readings should be greater than 100 M.
Measure resistance between chassis ground



and scme convenient spot on the power sup-

ply heat sink.
than ¢.1 8.

5.8.3

de.

Ce

f.

gc

5.8.4

Resistance should be less
Reconnect rear link.

Calibration of Power Supply

Connect DPAV to power source and turn
it on. Be sure a reasonable warm-up
time is allowed before calibration.

Using clip leads, short front panel
SIG HI and SIG LO connectors and also
short REF HI and REF LO connectors.
Depress front panel ON push button.

Using dc meter and TP9 as ground, moni-
tor +15V {at +15V Jjumper on rear of
main board). Check for oscillation or
excessive noise. Adjust potentiometer
R177 for a reading of +15V *20mV.

Using dc meter, monitor =15V at a
point nearest capacitor C€92. Aadjust
pptentiometer R175 for =15V *20%.

Uzing dc meter, monitor +5V at a
point on right side towards R182.
Reading should be +5V +50mV dc.

Using dc meter, measure voltage at
cocllector of 058, Reading should be
between +181 and +199 Vv dc, and the
digplay is lit.

Using oscilloscope, measure ac ripple
for +15v, =15V, and +5V. In each
case, ripple should be less than
30mvV p-p. (DPAVs with IEEE option,
the ripple of the 45V supply will be
less than 120mV p-p and the *15V
supply will remain the same.)

Reference Channel Adjustments

Short front panel REF HI and LO con-
nectors. Using dc voltmeter, monitor
voltage between E-51 {(Lo) and E-50
(Hi) on main board and adjust R14 on
reference isolation board for between
=-0.2 and +0.2mvVdc.

NOTE

Use ground near R157 for
balance of reference chan-
nel testing.

5.8.5

d.
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Depress IN PHASE push button. Monitor
247 output on pin 6 (anode of CR61)
with oscilloscope and adjust potenti-
ometer R275 so that voltage is just on
positive side of 0 line (approximately
+150mv).

Remove short from REF HI and LO con-
nectors and apply 0.99 to 1000 mV rnms,
at main board freguency te reference
input and monitor TPl2 with differ-
ential voltmeter, Adjust level poten-
tiometer R232 for 230 milliwvelts

(0.64 volt p=p) rms at TP12. Check
for distortion or oscillation with
oscilloscope.

Adjust potentiometer R221 fully counter
clockwise, Monitor Z46 output at pin 6
{cathode of CR60) with oscilloscope.
Waveform should be a full-wave recti-
fied voltage (0.1Vp-p) riding on a

dc voltage.

Set oscilloscope for 2 vVdcec input and
use bottom graticule as zero and moni-
tor Z46-6. Increase reference input
voltage to 6.7 0,2V rms and adjust
potentiometer R221 so that voltage
climbs to about 9 volts, reaches a trip
point, and drops to about 2.3 volts.
This level change will be slow and
should not trip before 6.7 Vrms ref-
erence input. If 9-volt level cannot
be reached at 246-6, replace resistor
R224 (selected value} in l0-chm incre-
ments (up or down).

After adjustments of steps b through e
have been made, apply 7 Vrms, at main
board freguency to reference input and
monitor Z46 pin 6 {cathode of CR60).
Lower input voltage slowly, observing
oscilloscope voltage dropping toward
zero. As oscilloscope voltage nears
zero, lower input veltage wvery slowly
until it snaps back in positive region.
This should occur at a reference in-
put of between 5.45 and 5.95 V rms,

Reference Phase Lock Loop and
AC Filter

Adjust ac calibrator for a 10V rms,
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at main board frequency for reference
voltage. Depress IN PHASE and REF-
ERENCE OFFSET OUT push buttons.

Adjust potentiometer R161 to midrange
and monitor TPl9 (near 27) with oscil-
loscope. Adjust R161 in VCO until the
average value at TP19 (rectified ac
riding on a dc level) is =-0.5 to +0.5
Vde. If necessary, select capacitor
C177 so that R161 will adjust to ap-
proximately center position,

Adjust input freguency between 372
and 428 Hz and observe TPl9 voltage
decreases approximately 12 volts dc
and then increases approximately 12
volts dc.

With reference input shorted, use
oscilloscope to monitor output of zZ7
at TP19. Adjust offset potentiometer
R157 until TPl9 voltage is near zero
volts and drifting has been reduced to
a minimum. Use a more sensitive range
(0.5V/cm min.) on oscilloscope when
voltage approaches zero.

6 Signal Channel Adjustments

6.1 Signal Broadband Isclation

Module DC Offset

With SIG HI and LO connectors and REF HI

and LO connectors shorted, depress TOTAL
and 10MV push buttons. On main board,
near signal breadband isclation hoard,
menitor voltage using dc meter connected
between E-~41 (Hi) and E-40 (lLo}. Adjust
potentiometer R14 on signal broadband

iscl
and

5.8.

Aa

5=-22

ation board for a reading between =0.2
+0.2 mV dc.

6.2 Signal Filter Adjustments
Depress TOTAL and 1000 MV push buttons.
Connect DPAV and test equipment as
shown in figure 5-4, test circuit C.
Set ratio box to 0.1. Adjust ac cali-
brator for 10.000 volts rms at main
board frequency. If OVER LOAD indi-
cator light goes on, remove operational
amplifier Z36,

5.8.6.3

Qe

5.8.6.4

NOTE

Use TPY9 as ground for all
signal channel testing.

Using oscilloscope, monitor negative
side of capacitor Cll. Voltage should
be an undistorted 4.7 volts peak-to-
peak sine wave and free from oscilla-
tion or excessive noise.

Using oscilloscope, monitor TPl. Volt-
age should be an undistorted 690-milli-
volts peak~to-peak sine wave.

Total Mode Filter DC Offset

Depress TOTAL and 1000 MV push buttons.
Disconnect ac calibrator. Using clip
leads, short REF HI and LO connectors
and also SIG HI and LO connectors.

Using oscilloscope, monitor anode of
CR25. Adjust potentiometer R2B3 wave-
form for 0Vdc. No sign of oscillation
should be present, but waveform will

be noisy (approximately 400 mV p-p).

Monitor TP13 on the A/D converter {us-
ing TP14 as ground) with dc meter and
adjust potentiometer R116 for between
-0.2 and +0.2mVdc.

Inphase and Quadrature
Filter DC Offset

Short SIG HI and IO connectors. Con-
nect ac calibrator to REF HI and LO
connectors. Adjust ac calibrator for
10 volts rms at main board frequency.
Depress 1000 MV push button.

Depress IN PHASE push button and moni-
tor TP13 on A/D converter using dc
meter. Aadjust potentiometer R93 (near
2l4) for voltage between -0.2 and +0.2
millivelt dc.

Depress QUAD push button and monitor
TP12 (using TPl4 as ground), on A/D
converter, with dc meter. Adjust po=
tentiometer R104 (near Z16 on main
board) for ~0.2 to +0.2mVdc.
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5.8.6.5 Inphase and Quadrature Gain 5.8.7 A/D Converter Adjustments
Adjustments

5.8.7.1 Clock and DC Reference
a. Remove short from SIG HI and LO con- Adjustments
nectors. Connect DPAV as shown in fig-

ure'5-4 (test circuit A). AdjusF ac a. Connect the DPAV to test eguipment as
calibrator for 10,000 Vrms at main shown in figure 5-4, test circuit C.

board frequency. Depress IN PHASE Set ratio box to 0.0. Adjust ac cali-

push button. Set ratio box to 0.1 and brator for 1000.0 millivolts at de-

depress 1000 MV push button. sired main board freguency. Depress

. : . . 1000 MV and IN PHASE push buttons.
b. Using oscilloscope, meonitor filter

Qutput TP2. Voltage should be b. Using dc meter, monitor signal between
approximately 5.1 volts peak-to-peak TP14 {(gnd) and TP7, both on A/D con-
sine wave, undistorted, free of oscil-

lation and excessive noise, and have
an average value between -0.1 and
+0.1vVdc. Use differential voltmeter
to monitor voltage at TP2 and adjust
potentiometer R319 for reading between
1.7948 and 1.7952Vrms.

verter, and adjust potentiometer R68
for a reading of 9.50Vdc.

¢., Monitor clock pulses at TPl with oscil-
loscope. Note a negative pulse train
having a period of roughly 25 micro-
seconds and a pulse generation of about

. . 0.75 microsecond.
c. Monitoring TP1l3 on A/D converter, set

input frequency at main board frequen- d. Set ratio box for 1000mV output. Mon-
cy and adjust potentiometer R88 for

itor TP5 with oscillocscope and cbhserve
exactly +8.75Vvdc.

a symmetrical triangular waveform with
-0.1 to +0.1V positive peak and -9,5V

ds Sem phasg angle generat?r for 90° negative peak. If negative peak is not
phase shift and set ratio box to 0.l. -9.5V, adjust potentiometer R3 for
Place unit in Quadrature input, 1000mV proper value.

range, and apply 10V rms to reference

input. 2pply 1000.0mvV to signal in- 5.8.7.2 Voltage Mode Bias Adjustment

put. Adjust R99 on main board for ex-

actly -8.75Vdc at TP12 on A/D converter. rhis paragraph describes the adjustments
for voltage mode bias to eliminate offset

5.8.6.6 No SYNC Test errors in A/D converter circuitry.

adjust ac calibrator for a 10Vrms, at
desired main board frequency reference
input. Depress QUAD and appropriate Fre-
guency Range push buttons. Change input

J frequency 20% and note NO SYNC in-
dicator light goes on. Return input fre- b
guency to original setting and note indi-
cator light goes off, after a 2-second
delay. Remove reference input and note
NO SYNC indicator light goes on.

a. With the same setup as for paragraph
5.8.7.1, turn power off, remove oper-
ational amplifier 238, ground TPS with
jumper to TPl4, and turn power on.

Using oscilloscope, measure and record
period of clock pulse train on TPl.

c. Set potentiometer R34 fully counter-
clockwise.

d. Place oscilloscope probe on TP& and

5-24



c2

5 Balad

Pl

adjust oscilloscope to observe a 4 Hz
negative-going pulse (0 to -9,5V),.

By varying potentiometer R34, adjust
width of pulse to 1-1/2 times the
length of clock period measured in
step b, above.

Remove Jjumpers, turn power off, and
replace Z38., Turn power on again.

Angle Mode Bias Adjustment

Set up equipment as in paragraph
5.8.7.1. &Apply 10V reference and
1V signal at desired main board fre-
quency. Depress REF PHASE and OFFSET
IN push buttons. Adjust REFERENCE
OFFSET contrel to 10°.

Place scope probe on TPl and externally
synchronize on TP6 (dc, negative edge).
The sync pulse is about 3 Hz,

Adjust scope for negative-geing clock
pulses, Increase sweep speed to ob-
serve first two clock pulses. (Dis-~
regard any pulse seen at very begin-
ning of sweep.) The time from the be-
ginning of sweep to the first pulse is
approximately 250us (fig. 5-5) and
the time from the first to second pulse
is about 500 us. Measure and record
the exact time between the first and
second pulses.

Figure 5-5,

d.

ro-zso us-u|4— 500 uS ——»

Angle Mode Clock Waveform

Turn power off and remove 236. With
jumper lead, ground TP9 to ground TPl4.
Turn power oOh.

Using oscilloscope, monitor TP6 and
note negative going pulse (0 to about
-8V). BAdjust potentiometer R48 until

NAI TM 5001

spacing between the beginning of the
sweep to the positive leading edge
equals to that recorded in step ¢,
above. If negative-~going pulses are
approximately 2.7V instead of -8V,
R48 cannot be adjusted. Adjust poten-
tiometer R210 or 3.333 gain circuitry
of 261 on main board (para. 5.8.9.2).

f. Turn power off. Remove jumper and re-
Place Z36. Turn power on.
5.8.7.4 Phase Mode Offset Adjustments

The following steps are necessary to ad-
just the dc offsets on the angle mode seg-
ment detectors and angle computer amplifier

Z227.

a.

f.

5.8.7.5

d.

With the same setup as for paragraph
5.8.7.1, set signal ratio box to 0.0,
Turn power off. Remove operational
amplifiers 236 and Z38 on A/D conver- |
ter. Turn power on and, with two

“jumpers, ground TP1l0 and TPll to TP1l4.

Using oscilloscope, monitor octant de-
tector Z34 output at TPl9 and adjust
potentiometer R115 so that voltage is
just in transition between +13 and -13V,

Monitor Z30 at TP18 with oscilloscope,
and adjust potentjometer R86 so that
voltage is just in transition between
+13 and ~-13V.

Monitor Z31 at TP17 with oscilloscope,
and adjust potentiometer R95 so that
voltage is just in transition between
+13 and =13 V.

Using dc meter, meonitor voltage at TP8
and adjust potentiometer R79 for =-0.,1
to +0.1 mVdc,

Remove jumpers, turn power off, ang
replace Z36 and 238. Turn power on.

Inphase Channel Hysteresis
Adjustment

Using clip leads, short SIG HI and LO

connectors and REF HI and LO connectors,
Depress IN PHASE push button.
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5.8.

5.8.

a.

5.8.

.

b.

5=26

Using dc meter, monitor TP11l and ad-
just potentiometer R168 for -0.2 to
+0.2mV dc.

Using dc meter, monitor voltage at
cathode of CR25 and adjust potentiom—
eter R147 for =105 to -200mv dc
{(=170mV dc is optimal). Repeat step
b above, until no interaction occurs.

7.6 Quadrature Channel
Hysteresis Adjustment
With the same setup as for paragraph

5.8.7.1 depress QUAD push button.

Using dc meter, monitor voltage at
TP10 and adjust potentiometer R143
for =-0.2 to +0.2 mvVdc.

Using dc meter, monitor voltage at
cathode of CR26 and adjust potentiom—
eter R126 for -150 to -200mV dc
(=170mv dec is optimal). Repeat step
b above until no interaction occurs.
7.7 Inphase Gain

Connect DPAV to test equipment as
shown in figure 5-4, test circuit Aa.
Set ratio box for 1000mV output.
Depress 1000 Mv, IN PHASE, and desired
main board freguency push buttons.
Adjust ac calibrator for 10.000 Vrms
at corresponding main board fregquency.

Adjust phase angle generator for a
180° phase shift giving a negative
reading on display, and adjust poten-
tiometer R161 for exact full-scale
reading of ~1000.0mV,

Invert signal by adjusting phase angle
generator for a 0.0° phase shift, and
adjust potentiometer R153 for exact
full-scale positive reading.

7.8 Quadrature Gain

Use the same setup as for paragraph
5.8.7.1, but depress QUAD push button.

Adjust phase angle generator for a

90.0° phase shift and adjust potenti-
ometer R132 for digital readout of
-1000,0mvV,

c. Adjust phase angle generator for 270°
phase shift and adjust potentiometer
R128 for digital readout of +1000.0mv.

5.8.8 Fregquency Board Adjustment

The following tests and calibration proce-
dures apply to all fredquency boards.

NOTE

Unless otherwise specified,
test points and components
are located on the fregquency
board being calibrated.

5.8.8.1 Preliminary Checks

8

Set up equipment as shown in figure
5-4, test circuit C. Set ratio box
to 0.1. Depress desired Freguency
Range, IN PHASE, and 1000 MV push
buttons. Adjust ac calibrator for
10.000V rms at corresponding main
hoard frequency.

NOTE

Pulse repetition rate at TP6
is 12 times input frequency.

Using oscilloscope, check signal fil-
ter output at TP5. It should bhe a
sine wave approximately 5.1V peak-to-
peak, undistorted and free of oscil-
lation and noise.

Using oscilloscope, check reference
filter output at TPl. It should be

a sine wave approximately 4.8V peak-
to-peak, undistorted and free of oscil-
lation and noise.

Using oscilloscope, check integrator
Z4 output at TP4. If loop is properly
locked on, it should be a 0.7V peak-
to-peak rectified-type waveform with

a -0,5 to +0.5Vdc average value. If
average value is not -0.5 to +0.5Vdc,
adjust VCO potentiometer R44,

Depress any other Freguency Range push
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button and check that signals at TPl
and TP5 have disappeared.

5.8.8.2 DC Offset Adjustments

a. Disconnect test egquipment from REF HIY
and LO and from SIG HI and LO connec-
tors. Using clip lead, short REF HI
and LO connectors.

b. Using oscilloscope, monitor TP4 and
adjust potentiometer R41 until TP4

voltage is relatively stable at 0.0 Vdc.

Reduce drift as much as possible.

c. Depress IN PHASE and 10600 MV push but-

tons. Reconnect ac calibrator to REF
HI and LO connectors and short SIG HI

and LC connectors. Adjust ac calibra-

tor for 10V rms.at desired main board
frequency.

d. Monitor readout and adjust potenti-
ometer R8 on frequency board for -0.2
to +0.2mV display.

e. Depress QUAD push button and repeat
step d, adjusting potentiometer R18
on freguency board.

5.8.8.3 Gain Adjustment, Inphase
Mode

a. Set up the equipment as shown in fig-
ure 5-4, test circuit C.

b. Depress 1000MV, IN PHASE, and appro-
priate Frequency Range push buttons.
Set ratic box to 0.1 and adjust ac
calibrator for 10.000V rms at corres-
ponding test fregquency.

€. Moniter readout and adjust fregquency
board gain potentiometer R2 for
1000.0mV display.
5.8.9 Autoranging Adjustments
5.8.9.1 Voltage Mode
NOTE
Unless otherwise noted all

potentiometers and components
are located on the main board.

NAI T™M 5001

a. Connect ac calibrator to REF HI and LO
connectors. Connect a ratio box be-
tween ac calibrator and SIG HI and LO
connectors. Set ratio box teo 0.1 and
adjust ac calibrator for 10.000V rms
at highest phase sensitive freguency.
Depress FUND, 1000MV, and correspond-
ing Frequency Range push buttons.

b. Increase signal input to 1200 mV rms and
adjust potentiometer R204 until OVER
LOAD indicator goes on at exactly 120%
of full scale (1200mV).

C. Depress AUTO push button and decrease
signal input to 103 mV, Adjust poten-
tiometer R209 until unit autoranges
down to next range at exactly 10.3% of
full scale (103 mv).

5.8.9.2 Signal FET Amplifier Bias
Check

This adjustment sets the dc output of Z6l
so that the dc bias voltage at Z61 does

not change when K2 is energized. This
prevents autorange oscillation in the Phase
Angle mode.

a. Depress TOTAL and 1000 MV push buttons,
and set ratio bex to 0.0. Pull out in-
tegrated circuit 234 and monitor posi-
tive side of Cl1 (between -15 and +15
millivolts approximately) with a dif-
ferential voltmeter. With a clip lead,
ground K2 relay coil (at ancde of CR3).
Change in monitored voltage should be
less than 0.03Vvdc when K2 is energized.
Replace Z34 with power off and clip
lead removed from K2.

b. Depress TOTAL and highest sensitive
Frequency Range push buttons and apply
a 10V, at corresponding frequency, to
reference input and a signal input of
0.333Vrms. Adjust potentiometer R210 I
to its maximum counterclockwise posi-
tion, depress PHASE ANGLE push butten,
and then adjust R210 slowly clockwise
until threshold is reached. At this

- time, the ac voltage level at TPl in-
creases by a factor of 3 compared to
veltage just before threshold. Monitor
TPl using either differential voltmeter
or oscilloscope.
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5.8.10 Reference Channel Phase
Matching
5.8.10.1 Reference Input Attenuator

Adjustments

The adjustments on the reference attenuator
should be made at the highest phase sensi-

tive fregquency. The adjustment matches the
phase shift of the reference front end with
the signal front end.

a. Using ratioc box with low phase shift
at frequency of measurement such as
N2I RBS503C, apply 10V to reference
and 1V to signal inputs. Depress the
1000 MV and REF PHASE push buttons.
Depress the appropriate Frequency Range
push button.

b. With dc meter, monitor voltage between
TPl4 {gnd) and TPl2 on A/D converter.
Adjust potentiometer R10 on correspond-
ing freguency board for Omvdc at TPl2
or R129 on main beoard on units with no
frequency cards.

c. Depress QUAD push button and adjust
trimcap Cll on reference isoclation
board {on the front left side of main
board) for O0mvdc at TPl2.

d. 2Apply 10V to reference input and ad-
just capacitor €2 on reference isola-
tion board for Omv dc at TP1l2.

e. Repeat steps ¢ and d for no interaction.
5.8.10.2 Reference AGC Phase
Adjustments

a, Connect the ratio box between the ac
calibrator and REF HI and LO connec-
tors., Connect ac calibrator to S5IG
HI and L0 connectors. Set the ac cal-
ibrator for 1000.0mvV at the highest
phase sensitive freguency. Set ratio
box to 1.0.

b. Depress QUAD push button.
and record DPAV readout.

Observe

¢c. Lower ratio box setting to 0.2 {(200mV).
Adjust capacitor C179 on main board
for same gquadrature readout with
200mV reference level as with 1000 mV

5.8.10.3

a.

d.

5.8.10.4

reference level (20.1mV). (If capaci-
tor Cl179 cannot be adjusted, change
capacitor Cl48 in 1 pf increments.

Check that adjustment of capacitor Cl179
did not affect adjustments of paragraph
5.8.10.1. Repeat if interaction has
occurred.

Phase Matching

Connect ac calibrator to REF HI and LO
connectors and connect a ratio box be-
tween ac calibrator and SIG HI and LO
connectors. Depress QUAD, 1000 MV, and
appropriate Frequency Range push but-
tons. Set ratio box at 0.1 and adjust
ac calibrator for 10V rms at corres-
ponding main board freguency.

Monitor digital readout and ajust phase
of reference ac filter Z18 con main
board by adjusting potentiometer R129
for a 0.0mV display. This aligns
phase shift of signal and reference
channels.

Place unit in 10V range, adjust ratio
box for a 10V rms signal input, and
monitor readout. If this voltage dif-
fers from that in step b, adjust R129
to balance phase between 1000mV and
10V ranges., If final readings are
out of spec, refer to paragraph 5.8.11
and examine 1000:1 trim adjustment.

.Repeat paragraphs 5.8.8 thru 5.8.10.3

for the remaining main board freguencie:

Total Mode Fregquency Trim
Procedure

Disconnect REF HI and LO connectors
and connect output of ac calibrater
directly to SIG HI and LO connectors.
Depress TOTAL push button. Adjust ac
calibrator for 1000.00mV at 200 Hz.

Adjust gain potentiometer R120 (near
z12) for 99%9.8 to 1000.2mV on the
front panel display.

Sweep input fregquency from 30 Hz to
100 kHz and note peaking of readout.
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Use adjustable capacitor Cl83 (near e. Sweep input frequency from 26 Hz to
Z211) and install, if necessary, select- 100 kHz., For all freguencies within
at—-test capacitors (€143 and Cl44 (near each of the following ranges of fre-
Z1l) until frequency response is flat. guencies, the DPAV display should re-
Use figure 5-6, as reference, in trim- main within the limits listed below.
ming. This graph represents an average ]
: ; F
response of the total mode circuitry reduency Range DEAY display
B L Y 26 Hz to 60 H=z 995,0 to 1005.0mv
: 60 Hz to 10 kHz 997.5 to 1002.5mv
N 4 10kHz to 30 kHz 995.0 to 1005.0mv
. t =
d; BEGEE Cl45 and ClAd: Srimming' ad jst 30kHz to 100kHz  990.0 to 1010.0mV
ments have been made, take voltage
readings at 60 Hz and 20 kHz. Re- f. If retrim of capacitors Cl143 and Cl44
adjust potentiometer R120 to balance is required, the response of the
the readings around 1000.0mV. 1000 mV scale has to be rechecked.
0.3% |-
0.2% |-
P i
// -..__\
0.1% - - ~ 1
i W i Ji'
- B i)
= i
o 7// \\. I 1
e A\ t
rd A !
/ \ !
’ \ :
/ \
01% L /’ y |
/ AY |
’ \
\ i
\ i
om |- \ /
N I’
\\ y
\ ’
0.3% L J 1 ~ J
10 Hz 100 Kz 1kMz 10 kHz 100 kHz
Figure 5-6. Average Total Mode Response {Broadband Isolation) 1000 mV Range
5.8.11 Signal Broadband Isolation mately 1000.9mV. Record exact reading.
Board 1000:1 Attenuator
c. Depress 10V push button. Adjust ac
This adjustment is made by matching the calibrator for 10,0000V rms at 90 Hz
total mode response at high and low fre- and adjust potentiometer R7, located
quencies, specifically 90 Hz (adjust po- on signal broadband isclation board,
tentiometer R7) and 30kHz (adjust capaci- for exactly 10 times the reading re-
tor C2}. corded in step b,
&. Connect ac calibrator output to SIG HI d. BAdjust ac calibrator for 1000.0mV rms
and LO connectors. at 30kHz. Depress 1000MV push button.
DPAV should display approximately
b. Depress TOTAL and 1000 MV push buttons. 998.2mV., Record exact reading.
Adjust ac calibrator for 1.0000V rms
at 90Hz. DPAV should display approxi- e. Depress 10V push button. Adjust ac
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calibrator for 10,0000V rms input to
DPAV, BAdjust capacitor C2, located on
signal broadband isolation board, for
exactly 10 times the reading recorded
in step d.

5.8.12 +45° Reference Offset
Adjustment

a. Set ratio box to 0.1 and phase angle
generator for a 0.0° phase shift. Ad-
just ac calibrator for an output of
1000 mV rms at appropriate main board
freguency.

b. Depress REF PHASE, REFERENCE OFFSET IN,
and corresponding Freguency Range push
buttons. Adjust REFERENCE QFFSET *45°
control fully clockwise until display
reads 483.0°, If reading cannhot be ob-
tained, adjust potentiometer R149
{near Z7 on main board) for DPAV dig-
play of +48.0° #0.2°,

c. Observe DPAV display while rotating
REFERENCE OFFSET +45° control fully

counterclockwise, Display angle should

read at least 312.0° +0.2° at the ex-
treme ccw position. Set REFERENCE
OFFSET *45° contrel to 45°.

d. Using phase angle generator, apply a
45,0° phase shift to the REF HI and

LO connectors, Depress the PHASE ANGLE

push button, DPAV display reads 0°
or 260° x0.25°,

e. Repeat steps a thru 4 for each main
board frequency and adjusting R35 on
each corresponding freguency board for
a reading of 48.0°.

5.8.13 Null Meter Adjustment

Use the DPAV at main board frequency mode
with signal input connected to an invert-
ing ratio box. The reference input should
be held constant at 10V rIms, at main board
frequency. Follow each step for proper
null meter operation.

NCTE

With DPAV power off, adjust
the zero adjust screw on the
front of the null meter for
exactly 0 reading.

5=30

a. Depress IN PHASE and 10V push buttons.
Set the ratio box output to 0V rms,
inphase., Adjust Rl on the null meter
so that meter sits directly over the
center line mark.

. Set the ratio box for 10 Vrms output
and adjust R3 for full deflection to
the right. Reverse the input polarity
by means of the ratio box and check for
full deflection to the left.

c. Repeat step b, above, with DPAV in
Total and Fundamental modes for a full
deflection to the right.

d. Depress REF PHASE and REFERENCE OFFSET
IN push buttons. Turn the REFERENCE
OFFSET #45° control for a 45° reading.
Press QUAD push button and observe the
null meter reads to the left approxi-
mately 50% of full scale, Press IN
PHASE push button and note null meter
reads approximately the same to the
right of its null position,

e. Repeat step d, above, for Phase Angle
and Ref Phase modes, The null meter
should stay in its center null posi-
tion, regardless of input signal con-
ditiomns.

£. The null meter is center-weighted to
be more sensitive of its null position.
To check this, depress IN PHASE and 10V
push buttons, and remove the reference
offset. Set the ratio box for OmV
output and observe that the meter reads
a null. Increase the signal input volt-
age from the ratio box to 900mV, Note
meter moves to the right to about the
end of the center (black} area. Re-
verse input polarity by means of the
ratio box and check that the meter
moves to the left about the same amount.
Increase the input wvoltage, in 1V steps
to 5V and check for less pronounced
meter movement at each step. Reverse
the input for an inphase signal and
recheck the 1V steps with the meter
now moving to the right., This checks
the meter sensitivity at null.

5.8.14 Shut Down Procedure

Shut down ac calibrator, depress DPAV OFF

push button, and disconnect test setup.
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This section contains troubleshooting pro-

SECTION 6

NAI T™ 5001

TROUBLESHOOTING

GENERAL

cedures for the DPAV.

6.2

CAUTION

During troubleshooting, it
will become necessary to re-
move a component (DIP) from
its socket or a cable assem-
bly from its connector. To
minimize the possibility of
damage, an extraction tool
should be used. For (DIP}
dual-in=line IC packages,
and cable assemblies, Augat
tool No. Tll4-1 is recommended.

VISUAL INSPECTION

After removing the DPAV top and bottom

covers, the unit should be thoroughly in-

spected. Some obvious causes of trouble
could be:

6.3

Cable connectors not properly seated

IC's not properly seated in their
sockets

Broken wires or loose components

Burnt components indicating thermal
overlocad. The cause should be loca-
ted and corrected.

Metallic particles shorting adjacent
lands on PC board. Both sides of
boards should be inspected {where
convenient) and all exposed boards
completely brush cleaned to remove
dust particles.

TROUBLESHOOTING PROCEDURES

Table 6-1 provides detailed troubleshoot-

ing

procedures for the units of the DPAV.

Table 6-~1. DPAV Troubleshooting Procedure

Step

Procedure

Indication

OK

Not OK

Remedy

POWER SUPPLY INOPERATIVE OR
OUT OF SPECIFICATION

Remove and visually inspect
Slo~Blc fuse Fl.

Press DPAV Power switch to ON and
measure with dmm voltage at emit-
ter of transistor Q58 for a read-
ing of 180 to 200Vdc.

Unsclder rectifier Z23 and measure
with dmm between E10 terminals for
a reading of 130 to 170V rms.

Press DPAV Power switch to OFF,

Remove jumper connected between
two points marked =-15V.

Replace fuse if defective.

Proceed to step 4.
Proceed to step c.

Replace 58, CR92, Z23, or (C9B.
Replace Tl and reinstall 223.
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Table 6-1. DPAV Troubleshooting Procedure (Continued)
Indication
Ste P dur
yel rocedure ok [HGE OF Remedy

£ Press DPAV Power switch to ON and X Proceed to step i.
measure, with DMM, at -15V point X Proceed to step g.
nearest capacitor (92 for a read-
ing of -14.980 to -15.020Vdc.

g. Adjust potentiometer R175 for a DMM X Proceed to step i.
reading of -14.980 to -15.020Vdc. X Proceed to step h.

h. Unsolder rectifier Z21 and monitor X Replace 227 and reinstall 22].
between E9 terminals for a DMM X Replace Tl and reinstall 22].
reading of 15 to 20V rms.

T With oscilloscope at =15V point X Proceed to step j.
nearest capacitor €92, monitor for X Replace C91,
an ac ripple voltage of less than
30mv.

Fis Press DPRV Power switch to OFF.

k. Remove jumper connected between
two points marked +15V.

ey Press DPFAV Power switch to ON and X Proceed to step o.
moniter at +15V point nearest cap- X Proceed to step m.
acitor €93 for a DMM reading of
+14.980 to +15.020V dc.

m. Adjust potentiometer R177 for DMM X Proceed to step o.
reading of +14.98C to +15.020V dc. X Proceed to step n.

n. Unsclder rectifier Z20 and measure X Replace Z26 and connect Z20.
voltage between EB terminals for a X Replace Tl and reinstall Z20,.
DMM reading of 15 to 20V rms.

O. Connect oscilloscope at +15V point | X Proceed to step p.
nearest capacitor €93 and monitor X Replace C88.
an ac ripple voltage of less than
30 mv.

D Press DPAV Power switch to OFF.

d. Remove jumper connected between
two points marked +5V,

s Press DPAV Power switch to ON and X Proceed to step u.
measure voltage at +5V point on X Proceed to step s.
right side toward resistor R1B2
for a reading of 4,950 to 5.050Vdc.

Se Unselder rectifier Z22 and measure X Replace Z28 and reinstall Z22.
voltage between Ell terminals for X Replace Tl and reinstall Z22.
a DMM reading of 8,5 to 11.5V rms.
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Table 6-1. DPAV Troubleshooting Procedure {(Continued)

monitor a reading of 8.600 to
8.900Vdc on DMM,

Indication
Step Procedure oK ot OK Remedy
e Connect oscilloscope at +5V point X Proceed to step u.
con right side toward resistor R182 X Replace C94.
and monitor an ac ripple veltage
of less than 30mv,
u. Connect DMM between E26 {low) and X Proceed to step X.
EZ25 on main board. DMM reads 45.0 X Proceed to step v.
to 48.0Vdc.
V. Remove signal broadband isolation X Proceed to step 14,
board and repeat measurement of X Replace signal broadband iso-
step u. lation board and proceed to
step w.
W, Unsolder rectifier Z24 on main X Replace Z24,
board and measure voltage between X Replace Tl and reinstall Zz24,
El2 terminals for a DMM reading of
30 to 37 vdc.
XKiw Connect DMM between E22 (low) and X Proceed to step 2.
E28 on main board. DMM reads 45.0 X Proceed to step y.
to 48.0Vdc.
Y Remove reference isolation board X Proceed to step 13.
and repeat voltage measurement of X Replace reference isolation
step x above board and proceed to step z.
P Unsolder rectifier Z25 on main X Replace Z25.
board and measure voltage between X Replace Tl and reinstall z25,
E13 terminals. DMM reads 30 to
37 vde.
2 MAIN BOARD SIGNAL CHANNEL INOPERATIVE OR DOES NOT MEET SPECIFICATIONS
a. Set DPAV Function Selector switch
to TOTAL and Voltage Scale switch
to 1000 mV.
b. Connect ac calibrator to DPAV front
panel SIG HI and LO connectors.
c. Connect ac differential voltmeter
to output of ac calibrator.
d. Adjust ac calibrator for a reading X Proceed to step 3.
of 983 and 1017 mV on DPAV display. X Proceed to step e.
€. Connect DMM between TPl4 (ground) X Proceed to step 6.
and TPl1l3 on A/D converter, and X Proceed to step f.
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Table 6-1., DPAV Troubleshooting Procedure (Continued)

Indication

P Procedure o8 THot OK Remedy

£ Connect oscilloscope and DMM in
parallel between TP2 {ground) and
positive side of capacitor C11.

Monitor the following:

(1) o©scilloscope displays a 4.55 X Proceed to step i.
to 5.00Vp~p sine wave, with- X Proceed to step £(2).
out distortion, and DMM reads
-1.0 to +1.0Védc ({fig.. 6-1).

{2) Oscilloscope displays a 15.15 X Remove Z34 and proceed to
to 15.82V p-p sine wave, with-~ step £(3).
out distortion, and DMM reads X Proceed to step g.
-1.0 to +1.0V dc.

{(3) Oscilloscope displays a 4.55 X Proceed to step i.
to 5.00Vp~p sine wave, with- X Replace Z34 and proceed to
out distortion, and DMM reads step £{4).
~1.0 to +1.0V de.

(4) Oscilloscope displays a 4.55 to X Proceed to step g.
4.75V p-p sine wave, without X Replace K2.
distortion, and DMM reads -1.0
to +1.0Vdc.

G Connect oscilloscope and DMM in X Replace Z61l.
parallel between TP9 (grcund) and X Proceed to step h.
operational amplifier Z6l1-3 of main
board. Oscilloscope displays a
2.5 to 3.0V p~-p sine wave, without
distortion, and DMM reads -~1.0 to
+1.0mvVdac,

h. Connect oscilloscope and DMM in X Replace T3.
parallel between ISOL GND and TP1 X pProceed to step 15.
on signal isolation board, Oscil-
loscope displays a 2.5 to 3.0Vp-p
sine wave, without distortion, and
DMM reads -1.0 to +1.0mV dc,

1y Connect oscilloscope bhetween TP9 X Proceed to step m,
{ground) and negative side of ca- X Proceed to step j.
pacitor C17 on main board. Oscil-~
loscope displays a 665 to 695 mV p~p
sine wave, without distortion(fig. 6-1)

J. Remove integrated circuits Z31 and
232 from main board.

Ko Ground anode of CR6, energizing
relay KS.

L Replace Z31 and Z32. Oscilloscope X Proceed to step 5.
displays a 665 to 695 mV p~p sine X 29, K3, ¥4, K5, R46, R47, or
wave, without distortion. R48 defective., Replace de-

fective component.
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Table 6-1. DPAV Troubleshooting Procedure (Continued)

5001

Step

Procedure

Indication

OK

Not OK

Remedy

p.

Connect oscilloscope in parallel
with DMM between TP2 (ground) and
positive side of capacitor C180 of
main board. Oscilloscope displays
a 7.5 to B.5Vp-p sine wave, with-
out distertion, and DMM reads -1.C
to ¥1.0mVdc.,

Connect DMM between TP9 (ground)
and TP3, DMM reads -2.50 to
~-2.6Vdc.

Connect oscilloscope between TP3
{ground) and anode of diode CR25

on main board., Oscilloscope dis-
plays an 8.5 to 10.0 Vp-p sine wave,
without distortion but with a dead
band around the zero crossover due
to the diode switching (fig. 6-1).

NOTE

If either Z11l or Z12 is replaced,
short input signal and adjust po-
tentiometer R283 for 0.0 or adjust
for 100.0mVdc at anode of diode
CR25. Disregard noise. Adjust
potentiometer R116 for 0V dc at TP8.
Then adjust potentiometer R120 for
-2.55Vd¢c at TP3., If this is beyond
range of R120, set R120 at midrange
and replace select-at-test resistor
R310 with a resistor having a value
that will produce specified output.

Disconnect ac calibrator and ac
differential voltmeter from DPAV
front panel and connect jumper
wire between SIG HI and LO con-
nectors,

Connect DMM between TP2 {ground)
and TP3, DMM reads higher than 50 mv,

Connect DMM between TPY9 (ground)
and anode of diode CR25., DMM
reads higher than 100 mv.

Remove jumper wire from SIG HI
and LO connectors.

Connect ac calibrator to SIG HI
and LO connectors.

X

X

Proceed
Replace

Proceed
Proceed

Proceed
Replace

Proceed
Replace

Replace
Replace

to step n.
zZ62,

to step s.
to step o.

to step p.
zZ11

to step r.
zl2.

z12,
211.
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Table 6-1. DPAV Troubleshooting Procedure {(Continued)

Step

Procedure

Indicatiocn

OK

Not OK

Remedy

Connect ac differential voltmeter
to output of ac calibrator.

Adjust ac calibrator for 1.0V rms,

Connect DMM between TPY9 (ground)
and TP8. DMM reads B.60 to 8.90Vdc.

X

Proceed to step 3.
Replace 215, Q17, Ql6, or

ca7.

i,

MAIN BOARD REFERENCE CHANNEL INOPERATIVE QR DCOES NOT MEET SPECIFICATIONS

Connect ac calibrator to SIG HI
and LO and REF HI and LO DPAV
front panel connectors.

Connect differential voltmeter to
ac calibrator.

Adjust ac calibrator for 1000.0mV
rms at 400.0HzZor main board frequency.

Press front panel IN PHASE, 400 HZ,
and 1000 MV switches, DPAV dis-
plays 983 to 1017 mV.

Connect DMM between TP9 {ground)
and TP8 on main board. DMM reads
8.60 to B.,9CVdc.

Connect oscilloscope between GND and
positive side of capacitor Cl46. Os-
cilloscope displays a 430 to 450 mV
p-p sine wave without distortion.

Connect oscillcscope between TPS
{ground) and TPl2. Oscilloscope
displays a 620 to 660 mV p-p sine
wave, without distortion (fig. 6-1).

Disconnect ac calibrator from SIG HI
and LO connectors. Do not disturb
connections to REF HI and LO connec-
tors.

Adjust ac calibrator for 10.0Vzrms
at 400.0Hz or main board fregquency.

Connect oscilloscope between GND

and positive side of capacitor Cl46.
Oscilloscope displays a 140 to 160mV
p-p sine wave, without distortion,

Connect oscilloscope between GND and
TPl on reference isolation board.

Adijust ac calibrator. for 1000 mv,
Oscilloscope displays a 430 to 450 mV
p-p sine wave, without distortion.

Proceed to step 4.
Proceed to step e.

Proceed to step 6.
Proceed to step f.

Proceed to step 9.
Proceed to step k.

Proceed to step h.
Proceed to step m.

Proceed to step w.
Proceed to step k.

Replace T2.
Refer to step 13.
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Table 6-1. DPAV Troubleshooting Procedure (Continued)

Indication
P 4
Step rocedure oK I not OK Remedy

M. Connect oscilloscope between GND X Proceed to step n.
and TP23. Oscilloscope displays X Replace Q41 or Q42,
a 635 to 665 mVp-p sine wave, with
out distortion.

n. Remove operational amplifier 247.

O. Connect oscilloscope and DMM in X Proceed to step r.
parallel between TP9 (ground) and X Replace Q45, Q46, or 244 and
microcircuit Z44=-3. Oscilloscope proceed to step p.
displays a 510 mV p-p sine wave,
without distortion, and DMM reads
-1.0 to +1.0mv,

js ] Connect DMM between GND and TP24. X Replace V1,

DMM reads 0.0 to 0.5Vvdc. X Proceed to step d.

d. Connect oscilloscepe between TP9 X Proceed to step r.
(ground) and TPl2. Oscilloscope X Replace Z44.
displays a 3.5 Vp-p sine wave,
without distortion.

T Reinstall cperational amplifier Z47,.

S. Remove operational amplifier Zz46.

t. Connect oscilloscope and DMM in X Proceed to step u.
parallel between GND and cathode X Replace 247.
of diocde CR62. Oscillescope dis-
plays a 12 to 15 Vp-p sine wave,
without distortion, and DMM reads
-1.0 to +1.0mvdc. (There is a
dead band about the zero crossover
due to the diode switching.)

u. Reinstall operational amplifier ’
246.

Ve Connect DMM between GND and negative X Replace Q47.
side of diode CR60. DMM reads 2.0 X Replace Z46.
toc 3.0Vdc,

W Set output of ac calibrator to X Replace X1 or Ql or reference
1.0Vvrms at 400 Hz or main board isolation board.
frequency, and increase to 10.0V X Replace D51, 047, or Z45.
rms,. Lamp DS1 on reference iso-
lation board goes on,

X Connect VOM between TP9 {ground) X Proceed to step yv.
and TP26, VOM reads 4.5 to 5.5Vdc. X Proceed to step ab.

Ye Disconnect ac calibrator from REF
HI and LO connectors.

z. Connect VOM between TP2 (ground) X Proceed to step aa.
and TP26. VOM reads =-0.5 to X Replace Q51, Q52, Z48, or 2Z50.
+0.5Vvdc.
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Table 6-1, DPAV Troubleshooting Procedure {Continued)
Indication
St P d d
ep rocedure = Tt oF Remedy
aa. DPAV front panel NO SYNC indicator X Proceed to step ab,
goes on. X Replace DS13 on readout board,
ab, Connect ac calibrator to REF HI
and LO connectors and adjust for
10.0Vrms at 400 Hz .
ac. Connect oscilloscope and DMM in X Proceed to step ad.
parallel between GND and TP13. X Replace C64, C65, Q25, or Zl8.
Oscilloscope displays a 4.5 to
4,7 Vp~p sine wave, without dis-
tortion, and DMM reads -1.0 to
+1.0mVdc (fig. 6-1).
ad. Connect oscilloscope and DMM in X Proceed tc step ae.
parallel between GND and Z19-6 or X Replace Z19.
TP30. Oscilloscope displays 4.5
to 4.7 Vp-p sine wave, without
distortion, and DMM reads -1.0 to
+1l.0mVdc.
ae. Remove integrated circuit Z51.
af. Connect oscilloscope between col- X Reinstall 251 and proceed to
lector of transistor Q33 and GND. step ag.
Oscilloscope displays waveform R X Replace C83, cl77, @31, Q32,
of figure 6-1. or 033 and reinstall Z51.
ag. Remove integrated circuit 26. Re-
install 251
NOTE
The timing in steps ah, ak, al, am, ao, ap, as, at,
and au is based on 4C0Hz only. It will be different
for other frequencies,
ah. Connect oscilloscope between TP2 X Proceed to step ai.
{ground) and socket pin X7Z6-5. X Replace Z54 or 255 and re-
Oscilloscope displays a positive- install z6.
going pulse 833 us wide with period
of 1700 us.
ai. Set oscilleoscope to external sync.
aj. Connect socket pin XZ6-5 to oscil~
loscope external sync connector.
ak. Connect oscilloscope between TP9 X Proceed to step al.
{ground) and socket pin 2Z6-1. Os- X Replace %54, 255, or Z57 and
cilloscope displays a positive-go- reinstall Z6.
ing pulse 833us wide with period
of 1700 us and 1250 us delay.
al. Connect oscilloscope, triggered as X Proceed to step am.

in step ai, between TP% {ground)
and socket pin X2Z6-9. Oscilloscope

X Replace 256, 257, or Z58 and
reinstall Zé6.
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Table 6-1. DPAV Troubleshooting Procedure (Continued)
Indication
e P dure
Step rocedur oK | Not OK Remedy
displays a positive-going pulse
833 us wide with period of 1700 us
and 625 us delay.
am. Connect oscilloscope, triggered as X Proceed to step an.
in step ai, between TP9 {ground) X If responses to steps ag thru
and socket pin X26-12. Oscilloscope am are negative, integrated
displays positive-going pulse circuit 251 or Z52 is defective
833 us wide with 1875 us delay. Otherwise, integrated circuit
256, 257, or 258 is defective.
Replace defective component
and reinstall Z6.
an. Remove integrated circuit Z8.
ac. Connect oscilloscope, triggered as X Proceed to step ap.
in step v, between GND and socket X Replace 260,
pin XZ8=5. Oscilloscope displays
a positive-going pulse 833 us wide
with period of 1700 us and 625 us
delay.
ap. Connect oscilloscope, triggered as X Reinstall Z8 and proceed to
in step ai, between GND and socket step ag.
pin XZ8-2., Oscilloscope displays X Replace Z60 and reinstall Z8.
a positive-going pulse 833 us wide
with period of 1700 us delay.
ad. Connect oscilloscope, triggered as X Reinstall 26 and proceed to
in step ai, between GND and Z3-3, step ar.
Oscilloscope displays a negative- X Replace Z60 or Z3 and reinstall
going pulse 5us wide with period z6.
of 2500 us delay.
ar. Press REFERENCE OFFSET OUT switch.
as. Connect oscilloscope between GND X Proceed to step at.
and TP1l5., Oscilloscope displays X Replace CR32, Q27, or 28 if
waveform T of figure 6-1. defective,
at. Connect oscilloscope between GND X Proceed to step au.
and TP16. Oscilloscope displays X Replace CR34, Q30, or zZ8.
waveform T of figure 6-1.
au. Connect oscilloscope between GND X Proceed to step av.
and front panel and TP19. Oscil- X Replace Z7.
loscope displays waveform S of
figure 6-1.
av. Connect DMM between GND and TPl9. X Proceed to step bc.
DMM reads ~1.0 to +1.0mV. X Proceed to step aw.
aw. Disconnect ac calibrator from REF
HI and LO connectors.
ax. Connect oscilloscope and DMM in
parallel between GND and TPl9.
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Table 6-1. DPAV Troubleshooting Procedure (Continued)

Step

Procedure

Indication

OK

Not OK

Remedy

ay.

az.

ba.

bb'

kc.

bd,

be.;

bf.

bg.

bh.

bj.

bk.

Adjust potentiometer R157 for
0.0Vvdc level. Precise adjustment
will not be possible because of
drift.

Reccnnect ac calibrator to REF HI
and LO connectors and adjust ac
calibrator for 10.0Vrms at 400 Hz
or main board fregquency.

Adjust potentiometer R161 for
0.0Vdc level. DMM reads -1.0 to
+1.0mv,

Connect DMM between TPY9 {ground)
and TPll, DMM reads =-1.0 to +1.0mV.

Press front panel REFERENCE OFFSET
IN switch

Connect DMM between TP9 {ground)
and TPll.

Vary setting of front panel REF-
ERENCE OFFSET #45° control while
cbserving meter. DMM dc voltage
reading changes as setting of REF-
ERENCE OFFSET *45° contreol is ad-
justed.

Press front panel REFERENCE OFFSET
IN switch.

Connect oscilloscope between GND

_and TPl19.

Vary setting of REFERENCE OFFSET
+45° control while observing oscil=-
loscope.

NOTE

When REFERENCE OFFSET *45° con-
trol is rotated fully counter-
clockwise, signal at TP1l9 should
change from half-wave to full-
wave rectified sine wave.

Connect VOM between TP9 {ground)
and TP26. VOM reads 4.5 to 5.5Vdc.

Disconnect ac calibrator from REF
HI and LO connectors.

Connect VOM between TP9 (ground)
and TP26, Okserve the following
readings:

Proceed to step be.
Proceed to step bd.

Replace Z7.
Replace Q23, Q53, or Z8.

Proceed to step bf.
Replace Q5, Q23, Q53, or
z5.

Proceed to step bi.
Replace Q29 or Q57.

Proceed to step bj.
Replace Q53.

6-11
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Table 6-1. DPAV Troubleshooting Procedure {(Continued)

Indication
P
5 rocedure TR LTS Remedy
{1) VOM reads -0.5 toc +0.5Vdec, X Proceed to step bk(2)
X Replace either @51, Q52, or Zz4.
{2) NO SYNC indicator goes on, X Refer to step 4.
h.4 Replace DS13 on readout board.

MAIN BOARD PHASE MODES INOPERATIVE OR OUT OF SPECIFICATIONS

a. Set up test equipment as shown in
figure 6~2, without differential
voltmeter.

b. Adjust phase angle generator for
0.0° phase shift.

Ce Adiust ratio transformer for a
1000wV output when input is 10V rms,

d. Press front panel IN PHASE, 1000 MV,

REFERENCE OFFSET QUT, and 400HZ (or
main board frequency) switches.

e. Adijust ac calibrator for 10.000V rms
at 40C Hz,

f. Connect DMM between TP14 {ground) X Refer to step 5,
and TPl3 on A/D converter. DMM X Proceed to step g.
reads 8.600 to 8.900Vdc.

g. Connect oscilloscope between TPY X Proceed to step h.
{ground) and TPl on main board. X Replace Cl7 or Keé.
Oscilloscope displays a 665 to
695 mV p-p sine wave, without dis~
tortion,

=arll B Bk
PHASE
METER
bl o
- REF SIG L~
o > O MIGH RIGH O
" o
CALIBRATOR DPav
o OLOW LOWO
——— w— — —,
b0 e I e
PHASE °  mamo
[_J.._o GENERATOR o——] L TRENSFORMER _J

=)

| Figure 6-2. Phase Mode Troubleshooting, Test Set-Up
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Table 6-1. DPAV Troubleshooting Procedure {(Continued)
Indication
Step Procedure oK | Not OK Remedy

h. Connect oscilloscope between TP9 X Proceed to step i.

{ground) and TP2. Oscilloscope X Replace either Cl19, 010, Q11
displays 4.8 to 5.5V p-p, without or z10.
distortion,

i. Connect oscilloscope between TPY X Proceed to step 3.
{ground) and TP3l. Oscilloscope X Replace Z13.
displays 4.9 to 5.5Vp~-p, without
distortion.

NOTE _ .
The timing in steps j thrm r is
based on 400Hz only. It will
differ for other fregquencies.

Je Connect oscilloscope between TPS X Proceed to step k.

{ground} and TP4., Oscllloscope X Replace either Z6, Ql2, or
displays waveform X of figure 6-1. CR13.

Kes Connect oscilloscope between TPY X Proceed to step 1.

(ground} and TP5. Oscillcscope X Replace either 26, Ql3, or
displays waveform K of figure 6-1. CR15,

1 Connect oscilloscope between TPS X Proceed to step m.

{ground)} and TP&. Oscilloscope ’ X Replace either 26, Ql4, or
displays waveform L of figure 6-1, CR17.

m. Connect oscilloscope between TPS X Proceed to step n.
(ground) and TP7., Oscilloscope X Replace either Z6, Q15, or
displays waveform L of figure 6-1. CR20.

n. Adjust phase angle generator for
90° phase shift.

O. Connect oscilloscope between TP9 X Proceed to step p.
{ground) and TP4. Oscilloscope X Replace either z6, Ql12, or
displays waveform L of figure 6-1. CR13.

P. Connect oscilloscope between TP9 X Proceed to step g.
{ground) and TP5. Oscilloscope X Replace either 2z6, Ql3, or
displays waveform L of figure 6-1 CR15.
with period of 2.500 ms.

d. Connect oscilloscope between TPY h:4 Proceed to step r.
(ground} and TP6. Oscilloscope X Replace either Z6, Ql4, or
displays a 1.15- to 1.25-V half CR17.
wave rectified sine wave, without
distortion, 0.833ms wide with
period of 2.500ms.

r. Connect oscilloscope between TP9 X Proceed to step s.
(ground) and TP7. Oscilloscope X Replace either 26, Ql5, or
displays 1.15- to 1.25-V half CR20.
wave rectified sine wave, without
distortion, 0.833ms wide with
period of 1.70ms.
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Table 6-1, DPAV Troubleshooting Procedure (Continued)

Indication
a
tep Procedure ok [ Hot oK Remedy

S. Connect DMM between TP9 (ground} X Proceed to step t.
and operational amplifier Z16-6. X Replace Z16,
DMM reads -2.5 to -2.6Vdc.

£s Adjust phase angle generator for
0° phase shift.

u. Connect DMM between TP2 {(ground) X Proceed to step v.
and operational amplifier Z14-6. X Replace Z14.

DMM reads -2.5 to -2.6Vdc.

v. Connect DMM between TP2 {ground) X Proceed to step w.
and TP8, DMM reads B.60 to X Replace either Z15, Ql6, or
8.90V dc, Cc47.

w. Adjust phase angle generator for
90° phase shift,

¥ Connect DMM between TP9 (ground) X Refer to step 5.

~and TP10. DMM reads 8.60 to X Replace either Z17 or C5l.
8.90Vdc.
5 MAIN BOARD AUTORANGING CIRCUIT INCPERATIVE OR OUT OF SPECIFICATION
CAUTION

Do not attempt to troubleshoot

automatic function of autorang-

ing circuit unless manual func-

tion is full operational.

a. Adjust phase angle generator for
0° phase shift.

b Press IN PHASE and 1000 MV switches,

Apply 1000mV to SIG HI and LO
connectors.

C. Connect oscilloscope between TP X Proceed to step d.
{ground) and TPl8. Oscilloscope X Replace 236,
displays waveform A of figure 6-3,

d. Connect oscilloscope between TPQ X Proceed to step e.
(ground) and anode of diode CR96. X Replace Z35.
Oscilloscope displays waveform E
of figure 6-1.

e. Connect oscilloscope between TPO X Proceed to step £,
(ground)} and Z38, pin 8. Oscili- X Replace either 238 or Z3e.
lopscope displays waveform B of
figure 6-3.

£, Connect oscilloscope between TP9 X Proceed to step g.
{ground) and TPl7, Oscilloscope X Replace either Q38, Q37, or
displays waveform D of figure 6~1. CR96,
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Table 6-1. DPAV Troubleshocoting Procedure (Continued)

Step

Procedure

Indication

OK

Not OK

Remedy

6-16

Press front panel PHASE ANGLE
switch.

Connect VOM to TP28.

Adjust potentiometer R210 one turn
clockwise and one turn counter-
clockwise. VOM reads change in
voltage as setting of potentiom—
eter R210 is adjusted.

NCTE

Change in each direction from
normal setting should be approx-—
imately 0.2 Vdc.

Press front panel IN PHASE switch.

Connect VOM between TP9 (ground)
and TP27. VOM reads 7 to SvVvdc.

Connect VOM between TPY9 {ground)}
and TPZ7.

Adjust potentiometer R204 until
VOM reads 8.7 Vdc. VOM reads 7
to 9Vvdc.

Connect VOM between TP2 (ground)
and TP28. VOM reads 2 to 4 vdc.

Connect VOM between TP9 {(ground)
and TPZ8,.

Adjust potentiometer R209 until
VOM reads between 2 to 4 Vdc.

Connect oscilloscope, and VOM in
parallel between TP2 {ground) and
TP21.

Turn power off and remove 2Z40.

Turn power on and observe a 40 ms
{5V) pulse, with a 280ms delay.
Turn power off and reinstall Z40.

Remove Z42. With a clip lead short
TP20 to TP2l. Turn power on and
monitor clock pulses C thru J of
figure 6-3.

Turn power off and reinstall Z42.
Turn power ©n.

Connect oscilloscope between TP2
{(ground) and TP20.

Proceed to step n.
Proceed to step 1.

Proceed to step n.
Replace R204.

Proceed to step g.
Proceed to step o.

Proceed to step d.
Replace R209.

Proceed to step s.
Replace Z41l.

Proceed to step u.
Troubleshoot using
6-3 and associated

figure
schematic,



NAI T™™ 5001

Table 6-1. DPAV Troubleshooting Procedure (Continued)

Ste Procedure Angication Remed
= OK | Not OK Y

Vi Decrease output of ac calibrator X Proceed to step x.

below 1 Vrms. Oscilloscope dis- X Adjust ac calibrator for
plays change from positive 1l0Oms 10.0Vrms. Proceed to step w.
pulse to positive 200ms pulse
and back to positive 1l0ms pulse
when output of ac calibrator is
decreased to 0.9V rms.

W Adjust potentiometer R209 until X Proceed to step x.
voltage at TP20 toggles from nega- X Replace Z42.

tive to positive value when output
of ac calibrator is decreased to
1.0Vrms. Repeat steps u and v.
Oscilioscope displays change from
positive 200ms pulse to 10ms
pulse when output of ac calibrator
is varied between 0,9 and 1.1V rms.

K Depress PHASE ANGLE push button X End of test. Disconnect
and repeat step s. Monitor clock test set up.

pulses of figure 6-4. X Replace associated IC per
figure 6-4.

6 A/D CONVERTER CLOCK AND SWITCHING INOPERATIVE OR OUT OF SPECIFICATION

a. Connect output of ac calibratoer to
phase angle generator and ratio
transformer.

b. Connect output of phase angle gen-
erator to DPAV front panel REF HI
and LC connectors.

C. Connect output of ratio transformer
to DPAV front panel SIG HI and LO
connectors.

d. Adjust phase angle generators for
a 0,0° phase shift.

e. Adjust ratic transformer for a
1000 mV output when input is 10V rms.

£, Press DPAV front panel IN PHASE,
1000MV, and 400 HZ (or main board
frequency) switches.

g. Adjust ac calibrator for 10.000V rms
at 400 Hz or main board frequency.

h. Connect DMM between TPl4 (ground) X Proceed to ster i.
and TP13. DMM reads 8.60 to B.90Vdc., X Replace ribbon cable J4.

i. Connect DMM between TPl4 (ground) X Proceed to step J.
and TPl2., DMM reads -0.,15 to X Replace ribbon cable J4.
+0.15V dc.
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Table 6-1. DPAV Troubleshooting Procedure {(Continued)
Indication
d
Step Procedure oK T Not OK Remedy
Js Adjust prhase angle generator for
270° phase shift.
K. Connect DMM between TPl4 {groungd) X Proceed to step l.
and TP12. DMM reads 8.60 to X Replace ribbon cable J4.
8,90V dc.
A Connect DMM between TP14 {ground) X Proceed to step n.
and TP7, DMM reads -9.50Vdc. X Proceed to step m.
m. Adjust potentiometer R68 for read- X Proceed to step n.
ing of -9.,5vdc. X Replace either 229, Q20, or
CR12.
n. Connect oscilloscope between TP14 X Proceed to step p.
{ground) and TPl. Oscilloscope X Refer to alignment and adjust-
displays a chain of clock pulses ment procedures {Section 5).
with period of 21 to 25us and Perform clock pulse alignment
5V p-p. procedures and proceed to step
Q.
o. Connect oscilloscope between TP14 X Record actual pulse width and
{(ground) and TPl. Oscilloscope proceed to step p.
displays chain of clock pulses X Replace either Q1, Q2, Z16, or
with period of 21 to 25us and Z15.
5V p-p.
P Press front panel OFF switch.
g. Disconnect ratio transformer from
SIG HI and LO connectors.
Tis Connect jJjumper wire between SIG
HI and LO zonnectors.
Se Connect clip lead between TP14
{ground) to TP9.
s Remove operational amplifier Z38.
u. Press front panel ON switch.
V. Connect oscilloscope between TP14 X Proceed to step 7.
{(ground) and TP6. Oscilloscope X Refer to paragraph 5.8.7.2,
displays chain of clock pulses At completion, proceed to
with pulse width 1-1/2 times pulse step w.
width recorded for step o, period
of 38 to 42us and 9.5Vp-p.
Wa Connect oscilloscope between TP14 X Proceed to step y.
(ground) and TP6. Oscilloscope X Proceed to step X.
displays chain of clock pulses
with a pulse width 1-1/2 times
pulse width recorded for step o,
period of 38 to 42us, and 9Vp-p.

6=19
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Table 6-1. DPAV Troubleshooting Procedure (Continued)

Step

Procedure

Indication

OK

Not OK

Remedy

V.

Z.

dd.

ab.

ac.

ad.

ac.,

af.

ag.

Connect VOM to between source and
drain of FETS Q9, Ql2, and Q10 and
between collector and emitter of
transistors Q6, 27, Ql17, and Q18.
VOM reads more than 50 ohms in

any case.

Press front panel OFF switch,

Remove jumper wire from TP1l4
{ground) and TP9.

Reinstall operational amplifier
Z38,

Remove jumper wire from SIG HI and
LO connectors.

Connect output of ratioc transformer
to S8IG HI and LO connectors.

Set ratio transformer for 10:1
reduction.

Adjust ac calibrator for 10.000V
rms at 400 Hz or main board fre-
guency.

Press front panel IN PHASE, 1000 MV,
400 HZ (or main board frequency),
and ON switches.

Connect oscilloscope between TPl4
{ground) and TP5, Oscilloscope
displays dual slope ramp waveform
and dimensions shown in figure 6~5.

X

Replace Z13, 219, 222, or Z25.
Replace either 06, Q7, @9, QL0,
012, ¢l7, or Ql8.

NOTE

If TP6 is still out of
tolerance after comple-
tion of the above, pro-
ceed to step y.

End of troubleshooting. Dis-
connect all test egquipment.
Proceed to step 10.

A/D CONVERTER HYSTERESIS CIRCUITRY INOPERATIVE OR OUT OF SPECIFICATION

Connect ac calibrator to phase
angle generator.

Connect phase angle generator to
REF HI and LO connectors and set
generator to 0°,

Connect jumper wire between SIG
HI and LO connectors.

Apply 10.000 Vrms at 400Hz or main
board frequency, to REF HI and LO
connectors.
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Table 6-1. DPAV Troubleshooting Procedure {Continued)

Indicaticn
St P dur
ep roce e oK TNot OK Remedy
= Press front panel 400 HZ (or main
board freguency) and 1000 MV
switches.
£ Press front panel IN PHASE switch,
G Connect DMM between TP1l4 (ground) X Proceed to step h.
and TP13 and observe a reading of X Refer to alignment and adjust-
C.0Vdc on DMM ment procedures (para. 5.8.6.4)
h. Connect DMM between TP1l4 {(ground) X Proceed to step m.
and TP1ll. DMM reads 0.0Vdc. X Proceed to step 1.
i. Tag and remove operational ampli-
fier 234 and integrated circuit Z26.
s Connect DMM between TPl4 (ground)
and TPll.
k. Adjust potentiometer R168 for DMM X Proceed to step l.
reading of 0.0Vdc. X Replace 238,
1. Reinstall 234 and Z26.
m. Connect DMM between TP1l4 (ground) X Proceed to step r.
and cathode of CR25 and observe a X Proceed to step n.
reading of -150 to -200mVdec,
n. Tag and remove operational ampli-
fier 234 and integrated circuit Z26.
Ca Connect DMM between TPl4 (ground)
and cathode of CR25.
o Adjust potentiometer R147 for DMM X Proceed to step r,
reading of ~150mV. DMM reads X Replace either Z37 or Q23.
=150 to =200mVdc.
d. Reinstall z34 and Z26.
Ty Press front panel QUAD switch.
S. Connect DMM between TPl4 {ground) X Proceed to step t.
and TPl2 and observe a DMM read- X Refer to alignment and adjust-
ing of 0.0Vdc. ment procedures {(para. 5.8.6.4).
£ Connect DMM between TP1l4 (ground) X Proceed to step y.
and TP1l0 and observe a DMM read- X Proceed to step u.
ing of 0.0Vdc.
U. Tag and remove integrated circuits
Z26 and 240 and operational ampli-
fier z34.
V. Connect DMM between TP1l4 {(ground)
and TP1O0.
We Adjust potentiometer R143 for DMM X Proceed to step v.
reading of 0.0V, X Replace Z36.
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Table 6=1. DPAV Troubleshooting Procedure (Continued)

Sta — Indication R a

o] rocedure oK [ Not OK emedy

X Reinstall Z26, Z40, and 234.

Y. Connect DMM between TP1l4 {(ground) X Proceed to step ad.
and cathode of CRZ6 and observe a X Proceed to step z.
DMM reading of -150 to -200mV dc,

Z. Tag and remove integrated circuits
226 and 240 and operational ampli-
fier 234,

aa. Connect DMM between TPl4 {(ground)
and cathode cof CR26.

ab. adjust potentiometer R126 for DMM X Proceed to step ac.
reading of -150mV. DMM reads -150 X Replace either Z35 or Q26,.
to =200 mV dc.

ac. Reinstall 226, 240, and 2Z34.

ad. Press front panel IN PHASE switch X Proceed to step ae.
and observe DPAV digital display X Replace Q29.
of 0.0mv,

ae. Press front panel QUAD switch and X End of troubleshocoting. Dis-
observe DPAV digital display of connect all test eguipment.
0.0mv, X Replace Q30.

8 A/D CONVERTER PHASE SENSITIVE VOLTAGE CIRCUITRY INOPERATIVE OR OUT OF SPECIFICATION

a. Set up test eguipment shown in
figure 6-6,

b. Adjust phase angle generator for
180° phase shift.

SR T
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§ Figure 6-6. A/D Converter Phase Sensitive Voltage Test Set-Up
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Table 6-1. DPAV Troubleshooting Procedure (Continued)

Indication
St Procedure R
e OK | Not OK emedy

Ca Set ratio transformer to reduce
voltage by a 10:1 ratio,

d. Adjust ac calibrator for 10.000V
rms at 400 Bz or main board fre-
guency.

€. Press front panel IN PHASE, 400 HZ, X Proceed to step k.
and 1000 MV switches and observe X Proceed to step f
DPAV digital display for -1000.0mV.

£, Connect DMM between TPl4 (ground) X Proceed to step 1.
and TrPll and observe a DMM read- X Proceed to step g.
ing of 9.3 to 2.7 Vdc.

g. Connect DMM between TP1l4 (ground)
and TPll,

h. Adjust potentiometer R161 for DMM X Proceed to step k.
reading of -1000mV on DPAV read- X Proceed to step i.
out display and a DMM reading of
9.3 to 9.7Vdc.

i. Tag and remove operational ampli-
fier 734,

Ja Connect DMM between TPl4 (ground) X Replace Z34.
and TPl]l and observe a DMM read- X Replace either Z38 or RI16l.
ing of 9.3 to 9.7 Vvdc,

k. Reinstall Z34.

1a Adjust phase angle generator for X Proceed to step p.
rhase shift of 0.0° and observe X Proceed to step m.
DPAV digital display of +1000.0mV.

m. Connect DMM between TP14 {(ground) X Proceed to step p.
and TPll and observe a DMM read- X Proceed to step n.
ing of 9.3 to 9.7 Vdc.

n. Connect DMM between TPl4 (ground)
and TP1l.

o. Adjust potentiometer R153 for DMM X Replace K1 or K2. If DPAV
reading of +1000mV on DPAV dis- still does not display

play. DMM reads 9.3 to 9.7Vdc. +1000.0mV, refer to step 10.
X Replace R153 or Z37.

. Set up test equipment as shown
in figure 6-6.

q. Adjust phase angle generator for
90° phase shift.

r. Press front panel QUAD switch.

S. Connect DMM between TPl4 {(ground) X Proceed to step y.
and TP10 and observe a DMM read- X Proceed to step t.
ing of 9.3 to 9.7 Vvdc.

6-24
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Table 6-1. DPAV Troukleshocoting Procedure (Continued)

Procedure

Indication

OK

Not OK

Remedy

X

V.

ad.

akb.

ac.

Connect DMM between TP14 {(ground)
and TFP1lO0,

Adjust potentiometer R132 for DMM
reading of =-1000mV on DPAV dis-
play. DMM reads 9.3 to 9.7Vdc,.

Tag and remove operational ampli-
fier Z34.

Connect DMM between TPl4 {ground)
and TP10 and observe a DMM reading
of 9.3 to 9.7 Vvdc.

Reinstall Z34.

Connect input of phase angle gen-
grator to ac calibrator and out-
put to DPAV front panel REF HI
and LO connectors.

Connect input of ratioc transformer
to ac calibrator.

Adjust phase angle generator for
270° phase shift,

Connect DMM between TP14 (ground}
and TP10 and observe a DMM read-
ing of 9.3 to 9,7vdc.

Adjust potentiometer R128 for DMM
reading of +1000mvV on DPAV dis-
play and observe the following:

(1) DMM reads 9.3 to 9.7 vdc.

{2) DPAV displays +1000.0mV.

X

Proceed to step X.
Proceed to step v.

Replace Z34.
Replace 236 or R132Z,

End of troubleshooting. Dis-
connect all test equipment.
Proceed to step ac.

Proceed to step ac{2).
Replace 235 or R128.

End of troubleshooting. Dis-
connect all test eguipment.
Replace K1 or K2,

A/D CONVERTER ANGLE SEGMENT DETECTORS INOPERATIVE OR OUT OF SPECIFICATION

Connect calibrator to front panel
SIG HI and LO connectors and also
to input of phase angle generator.

Connect output of phase angle gen-
erator to front panel REF HI and
LO connectors and set generator

to 0°.

Press front panel PHASE ANGLE and
400 HZ (or main board frequency)
switches.

o
b
N
w
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Table 6-1., DPAV Troubleshooting Procedure (Continued)

Indication

St P d
ep rocedure ok TNot OK Remedy
d. Adjust ac calibrator for 1000.0mv X Proceed to step e.
at 400 Hz, or main board frequency, X Proceed to step g.
and observe DPAV digital display
of +0.0°.
e. Adjust phase angle generator from X Proceed to step m.
0 to 45° for phase shift in 1° X Proceed to step g.
increments and observe digital
display for appropriate angle
+0,25°,
f. Press front panel QFF switch.
g. Tag and remove operational ampli-
fiers Z36 and Z38.
h. Connect both TP10 and TPll to
TP14 (ground).
1 Disconnect ac calibrator from
SIG HI and LO connectors.
J. Connect jumper wire between SIG
HI and LO connectors.,
k. Press front panel ON switch.
. Connect VOM between TP1l4 (ground) X Proceed to step o.
and TP19, If VOM reads +15vVvdc, X Proceed to step m,
adjust potentiometer R115 for
transition to =15V dc. If read-
ing is =-15vdc, adjust R115 for
transition to +15Vdc.
m. Tag and remove integrated circuit X Replace Z26,
226 and repeat step l. X Reinstall z26 and proceed to
step n.
n. Tag and remove integrated circuit X Replace Z2.
Z2 and repeat step 1. X Replace either Z34, Q27, or
R115 and reinstall 2Z2.
Q. Connect VOM between TP14 (ground)
and TPi18.
P Adjust potentiometer R86 for volt- X Proceed to step g.
age transition at TPlS8. h. Replace either Z30, RB6, or
024.
g. Connect VOM between TP14 (ground)
and TPl7.
r. Adjust potentiometer RO95 for a X Proceed to step s.
voltage transition at TP17, X Replace either 231, R95, or
025,
Se Connect DMM between TF1l4 (ground) X Proceed to step X.
and TP8 and observe a DMM reading X Proceed to step t.
of 0.0vdc.
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Table 6-1. DPAV Troubleshooting Procedure {Continued}

Step

Procedure

Ind

ication

OK

Not OK

Remedy

Connect DMM between TFPl4 (ground)
and TP8B.

Adjust potentiometer R72 for DMM
reading of 0.C0Vdc.

Remove connections from TPl4
{ground), TPll, and TPlO,

Remove jumper wire from SIG HI and
LO connectors and reconnect ac cal-
ibrator to SIG HI and LC connectors.

Repeat step e and observe a DFAV
display for proper angle *0.25°.

Proceed to step X.
Replace Z27 or R79.

End of troubleshooting. Dis-
connect all test eguipment.
Replace 228, K3 or K4.

10

A/D CONVERTER DIGITAL CEECKS CIRCUITRY

Connect input of phase angle gen-
erator to ac calibrator and out-
put to input of ratio transformer.

Connect output of ratio transformer
to SIG HI and LO connectors.

Connect ac calibrator to REF HI
and LO connectors.

Press front panel TOTAL, 1000 MV,
and 400 HZ (or main board frequency!}
switches.

Adjust ac calibrator for 1000.0mV
rms at 400 Hz or main beoard fre-
quency.

Connect oscilloscope between TP14
{ground} and TP5. Oscilloscope
displays waveform and dimensions
of figure 6-5,

Turn power off, Tag and remove
integrated circuits zi4 and 222,

Ground integrated circuit 213-2,

Connect oscilloscope between GND
and TP23, Signal jumps from logic
0 to logic 1 when probe is removed.

Connect oscilloscope between TP14
(ground) and TP5.

Touch and hold grounding probe for
approximately 3 to 5 seconds to
integrated circuit Zzl13-1. Oscil-

INOP

ERATIVE

OR QOUT OF SPECIFICATION

Proceed to step t.
Proceed to step g.

Remove ground from Z13-2 and
proceed to step j.
Replace either Z13 or Z19.

Proceed to step r.
Proceed to step 1.
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Table 6-1.

DPAV Troubleshooting Procedure (Continued)

Step

Procedure

Indication

OK

Not OK

Remedy

6-28

loscope traces sink slowly to ap-
proximately =15V and then rises
rapidly to 0V when probe is re-
moved.

Connect oscilloscope between TP1l4
(ground) and TP6.

Touch and hold grounding probe for
approximately 3 to 5 seconds to
integrated circuit Z13-1. Oscilloe-
scope traces dip to -9.5Vde, then
jumps back to 1.0V dc when probe

is removed.

Turn power off and reinstall Zz14
and 222,

Remove operational amplifier Z25,
Connect TP5 to SIG HI connector.

Turn power on. Connect oscillo-
scope between GND (TP14) and TP4
and cobhserve a rounded sguare wave
with dimensions shown in figure 6-5,

Turn power off. Remove connection
to TP5 and reinstall 225. Turn
power on and monitor TP23 for a
5V, 260ms pulse.

Connect oscilloscope between GND
(TP14) and TP3. Set oscilloscope
for display of 250~ to 400-ns dur-
ation. Oscilloscope displays wave-
shape and dimensions shown in fig-
ure 6-5,

Connect oscilloscope between GND

and TP2 and observe a signal with
waveshape and dimensions shown in
figure 6-5,

Connect phase cal output to DPAV
SIG HI and LO connectors and also
to the input of the phase generator.
Connect the output of the phase
generator to SIG HI and LO connec-
tors. Set calibration to 1V out-
put at 400Hz or main board fre-
guency. Push IN PHASE, 1000 MV,
and main board freguency push but-
tons. Adjust phase generator to
angles in figure 6~7. Monitor the
appropriate points for the proper
logic levels.

Replace 225 or Z24,

Replace either Q10, Ql1, Ql2,
Ql4, Q15, or Ql6. Proceed to
step n.

Proceed to step r.
Replace Z23 or Z22.

Proceed to step s,
Replace Z22., If still no
good, proceed to step s.

Proceed to step t.
Replace Z21.

Proceed to stpe u.
Replace Z20.

Refer to step 11.
Replace associated IC.
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Logic States
Set Phase of First Logic States of
Generator Data NAND Gate Inputs First NAND Gate Qutputs
For Angle To Be :
Between Loaded S & 0D Z1-8 26-8 22-6 12-8
0°-45° 00.0 1 1 1 1 1 1 1
45°.90° 90.0 1 1 0 0 1 1 1
90°-135° 90.0 1 0 0 0 1 1 1
135°-180° 180.0 1 0 1 1 0 1 1
180°-225° 180.0 0 0 1 1 0 1 1
225°-270° 270.0 0 Q - 0 1 1 0 1
270°-315° 270.0 0 1 0 1 1 0 1
315°-360° 360.0 0 1 1 1 1 1 0
Logic States of Data Input Connectors
Data
To Be J2-7 J1-15 Jz2-5 J1-3
Octant Loaded (Z1-3) {21-6) (Z1-11} (26-6)
0°-45° 00.0 0 0 0 0
45°-90° 90.0 1 0 1 0
90°-135° 90.0 1 0 1 0
135°-180° 180.0 0 0 1 1
180°-225° 180.0 0 0 1 1
225°-270° 270.0 1 1 0 0
270°-315° 270.0 1 1 0 0
315°-360° 360.0 0 1 0 1
First Second Data Input
NAND Gates Inputs NAND Gates Inputs Connectors
21-8 s, 0D 21-3 71-8, 12-6 J2-7
16-8 T, oD 1-6 12-6, 22-8 J1-15
22-6 L9 ob 21-11 71-8, 16-8 J2-5
J2-8 T, C, 0D 26-6 16-8, 72-8 J1-3

Figure 6-7. Data Loading lLogic - A/D Converter
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Table 6-1. DPAV Troubleshooting Procedure {(Continued)

Step

Procedure

Indication

OK

Not OK

Remedy

11

€a

Je

6-30

READOUT BOARD INCPERATIVE OR OUT OF SPECIFI

NOTE

Unless otherwise stated,
all test points and com-
ponents are on readout
board.

Turn power off and remove inte-
grated circuits Z15 and %21 from
A/D converter. Remove equipment
from DPAV SIG HI and LO connectors.
Place short across SIG HI and LO
and REF HI and LO connectors. De-
press TOTAL and 1000 MV push but-
tons., Turn power on.

Set ac calibrator for sguare wave
output and adjust for 4.5V peak
at 2.5 Hz.

Connect output of ac calibrator
to TPl on A/D converter.

Observe least significant digit

on right end of digital display.
Digit changes from 0 through 9 and
back to 0 in approximately 4 seconds.

Increase fregquency output of ac cal-
ibrator te 25 Hz.

Cbserve second least significant
digit on digital display. Digit
changes from O through 2 and back
to 0 in approximately 4 seconds

Increase freguency output of ac
calibrator to 250 Hz,

Observe third least significant
digit on digital display. Digit
changes from 0 through 9 and back
toe 0 in approximately 4 seconds.

Increase fregquency output of ac
calibrator to 2.5 kHz.

Observe fourth least significant
digit on digital display. Digit
changes from 0 through 9 and back
to 0 in approximately 4 seconds.
{Disregard OVERLOAD light.)

CATION

Proceed
Replace
or Z4.

Proceed
Replace
or Z3.

Proceed
Replace
or ZZ.

Proceed

Replace

or Zl.

to step e.
either DS2,

to step g.
either DS2,

to step i.
either DS2,

to step k.
either DS1,

z12, 28,

z1ll, 27,

710, 26,

Z9, Z5,



Table 6-1.

NAI TM 5001

DPAV Troubleshooting Procedure (Continued)

Step

Procedure

Indication

OK

Neot OK

Remedy

With 4.5 Vpeak, 2.5kHz square
wave signal still applied to TPL
on A/D converter, cobserve most
significant 1/2 digit on digital
display. 1 goes on and stays on.
(Disregard OVERLOAD light.)

Disconnect ac calibrator.

Remove integrated circuit 214 from
A/D converter.

Ground Z4-6 for period of approxi-
mately 1 second and observe digital
display. Each digit, except 1/2
digit, becomes and remains 0.

Ground integrated circuit Zl4-6.

When each digit except 1/2 digit
becomes 0, ground TP3 on A/C con-
verter.

Remove ground from pin 6 of Zl4.

Connect output of ac calibrator to
TPl on A/D converter.

Adjust ac calibrator for 4.5V peak
sgquare wave output.

While observing digital display,
vary frequency of ac calibrator
from 2.5Hz to 2.5kHz and back
to 2.5Hz. All digits except 1/2
digit remain o.

Turn power off and replace Zl4.
Turn power on.

Remove ground from TP3 on A/D
converter.

X

Proceed to step 1l.
Replace DSl or Q1.

Proceed to step o.

Replace either 29, 210, Z11,
or Zl12 corresponding to fail-
ing digit shown in figure 6-8.

Proceed to step u.

Replace either 25, 26, 27, or
Z8 corresponding to failing
digit in figure 6-8.

FAILING DIGIT
SIGNIFICANT
1/2 Digit 4th DIGIT 3rd 2nd st
Probably 8 210 11 |, 212
Failing Q1 Z5 26 77 8
Components Z1 2 3 4
Figure 6-8. Probable Failure Groups
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Table 6~1. DPAV Troubleshooting Procedure (Continued)

Procedure

Indication
OK { Not CK

Remedy

Adjust ac calibrator for frequency
output of 2 kHz.

Ground TP3 for three to five seconds
on A/D converter and observe digital
display. Each digit freezes when
ground is applied and remains con-
stant until ground is removed.

End of troubleshooting. Dis-
connect all test equipment.
Turn power off and reinstall
Z21 and Z15.

Replace either 25, 276, 27, or
28 corresponding to failing
digit in figure 6€-8.

12

6-32

FREQUENCY BOARD INOPERATIVE OR OUT OF
NOTE

The following procedure
applies to all frequency
boards. All test points
are on the frequency card.

Remove the malfunctioned frequency
board and insert extender cable
for easy access to test points.
Press appropriate Frequency Range,
IN PHASE, REF QFFSET OUT, and
1000 MV push buttons. Connect ac
calibrator to REF HI and LO and

to SIG HI and LO connectors and
adjust for 1V rms at corresponding
frequency.

Connect oscilloscope and DMM in
parallel between GND and TPl., Os-
cilloscepe displays a 4.5 to 4.7V
p-p sine wave, without distortion,
and DMM reads -1.0 to +1.0mV.

Connect oscilloscope and DMM in
parallel between GND and Z3-6.
Oscilloscope displays a 1.75Vp-p
sine wave, without distortion, and
DMM reads =1.0 to +1.0mV.

Connect oscilloscope between GND
and TP6 on frequency board. Os-
cilloscope displays rounded saw-
tooth pulse with repetition rate
of 12 times input frequency and
amplitude of 5V,

Connect oscilloscope between GND
and TP2. Oscilloscope displays a
chopped sine wave 2.05Vp-p with
same repetition rate as input fre-

L quency.

SPECIFICATION

Proceed to step c.
Replace either 22, 06, C28,
or C8.

Proceed to step d.
Replace Z3.

Proceed to step e.
Replace either Q9, 9010, 011,
C30, or C34.

Proceed to step f.
Replace either CR5, Q7, or 25,



NAI T™ 5001

Table 6-1. DPAV Troubleshooting Procedure {(Continued)

Step

Procedure

Indication

CK

Not OK

Remedy

Connect oscilloscope between GND
and TP3. Oscilloscope displays

a chopped sine wave 2.05Vp-p with
same repetition rate as input fre-
guency.

Press front panel REFERENCE OFFSET
QUT switch.

Connect oscilloscope and DMM in
parallel between GND and TP4 and
observe the following:

(1} Oscilloscope displays a 0.65
to 1.0V p-p half-wave recti-
fied sine wave, without dis-
tortion.

(2) DMM reads -1.0 to +l1.0mvVdc.

Remove REF HI and LO and apply
short. Adjust potentiometer R41
for 0.0Vdc. Precise adjustment
will not be possible because of
drift. (Dc level will be at *15V
level. Adjust for 0 or minimal
drift.)

Remove sheort and connect ac cali-
brator to REF HI and LO connectors.

Adjust ac calibrator for 10.0V rms
at appropriate frequency.

Adjust potentiometer R44 for 0.0V
dc level, DMM reads -1.0 to +1.0mV.

Connect DMM between TP2 {ground)
and TPl11l on main board. DMM reads
-1.0 to +1.0mV.

Press front panel REFERENCE OFFSET
IN switch,.

While observing oscilloscope, vary
setting of REFERENCE OFFSET 45°
control. Oscilloscope displays dc
voltage level change as setting of
REFERENCE OFFSET +45° control is
adjusted.

X

Proceed
Replace
Z25.

Proceed
Replace

Proceed
Proceed

Proceed
Proceed

Replace
Replace

to step g.
either CR8, 08, or

to step h(2).
z4.

to step n.
to step i.

to step n.
to step m.

z4.
either 053, 023, or

Z8 on main board.

Proceed
Replace

to step p.
Ql4.

6-33



NAI TM 5001

Step

Table 6-1. DPAV Troubleshooting Procedure {Continued)

Procedure

Ind

ication

QK

Not OK Bemedy

NOTE

When REFERENCE OFFSET +45°
contrel is adjusted fully
counterclockwise, the ap-
pearance of the signal at
TP4 will change from a
half-wave rectified sine
wave to a full~-wave recti=-
fied sine wave.

Press REFERENCE OFFSET OUT switch.

Connect oscilloscope between TP9
(ground) and TPl on main board.
Oscilloscope displays a 665 to
695 mV p~p sine wave without dis-
tortion.

Connect oscilloscope between GND
and TP5 on frequency board being
tested. Oscilloscope displays a
4.8 to 5.0V p-p sine wave, with-
out distortion.

Proceed to step r.
X Refer to step 2.

End of troukleshooting. Dis-
connect all test equipment.

X Replace either 21, C27, Q1,
or Q2.

13

6-34

REFERENCE ISOLATION BOARD INOPERATIVE
NOTE

Unless otherwise stated,
all test points and com-
ponents are on reference
isolation board.

Connect VOM between REF LO and
GND connecters on front panel

and observe a VOM reading of more
than 200 megohms.

Connect ac calibrator to REF HI
and LO connectors.

Press front panel 10V, IN PHASE,
and 400 HZ {or main board fre-
guency) switches.

Adjust ac calibrator for output
of 1000.0mVrms at 400Hz or main
board frequency.

Connect oscilloscope and DMM in
parallel between GND and TPl.
Oscilloscope displays a 430 to
450 mV p-p sine wave, without dis~
tortion, and DMM reads -1.0 to
+1.0Vvdc.

OR OU

T OF SPECIFICATION

Proceed to step b.
X Replace T2.

Proceed to step Jj.
X Proceed to step f.




NAI TM 5001

Table 6~1. DPAV Troubleshooting Procedure {Continued)

Indication

Step Procedure OK {Not OK Remedy

f. Connect DMM between GND and TP2 X Proceed to step g.
and observe a DMM reading of 13 X Replace eithexr CRo, Q3, or CB.
to 15Vvdec.

g. Connect DMM between GND and TP3 X Proceed to step h.
and observe a DMM reading of =13 X Replace either CR7, 94, or CS.
to -15Vvdc.

h. Connect oscilloscope between GND X Replace Z1.
and anode of CR4., Oscilloscope X Proceed to step 1i.
displays a 430 to 450 mV p-p sine
wave, without distortion, and DMM
reads =1.0 to +1.0Vdc.

i. Increase ocutput of ac calibrator X Replace Q1 or K1
to 10.0Vrms at 400Hz while ob- X Replace either DS1 on reference
serving that indicator lamp DS1 isolation board,or 049 or 2z45
on reference isolation board goes on main board.
on.

F. Connect oscilloscope and DMM in X End of troubleshooting. Dis-
parallel between GND or EBl and connect all test equipment.
positive side of capacitor Cl46 X Replace T2.
or E42 on main board. ©Oscillo-
scope displays a 140 to 160 mVp-p
sine wave, without distortion,
and DMM reads -1.0 to +1.0Vdc.

14 SIGNAL BROADBAND ISOLATION BOARD INOPERATIVE OR OUT OF SPECIFICATION
NOTE
Unless otherwise stated,
all test points and com~
ponents are on signal i-
solation broadband beoard.

a. Connect VOM between SIG LO and X Proceed to step b.
GND connectors on front panel X Replace T3,
and observe a VOM reading of more
than 200 megohms.

b. Connect ac calibrator to SIG HI
and LO connectors.

C. Press front panel 1000 MV, IN
PHASE, and 400 HZ (or main board
fregquency) switches,

d. Adjust ac calibrator for output

of 1000.0mVrms at 400 Hz or main
board frequency.
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Table 6-1, DPAV Troubleshooting Procedure {Continued)

Indication
Step Procedure oK TRot OK Remedy
e. Connect oscilloscope and DMM in par-~ X Proceed to step k.
allel between GND and TPl. Oscillo- X Proceed to step f.
scope displays a 200 to 400 mV p-p
sine wave, without distortion, and
DMM reads -1.0 to +1.0mVdc.
f. Connect DMM between GND and TPZ2 and X Proceed to step g.
observe DMM reading of +13 to +15Vdc. X Replace either CR6, (8, or Q3.
. Connect DMM between GND and TP3 and X Proceed to step h.
observe DMM reading of =13 to -~15vdc. X Replace either CR7, C9, or Q4.
h. Connect oscilloscope between GND and X Replace Z1
anode of CR4. Oscilloscope displays X Proceed to step 1i.
a 200 to 400 mV p-p sine wave, with-
out distortion, and DMM reads -1.0
to +1.0Vdc.
1 Press 10V switch and increase out- X Replace D1 or Kl.
put of ac calibrator to 10.0V rms X Replace either DS1 on signal
at 400 Hz and okserve if indicator isolation board or Q9 or Z29
lamp DSl on signal isclation board on main board.
goes on.
3 Turn power off and, on main board,
remove operational amplifier 2Z6l1.
Turn power on.
k. Connect oscilloscope and DMM in X Proceed to step l.
parallel between GND or E79 and X Replace T3,
pin 3 of Z&l or E78. Oscillo-
scope displays a 20 to 40mV p-p
sine wave, without distortion,
and DMM reads -1.0 to +1.0Vdc.
1. Turn power off and reinstall Z6l.
Turn power on,
m. Press 10V switch and increase out- X Replace Q1 or Kl.
put of ac calibrator to 10.0Vrms X Replace either DS1 on signal
at 400Hz and observe that indica- isolation board, or Q% or
tor lamp DS on signal isclation 729 on main board.
becard goes on.
15 NULL METER INOPERATIVE OR QUT OF SPECIFICATION
NCTE 1
Unless otherwise stated,
all test points and com-
ponents are on the null
meterx,
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Table 6-1. DPAV Troubleshooting Procedure {Continued)

Step

Procedure

Indication

OK

Not OK

Remedy

(=Y

kKo

1.

Ma

NCTE 2

With power off, adjust
the zerc adjust on the
face of the null meter
for exactly 0 reading.

Connect ac calibrator to REF HI
and LO connectors and also to ratio
transformer.

Connect output ¢f ratio transfor-
mer to SIG HI and LO connectors.

Press IN PHASE, 1000MV,.and 400 HZ
{or main board fregquency) switches.

Set ratio transformer to 0.1 and
adjust ac calibrator for 10.0Vrms
at 400 Hz, or main board freguency.
Null meter shows a positive deflec-
tion,

Connect DMM between TP2 (ground)
and TP8 on main becard. DMM reads
8.60 to 8.20V dc.

Connect phase angle generator be-
tween ac calibrator and REF HI and
LO connectors.

Set phase angle generator for 270°
rhase shift.

Press QUAD switch and cobserve that
null meter shows a positive deflec-
tion,

Connect DMM between TP2 {ground)
and TP10 on main board and observe
a DMM reading of 8.60 to 8.9C Vadc.

Set phase angle generator for 0.0°
phase shift.

Press IN PHASE switch.

Connect DMM to end of resistor R8
nearest transistor Q2 and observe
a DMM reading of 8,60 to B8.90Vdc.

Connect DMM to end of resistor R7
nearest transistor Q1 and observe
DMM reading of -0.]1 to +0.1Vde.

Connect DMM to anode of diode CR4
and observe a DMM reading of 13.0
to 15.0Vvdc.

Proceed to step o.
Proceed to step e.

Proceed to step f.
Refer to step 2.

Proceed to step j.
Proceed to step i.

Replace either Qi,
R3.
Refer to step 2.

Proceed to step m.

22, M1, or

Replace ribbon cable J12.

Proceed to step n.
Refer to step 2.

Replace Q2.
Replace either 04,
or Z3.

CRr4, 21,
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Table 6-1. DPAV Troubleshcoting Procedure {(Continued)
Indication
R
Step Procedure KT Not oK emedy
O. Connect phase angle generator be-
tween ac calibrator and REF HI and
LO connectors.
p. Set phase angle generator for 270°
phase shift.
q. Press QUAD switch and observe that X Proceed to step v.
null meter shows a deflection. X Proceed to step r.
r, Connect DMM between TP9 {(ground} X Proceed to step s,
and TPl0Q on main board. DMM reads X Refer to step 2.
B8.60 to 8.90Vdc.
S. Connect DMM to end of resistor R7Y X Proceed to step t.
nearest transistor Q1 and observe X Replace ribbon cable J12.
a DMM reading of 8,60 to 8.90Vdc.
Es Connect DMM to end of resistor RB X Proceed to step u.
nearest transistor Q2 and observe X Refer to step 2.
a DMM reading of -0.1 to +0.1Vde.
u. Connect DMM to anode of dicde CR3 X Replace Q1.
and observe a DMM reading of 13.0 X Replace either @3, CR3, Z1,
to 15.0Vvdc. or Z3.
Ve Disconnect ratio transformer from
8IG HI and LO connectors.
W. Using clip lead, short SIG HI con-
nector to SIG LO connector.
X. Adjust potentiometer Rl for a null X Refer to alignment and adjust-
meter indication of exactly zero. ment procedures (para. 5.8.13).
End of test. Disconnect all
test equipment.
X Replace RI1.
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Code

SECTION 7

PARTS LIST

NAI TM 5001

This section contains a vendor codes list, parts list, and
parts locator diagrams for the DPAV.

List of Manufacturers

Name and Address

01121

01295

02111

03888

04713

06001

06665

06751

07187

07263

08730

Allen Bradley Co.
1201 south 2nd Street
Milwaukee, Wisconsin 53204

Texas Instrument

Semiconductoy Components Division
13500 North Central Expressway .
Dallas, Texas

Spectrol Electronic Cerporation
17070 BEast Gale Avenue
City of Industry, California

Pyrofilm Resistor Company
60 Wouth Jefferson Road
Whippany, New Jersey 07981

Motorola

Semiconductor Products Inc.
5005 East McDowell Road
Phoenix, Arizona 85008

General Electric Company

Electronic Capacitor & Battery Dept.

P.O. Box 158
Irmo, Scuth Carolina 292063

Precision Monolithics
1500 space Park Drive
Santa Clara, California 95050

Semcor Inc.
215 Royal Drive P.O., Box 78
Georgetown, Texas 78626

Sperry Flight Systems
Div. Sperry Rand Corp.
P.0. Box 2529

21111 North 19th Avenue
Phoenix, Arizona 85002

Fairchild Semiconductor A
464 Ellis Street
Mountain View, California 94040

Vemaline Products Co.
487 Jefferson Blvd.
Warwick, Rhode Island 02886

Code

0ols2

09922

11880

12040

12406

14752

16299

16512

18324

1612

20891

Name and Address

Hewlett-Packard Company
Harriscon Labs Div,
Berkeley Heights, New Jersey

Burndy Corporation
Richards Avenue
Norwalk, Connecticut 06852

Marstan Electronics

Div. Balco Electronics
307 Washington Street
Orange, New Jersey 07050

National Semconductor
Commerce Drive P,.0. Box 443
Danbury, Connecticut 06810

Elpac Inc.
3121 Standard Avenue
Santa Ana, California 92704

Electrocube Inc.
1710 South Del Mar Avenue
San Gabriel, California 91776

Corning Glass Works

Electronic Components Division
3900 Electronics Drive
Raleigh, North Carolina 27604

National Connector Divisicon
Fabritek Inc.

9210 Science Center Drive
Minneapolis, Minnesota 55428

Signetics Corp.
811 East Argues Avenue
sunnyvale, California 94086

Vishay Intertech, Inc.
Resistor Products Pivision
63 Lincoln Highway

Malvern, Pennsylvania 19355

Cosar Corporation
3121 Benton Street
Garland, Texas 75042
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Code

24138

26625

30857

31918

32997

37942

56289

59730

71590

72136

72982

73138

List of Manufacturers

Name and Address

International Components Corp.
105 Maxess Road
Melville, New York 11747

Mial U S A Inc.
165 Franklin Avenue
Nutley, New Jersey 07110

Varo Inc.
900 North Shiloh Road
Garland, Texas 75040

I.E.E./Shadow
8081 wallace Road
Eden Prairie, Minnesota 55343

Bourns Inc.
1200 Columbia Avenue
Riverside, California 92507

Mallory, P.R. Company
3029 East Washington Street
Indianapolis, Indianna 46206

Raytheon Company
Lexington, Massachusetts 02173

Sprague Electric Company
335 Marshall Street
North Adams, Massachusetts 01247

Thomas & Betts
36 Butler Street
Elizabeth, New Jersey 07207

Centralab

Globeunion Inc.

P.O. Box 591

Milwaukee, Wisconsin 53201

Elmenco

Electro Motive Mfg. Co.

South Park & John Streets
Willimantic, Connecticut 06226

Erie Technological
644 West 12th Street
Erie, Pennsylvania 16512

Beckman Instruments

Helipot Division

2500 Harbor Blvd.
Fullerton, California 92634

(Continued)

3243-65 North California Avenue

Philadelphia, Pennsylvania 19108

P.0O. Box 5825 19070 Reyes Avenue

Warminster, Pennsylvania 19874

Philadelphia, Pennsylvania 19107

Darlington, South Carolina 29532

Westerly, Rhode Island 02891

Code Name and Address
74861 Industrial Condenser
Chicago, Illinois 60618
74970 E.F. Johnson
299 10th Avenue, South West
Waseca, Minnesota 56093
75042 IRC
401 North Broad Street
75915 Littlefuse, Inc.
800 E.N.W. Highway
Des Plaines, Illinois ©0016
76381 Minnesota Mining & Mfg.
3M Center
St. Paul, Minnesota 55101
76493 Miller J.W. Co.
Compton, California
79727 Continental Wirt Elect.
550 Davisville Road
82110 Gudebrod Brothers Silk Co.
12 South 12th Street
83125 Nytronics Inc.
Orange Street
83330 H.H. Smith
812 Snediker Avenue
Brooklyn, New York 11207
84171 Arco Electronics
Community Drive
Great Neck, New York 10222
91637 Dale Electronics Inc.
P.0. 609
Columbus, Nebraska 68601
95073 Douglas Randall Inc.
6 Pawcatuck Avenue
95750

Republic Electronic Ind.
575 Broad Hollow Road
Melville, New York 11746



Cé

Des.

74
49

58
70

59

i

1,11
13
17
18
19
20
22
3
25
26
27
28
29
30
31
32
33

35
37
39
41
42
43
45

47

Replacement Parts List:

Call outs in the designation
column refer to figure 5-1.

Description

Main Board Assembly
Readout Board Assembly
A/D Converter Assembly

Reference Isclation Board Assembly
Reference Isolation Transformer

Assembly

Signal Broadband Isolation Board

Assembly

Signal Isolation Transformer

Assembly
Null Meter Assembly
Null Meter P.C. Board

Freguency Board Assembly

Bracket, A/D Converter
Spacer, Pivot

Fan Assembly

Cover, Side

Cover, Top/Bottom

Switch, push Button (4-pos)

Binding Post
Button, Blank
Button, AUTO
Button, 500V
Button, 100V
Button, 10V
Button, 1000 MV
Button, 100 MV
Button, 1l0OMV
Button, OUT

Button, IN
Ferrule, Inner
Knob

Button, REF PHASE
Button, PHASE ANGLE
Button, QUAD
Button, IN PHASE
Button, FUND
Button, TOTAL
Button, OFF

Button, ON

Marking, Panel
Window, Display
Diffuser, Light
Diffuser, Light
Switch, Pushbutton
Cable Assembly, Green
Cable Assembly, Red

Mfr.
Part No. Code

500869
783590-1, -2
783591
783601-2

783594-1
783602-2

783594-2

783672

500887

783599-XXXX

205343

205356

500957

205395

205394

807034 31918
800120 83330
806698 31918
205298-15

205298-38

205298-27

205298-26

205298-25

205298-24

205298-23

205298-7

205298-6

802413 59730
807041 08730
205298-22

205298-21

205298-10

205298-20

205298-9

205298-8

205298-3

205298-33

205675

205257

205516-2

205516-1

807031 31918
500871-2

500871-1

NAI TM 5001

Phase Angle Voltmeter, Model 225

Mfr.

Part No.

6G15-2UGR
137

FSB-Black

GSB. 096
3022

5G-15-2UGR

8
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NAI TM 5001

Des.

48
50
53
52
56
57
60
63

64
65
66
68
69
71
72
73
76
77
78
79
80
81
82
83
84
85
87

92

95
96
929
100
102
103

Replacement Parts List: Phase Angle Voltmeter, Model 225 (Continued)

Description

Cable Assembly, Yellow
Bumper, Readout Board

Meter, Null (See item 2)
Bracket, Null Meter

Bracket, A/D Converter (See item 7)
Support, LH

Support, RH

Fuse, 220V, .5A

Fuse, 115V, 1A

Fuseholder

Nameplate

Nameplate

Bracket, RH Side

Bracket, RH Panel

Support, RH Side

Stiffener, Printed

Support, Front

Trim, Bottom

Handle

Sub-panel

Bracket, LH Panel

Support, LH Side

Bracket, LH Side

Plate, Transformer
Transformer, Power

Trim, Top

Panel, Front

Support, RH (See item 60)
Support, LH (See item 57)
Bracket, RH Side (See item 68)
Bracket, LH Side (See item 81)
Case, Modified

Torroid

Cover, Modified

Bracket, Mounting

Bracket (See item 100)
Support, RH Side (See item 71)
Support, LH Side (See item 71)
Panel, Rear

Plate Cover

Plate Cover

Frequency Extender Card

Part No.

500871-3
205690
205666
205680
205343-1
205346-2
205346-1
803877
803876
800137
205571-1
205571-3
205357-2
205345-2
205347-1
205348
205352-2
205359
807042
205353
205345-1
205347-2
205357-1
205349
205502
205359
205673-1
205346-3
205346-4
205357-4
205357-3
205391
550463
205564
205370
205370-1
205347-3
205347-4
206011
206013
206014
783724

Mfr.
Code

75915
75915
75915

08730

Mfr.

Part No.

313.500
313001.
342004L

CAB6
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C5

Ref.
Des.

Cll

€13

Ccl4

Cl5
cl7
c21

c22
c24

C25

c2e
c27
c28
c29

Cc30
Cc3l
c32
C33
C34
C35
C3é
Cc37
c38

c40
c41
c42
c44
C45
C46

Replacement Parts List:

Description

Capacitor, Elect. Tantalum
22uf, 20V, *20%

Capacitor, Mica
39pf, 500V, *10%

Capacitor, Film
.1uf, 25v, +80-20%

Same as Cl4
Same as Cll

Capacitor, Ceramic
.01luf, 25V +80-20%

Same as C21

Capacitor, Mica
S5pf, 500V, 10%

Capacitor, Ceramic
150pf, 1000V, +10%

Same as C21
Same as C21
Same as C25

Capacitor, Elect. Aluminum
louf, 25v, +100-0%

Same as C29
Same as C25
Same as C29
Same as C25
Same as C29
Same as C29
Same as C29
Same as C25

Capacitor, Film
luf, 100V, *10%

Same as C21
Same as C21
Same as C38
Same as C21
Same as C21

Capacitor, Polyester
1.5uf, 25v, *10%

NAI

Part No.

801093

802338

806086

880034

802421

806883

806890

807569

807554

Mfr.
Code

56289
72136

72982

72982

72136

72982

24138

74861

74861

NAI

Main Board - 500869

Mfr.
Part No.

150D226X0020R2

DM15-390K

5815-000Y5U01042

5835-000-Y5U01032

DM15-050K

831-000X5F0-151K

PCD10PB25

1LMZP100

2.5LMZP150

TM 5001

Total

10

25

12

15



KAI ™ 5001

Replacement Parts List: Main Board - 500869 (Continued)

Pt NAI Mfr. Mfr. Total
'E_o_. Description Part No. Code Part No. Qty
c47 Capacitor, Polyester Film 806694 06001 AE22R154J 2
.15uf, 80V, +5%

Cc48 Same as C1l3

51 Same as C47

c52 Same as C46

C53 Same as C13

Csé Same as C25

C57 Same as C21

Cc58 Same as C21

C59 Same as C38

Ccé3 Same as C38

ceé Same as C21

ces Same as C21

Cc70 Same as C21

Cc71 Capacitor, Ceramic 805602 72982 831-000X5F-0201K 1
200pf, 1000V, *10%

c72 Capacitor, Ceramic 805620 72982 811-000X5R-0502K 1
5000pf, 1000V, #*10%

C73 Same as C21

Cc74 Same as C29

C75 Same as C29

c78 Same as C13

csl Same as C29

cez2 Same as C25

ce4 Same as C29

c85 Capacitor, Elect. Tantalum 807392 56289 196D-475X9050KAl 1
4.7uf, 20V, *20%

c8é Same as C25

c87 Capacitor, Mica 802420 72136 DM15DD022D0 2
2pf, 500V, *20%

c88 Capacitor, Elect. Aluminum B06904 37942 CGS272U040R2C 2
2700uf, 40V, +75-10%

c89 Same as Cl4

Cc20 Same as Cl4

col Same as C88

€92 Same as Cl4



CS

Ref.
Des.

Cc93
co4

c95
C96
co7

cos

Cl01

Clo04

Cl05

Cl07

Cl13
Cll17
Cl19

Cl22
Cl23

€125

€126
€127

Cl128
€129

Replacement Parts List:

Description
Same as Cl4

Capacitor, Elect. Aluminum
6800uf, 25V, +75-10%

Capacitor, Elect. Aluminum
8000uf, 30V (Alternate)

Same as Cl4
Same as Cl4

Capacitor, Elect. Aluminum
1uf, 50V, +150-0%

Capacitor, Elect. Aluminum
40uf, 350V, +50-10%

Capacitor, Mica
1pf, 500V, *.5pf

Capacitor, Film
.22uf, 80V, *10%

Capacitor, Polyester Film
.33uf, 250V, *10%

Capacitor, Mica
75pf, 500V, *5%

Same as C21
Same as C21

Capacitor, Elect. Aluminum
1000uf, 16V, -10+50%

Same as C21

Same as C21

Capacitor, Elect. Aluminum
100uf, 25V, +100-0%

Same as C25

Capacitor, Elect. Tantalum
3.9uf, 20V, #10%

Same as C24

Same as Cl3

Main Board - 500869 (Continued)

NAI
Part No.

806905

807218

807169

807204

802619

802863

807324

801686

807346

806891

804647

Mfr.
Code

37942

06001

24138

37942

72136

56289

74861

72136

24318

24138

06751

Mfr.
Part No.

CGS82U025R2L3PH

86F547L

PCD1 PA 50

TCG400T350G2L

DM15-010D

192P2249R8

2.5LMEP33

DM15-750J3

PCD100OPN16

PCD100PG25

TS2K~20-395

NAI TM 5001

Total

gty



NAI TM 5001

Replacement Parts List:

Ref.
Des. Description
Cl130 Same as C21

C131 Same as C21
€132 Same as C25
Cl33 Same as C29
Cl34 Same as C25

€135 Capacitor, Ceramic
1500pf, 100V, #10%

Cl136 Capacitor, Elect. Tantalum
2.2uf, 20v, *20%

€137 Same as C25
Cl42 Same as C87

Cl43 Capacitor, Select at Test
nominal 390pf

Cl44 Capacitor, Select at Test

Cl145 Capacitor, Mica

390pf, 50V, #*5%

Cl4e Capacitor, Select at Test
Ccl48 Same as Cl01
Cl49 Same as Cl4
C150 Same as C21
Cl151 Same as C21
C156 Same as Cl25
c157 Same as Cl25
Cl158 Same as Cl25
Cl59 Same as C1l25
Cclel Same as C29
Cle2 Same as Cl4

Clé3 Capacitor, Elect. Aluminum
22uf, 1ev, -0+100%

Cle4 Same as Cl63
Cle5 Same as Cl107

Cl66 Capacitor, Mica
lo0pf, 500V, *10%

Cl69 Capacitor, Elect. Tantalum
4.7uf, 10V, *20%

Cl70 Same as C29

Main Board - 500869 (Continued)

NAI Mfr.
Part No. Code
805357 72982
800596 56289
801786 72136
807194 24138
802422 72136
800594 56289

Mfr.
Part No.

B133-000-W5R0152K

150D225X0020A2

DM15-F-391JP500WV4CR

PCD22PGl6

Total

ety

DM15-D-100JP500WV-4CR 2

150D475X001A2



C4

Ref.
Des.

£172
Cl173
Cl74
C177
179
C180
clsl
cls2
cl83
C185
C186
cl87

cles
C190

£193

Replacement Parts List:

Description
Same as Cléé

Same as Cl25

Same as Cl25

Capacitor, Select at Test
Capacitor, Variable 1l.5pf
Same as Cll

Same as C21

Same as C21

Capacitor, Variable 7-40pf
Same as C29

Same as C29

Capacitor, Mica
430pf, 500V, *2%

Same as C21
Same as C24

Capacitor, Mica
3pf, 500V, *5%

Dicode

Same as CR3
Same as CR3
Same as CR3
Same as CR3
Same as CR3

Same as CR3

Diode

Same as CR3

Same as CR13
Same as CR3

Same as CR13
Dicde

Same as CR3

Same as CR13
Same as CR3

Same as CR3

Diode

Same as CR3

Same as CR3

NAI TM 5001

Main Board - 500869 (Continued)

NAI Mfr.
Part No. Code
806970 74970
807603 72982
807529 72136
807459 72136
802924 07236
807217 04713
806951 04713
806330 QPL

MET Total
Part No. Qty
273=-0001-001 1

518-000-G-7.0-40-0pf 1

DM15D431G4CR 1
DM10-030J 1
1N3600 42
1IN5229 6
IN5231 1
JAN 1N914 8



NAI TM 5001

Ref.
Des.

CR29
CR30
CR31
CR32
CR33
CR34
CR35
CR38
CR41
CR42
CR43
CR46
CR49
CR50
CR51
CR52
CR53
CR54
CR55
CR56
CR57
CR58
CR59
CR60
CR6l
CR62
CR64
CR65
CR66
CR67
CRE9
CR70
CR71
CR72

Description

Replacement Parts List:

Same as CR3

Same as CR3

Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same

Same

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

CR3
CR13
CR3
CR13
CR3
CR25
CR3
CR3
CR3
CR25
CR25
ER25
CR3
CR3
CR3
CR3
CR3
CR3
CR3
CR3
CR3
CR3
CR25
CR25
CR3
CR3
CR3
CR3
CR3
CR3
CR3
CR3

Main Board - 500869 (Continued)

NAI
Part No.

Mix.
Code

Mfr.

Part No.

Total

ety



£5 NAI TM 5001

Replacement Parts List: Main Board - 500869 (Continued)

Ref. NAI Mfr. Mfr. Total
Des. Description Part No. Code Part No. 154
CR73 Same as CR25

CR75 Same as CR3

CR77 Same as CR3

CR92 Diode 807689 04713 IN5279B 1
CR96 Diode 808852 09182 IN5712 1
J4 Header 807107 76381 3429-2002 1
J7 Connector 807212 16512 NC-200147 5
Js Same as J7

Jo Same as J7

J1l0 Same as J7

Jl1 Same as J7

K2 Relay 806971 20891 530-4-1A 4
K3 Same as K2

K4 Same as K2

K5 Same as K2

K6 Relay, SPDT 806959 20891 530-4-1C 1
Ll Choke, 33uh 804836 76493 9230-56 7
L2 Same as L1

L3 Same as L1

L4 Same as L1

L6 Same as L1

L7 Same as L1

L8 Same as Ll

Q1 Transistor 805059 04713 2N2906 8
Q2 Same as Q1

Q3 Same as Q1

R4 Same as Q1

Q5 Same as Q1

Q6 Same as Q1

Qo Transistor 808190 06001 GES 6002 17
Q10 Transistor 804583 01295 TISI3 2
Q11 Same as Q10

Q12 Same as Q9

013 Same as Q9



NAI TM 5001

Ref.
Des.
Q14
Q15
Q16
Q17
Q19

047

Q51
Q52
Q53
Q56
Q57
Q58

7-12

Replacement Parts List:

DescriEtion

Same as Q9
Same as Q9
Transistor
Transistor

Same as Q9

Same as Q1
Same as Q16
Same as Q9
Same as Q9
Transistor
Same as Q9
Same as Q1
Transistor
Same as Q9
Transistor
Same as Q9
Transistor
Same as Q9
Same as Q9
Same as Q29
Same as Q17
Same as Q17
Same as Q9
Same as Q9
Same as Q9
Same as Q9
Same as Q29
Transistor
Same as Q38

Transistor

Resistor, Composition
51k, 1/4W, 5%

Same as R1

NAI

Part No.

805808
804360

803662

804318

882779

806213

800872

807690
801985

Mfr.
Code

01295
07263

01295

04713

04713

01295

01295

04713
01121

Main Board - 500869 (Continued)

Mfr.
Part No.

TIS75
2N4360

2N3819

2N4851

2N5116

2N5246

2N1381

MPSA43
CB5135

Go

Total

32



cs NAI TM 5001

Replacement Parts List: Main Board - 500869 (Continued)

Ref. NAI M. Mfr. Total
Des. Description Part No. Code Part No. Qty
R3 Same as Rl
R4 Same as R1
R8 Same as Rl
RO Same as Rl
R10 Same as Rl
R11 Same as Rl
R12 Same as Rl
R13 Same as Rl
R14 Same as Rl
R15 Same as Rl
R16 Same as Rl
R17 Same as R1
R18 Same as R1
R19 Same as Rl
R20 Same as Rl
R21 Same as Rl
R22 Same as Rl
R23 Resistor, Composition 801006 01121 CB1035 10
10k}, 1/4W, +5%
R24 Same as R23
R25 Same as Rl
R26 Same as Rl
R27 Resistor, Composition 802757 01121 CB1545 5
150kQ, 1/4w, *5%
R28 Same as Rl
R29 Same as Rl
R30 Same as R27
R31 Same as Rl
R45 Resistor, Composition 802188 01121 CB4325 2
4.3k, 1/4W, *5%
R46 Resistor, Metal Film 806921 75042 MAR 5 Tl6é 9K, .02% 1
9kQ, .3W, *.02%
R47 Resistor, Metal Film 806922 75042 MAR 5 T16 900a, .02% 1
900Q2, .3W, *.02%
R48 Resistor, Metal Film 806924 75042 MAR 5 T16 1000, .02% 1

100, .3wW, *.02%

7=13



NAI TM 5001

R51

R52

R53

R66

R67
R68
R69
R70

R71
R72

R73
R74
R75
R76
R77
R78
R79
R8O
R81
R82

R83
R84
R85
R86
R87
R88

7-14

Replacement Parts List:

Description

Resistor, Metal
735Q,

Resistor, Metal
10k,

Resistor, Composition
2k, 1/4w, *5%

«3W,

.3W,

Same as R53

Resistor,

20kQ,

Resistor, Composition
12kQ, 1/4W, +5%

.3W,

Film

Film

Metal Film

NAI
Part No.

807175

807176

801094

806919

801721

Resistor, Variable 500Q,*20% 806909

Same as R65

Same as R65

Resistor, Composition
15k, 1/4W, *5%

Same as R53

Resistor, Metal Film

2400, 1/4w, *2%

Same
Same
Same
Same
Same
Same
Same
Same

Same

Resistor, Composition
5600, 1/4W, *5%

Same
Same
Same
Same

Same

Resistor, Variable 1KQ

as

as

as

as

as

as

as

as

as

as

as

as

as

as

R65
R65
R53
R70
R67
R65
R65
R53
R70

R53
R72
R65
R65
R70

801988

807184

802258

807227

Mfr.
Lode

75042

75042

0l121 -

75042

01121

32997

01121

16299

01121

32997

Main Board - 500869 (Continued)

Mfxr.
Part No.

MAR 5 T16 7350, .1%
MAR 5 T16 10K, .1%

CB2025

MAR 5 T16 20K, .1l%

CB1235

3386P~1-~501

CB1535

C4 240Q, 1/4wW, 2%

CE5615

3299W-1-102

C5

Total

11

10

11



Ref.
Des.

RB89

R90
ROl

R92

R96

RO97

RO8

R99

R100
R101
R102
R103
R104
R105
R106
R107
R108
R109
R110

R111

R112

R113
R115

Replacement Parts List:

Description

Resistor, Metal Film
75k§l, .3W, *.1%

Resistor, Metal Film
75k, J3W, *.1%

Same as R66

Resistor, Composition
820Q, 1/4w, *5%

Resistor, Composition
3MQ, 1/4wW, 5%

Resistor, Variable, 50KQ
Same as RB89

Resistor, Wirewound
250k £.1%

Resistor, Metal Film
75k, 1/4W, *2%

Resistor, Composition
130kQ2, 1/4wW, *5%

Same as R53
Same as R88
Same as R89
Same as R66
Same as R9l
Same as R92
Same as R93
Same as RB9
Same as R95
Same as R96
Same as R97
Same as R53

Resistor, Metal Film
7.5kQ, 1/8W, *1%

Resistor, Metal Film
10k, 1/8W, *1%

Resistor, Composition
8.2kfl, 1/4wW, *5%

Same as R23

Resistor, Metal Film
46.4k2, 1/8W, *1%

NAI TM 5001

Main Board - 500862 (Continued)

NAI
Part No.

806920

807546

801402

804966

806911

807327

807183

801394

807585

807588

802080

807591

Mfr.
Code
75042

11880

01121
01121

32997

11880

16299

01121

QPL
QPL

01121

QPL

Mfr.
Part No.
MAR 5 Tlé 75K, .1l%

MPC1B

CB8211

E€B3055

3299W503

MPClA

C4 75K, 1/4wW, 2%

CB1345

RN55E7501F

RNS55E1002F

CBB225

RN55E4642F

Total

10

7-15



NAI TM 5001

Ref.
Des.

R116
R119

R120
R121
R122
R123

R124
R125

R126

R130
R131

R132
R134
R136
R137
R138
R139

R140
R141
R142
R143
r144
R145
R146
R147
R148

R149
R151
R152

7=16

Replacement Parts List:

Description
Same as R93

Resistor, Metal Film
93.1kQ2, 1/8W, *1%

Resistor, Variable 2kQ
Same as R119
Same as Rl

Resistor, Composition
10Q, 1/4wW, *5%

Same as R123

Resistor, Composition
1kQ, 1/4wW, *5%

Resistor, Composition
3.3kQ, 1/4W, *5%

Resistor, Select at Test

Resistor, Composition
1.5kQ, 1/4W, *5%

Same as R123

Resistor, Variable 10k
Same as R23

Same as R23

Same as R23

Resistor, Metal Film
20k, 1/8wW, *1%

Same as R139
Same as R23
Same as R131
Same as R53
Same as R53
Same as R139
Same as R139
Same as R70

Resistor, Metal Film
22.1kQ, 1/8W, *1%

Same as R93
Same as R70

Same as R139

Main Board - 500869 (Continued)

NAI Mfr.
Part No. Code
807587 QPL
8071095 32997
803784 01121
801004 01121
803388 01121
802232 01121
807729 02111
806544 16299
806936 16299

Mfr.
Part No.

RN55E9312F

3299W-1-202

CB1005

CB1025

CB3325

CB1525

162-10K

NC4 20K, 1/8W, 1%

NC4 22.1K, 1/8wW, 1%

Total

pty

2



5=

Ref.
Des.

R153
R154
g155

R160

R161
R163

R164
R166

R167
R168
R170
R171
R172
R173
R174

R175
R176
R177
Ris4

R185

R186

R187

Replacement Parts List:

Description
Same as R139

Same as R23

Resistor, Composition
36Q, 1/4wW, *5%

Same as R97
Same as R93

Resistor, Composition
240k, 1/4W, *5%

Resistor, Composition
5.1k, 1/4W, *5%

Resistor, Composition
20k, 1/4wW, 5%

Resistor, Variable 5k

Resistor, Composition
2008, 1/4wW, *5%

Same as R53

Resistor, Composition
1508, 1/4W, *5%

Same as Rl
Same as Rl
Same as R65
Same as R70
Sgme as R119
Same as Rl

Resistor, Metal Film
3900, 1/4W, 2%

Resistor, Variable 200
Same as R174
Same as R175

Resistor, Composition
150kQ, 1/2w, *5%

Resistor, Metal Film
5.6kQ, 1/8W, %1%

Resistor, Metal Film
110kQ, 1/8w, 1%

Same as R160

NAI TM 5001

Main Board - 500862 (Continued)

NAI Mfr.
Part No. Code
807341 01121
802084 01121
801397 01121
801636 01121
807197 32997
802226 01121
803672 01121
807177 16299
806913 32997
800856 01121
806718 16299
807592 QPL

Mfr.
Part No.

CB3605

Ce244:%

CB5125

CB2035

3299W-1-502
CB2015

€B1515

C4 390Q, 1/4w, 2%

3299wW-201

EB1545

C4 5.6K, 1/8W, 1%

RN55D1103F

Total

=17



NAI TM 5001

Ref.
Des.

R188

R189
R190

R191
R192

R193
R194
R195
R198
R199
R200
R201
R202
R203
R204
R205
R206
R207
R208

R209
R210
R211
R217
R218
R220

R221
R222

R223
R224
R225

7-18

Replacement Parts List:

Description

Resistor, Composition
6.2k2, 1/4W, *5%

Same as R160

Resistor, Composition
270k, 1/4W, *5%

Same as R27

Resistor, Composition
IMQ, 1/4W, *5%

Same as R27

Same as R23

Same as R126
Same as R188
Same as R188
Same as R131
Same as R159
Same as R126
Same as R131
Same as R93

Same as R126
Same as R131
Same as R188

Resistor, Metal Film
150k, 1/4wW, *2%

Same as R93
Same as R93
Same as R159
Same as R45
Same as R112

Resistor, Composition
39kQ, 1/4W, *5%

Resistor, Variable 2k{

Resistor, Composition
2.7kQ, 1/4wW, *5%

Same as R70
Resistor, Select at Test
Same as R131

Main Board - 500869 {Continued)

NAI MEx.
Part No. Code
801395 0l121
804400 01121
802730 01121
806239 16299
802081 01121
806910 32997
802191 01121

Mfr. Total

Part No. gtz
CB6225 9
CB2745 2
CB1055 2
C07 150K, 1/4wW, 2% E
CB3935 2
3386F-1-202 2
CB2725 1
1



Cl

Ref.
Des.

R227
R228

R229
R230
R231

R232
R233
R234

R235

R236
R237
R238
R239

R240
R241
F244
R245
R246
R247
R248
R249
R250
R251
R254
R255
R257
R258

R259

Replacement Parts List:

Description

Same as R1l1l2

Resistor, Metal Film
3.9k, 1/4W, *2%

Same as R148
Same as R70

Resistor, Metal Film
93.1kQ, 1/8W, *1%

Same as R221
Same as R220

Resistor, Metal Film
43kQ, 1/4W, *2%

Resistor, Metal Film
15kQ, 1/4w, *2%

Same as R159
Same as R70
Same as R190

Resistor, Composition
100k, 1/4wW, *5%

Same as R239
Same as R239
Same as R70

Same as R23

Same as R188
Same as R126
Same as R188
Same as R188
Same as R192
Same as RI112
Same as R126
Same as R112
Same as R112

Resistor, Composotion
91kQ, 1/4w, *5%

Resistor, Composition
22k, 1/4W, *5%

NAI

Part No.

804311

806931

807112

807181

801986

803240

802182

Mfr.
Code

16299

16299

16299

16299

01121

0l1l21

0l121

NAI TM 5001

Main Board - 500869 (Continued)

MfY.
Part No.

CO07 3.9K, 1/4wW, 2%

NC4 93.1K, 1/8W

C4 43K, 1/4W, 2%

C4 15K, 1/4wW, 2%

CB1045

CB9135

CB2235

Total

ety

7-19



QNTX T™M 5001

Ref.
Des.

R261

R263
R264
R265
R266
R268
R269

R271
R272

R273

R274

R275
R276

R277

R279

R282

R283
R284
R285

R286
R287

R288
R289
R290
R291
R293

7-20

Replacement Parts List:

Description

Resistor, Metal Film
33k, 1/8wW, *2%

Same as Rl
Same as Rl
Same as Rl
Same as Rl
Same as R66

Resistor, Composition
5.6k, 1/4W, *5%

Resistor, Select at Test

Resistor, Metal Film
2.61kQ, 1/8wW, *1%

Resistor, Metal Film
39k, 1/4wW, *2%

Resistor, Composition
10MQ, 1/4W, #5%

Same as R93

Resistor, Composition
2.2MQ, 1/4W, *5%

Same as R126
Resistor, Composition
10Q, 1/4W, 5%

Resistor, Metal Film
2.49k0, 1/8wW, *1%

Same as R93
Same as R27

Resistor, Composition
1000, 1/4wW, #*5%

Same as R131

Resistor, Composition
430Q, 1/4wW, #5%

Same as R126
Same as R239
Same as R160
Same as R274
Same as R188

Main Board - 500869 (Continued)

NAI

Part No.

806743

805190

806930

807205

803389

804297

883106

807590

801981

801399

Mfr.
Code

16299

QPL

16299
16299

01121

01121

01121

QPL

01121

01121

Mfr.
Part No.

NC4 33K, 1/8W, 2%

RCRO7G562JP

NC4 2.61K, 1/8W, 1%

C4 39K, 1/4W, 2%

CB1065

CB2255

CB1005

RN55E2491F

CB1015

CB4315

€5

Total

Qty



C5

Ref.
Des.

R294
R295
R296

R300
R301
R302

R305
R306

R307

R308

R309

R311

R312

R313

R314

R315
R316

R320
R321

sl
52
s3

Replacement Parts List:

Description

Same as R188
Same as R66

Resistor, Metal Film
470Q, 1/4W, *2%

Same as R296

Resistor, Composition
2708, 1/4wW, *5%

Same as R285
Same as R66

Resistor, Metal Film
68.10, *1%

Same as R131

Resistor, Metal Film
2k, 1/8W, *1%

Resistor, Metal Film
22.1kQ, 1/8W, *1%

Resistor, Metal Film
51.1kQ, 1/4wW, *1%

Resistor, Metal Film
91k, 1/4w, *2%

Resistor, Metal Film
1.98kQ2, .3W, *.1%

Resistor, Metal Film
432Q, 1/8wW, *.1%

Resistor, Metal Film
2.509kR, 1/8w, *.1%

Resistor, Composition
1200, 1/4w, *5%

Same as R314

Resistor, Composition
1.2k, 1/4W, *5%

Same as R66

Resistor, Composition
200kQ2, 1/4w, *10%

Switch, Range, Mod. 7-pos.
Switch, Ref. (In-Out) 2-pos.
Switch, Function Mod. 6-pos.
Switch, 115V-230V

ONTX TM

Main Board - 500869 (Continued)

NAI
Part No.

807329

802190

808176

807584

807586

805911

804301

807791

808022

808021

802204

801982

803243

808715
808717
808716
B06675

Mfr.
Code

16299

0l1l21

01121

QPL
QPL
QPL
16299
75042
75042
75042

01121

01121

01121

71590
71590
71590
79727

Mfr.
Part No.

C4 4702, 1/4wW, 2%

CB2715

CC68N1F

RN55N2001F

RN60E2212F

RN65C5112F

C07 91K, 1/4wW, 2%
MAR 5 T16 1.98K, .1l%
MAR 5 T16 4322, .1l%
MAR 5 T16 2.509K, .l%

CB1215

CB1225

CB2045

PBl5-7-2-1L
PBl15-2~-2~1L
PB15-6-2-1L
G-326

5001

Total

N
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NAI TM 5001

Ref.
Des.
\'Al
Xzl
XZ2
Xz3
XZ4
XZ5
Xz6
XZz7
Xz8
Xz9
XZ10
Xz1l1
Xz12
Xz13
Xz14
Xz15
Xz16
Xz17
Xz1ls8
XZz19
XZ29
XZ30
Xz31
XZ32
XZ33
XZ34
XZ35
XZ36
Xz37
Xz38
XZ39
X2Z40
X241
XZ42

7-22

Description

Replacement Parts List:

Raysistor

Socket,

Same

Same

as

as

Socket,

Same

Same

as

as

Socket,

Same
Same
Same

Same

as

as

as

as

Socket,

Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same

Same

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

14-pin
Xzl
Xzl
8-pin
Xz1
XZ1
8-pin
Xzl
Xz7
Xz7
Xz7
l16-pin
Xz7
Xz7
Xz7
Xz7
Xz7
Xz7
Xz7
Xzl
Xzl
Xzl
Xzl
Xzl
Xzl
Xz7
Xz7
Xz12
Xz1
Xzl
Xzl
Xz7
Xz7

NAI Mfr.
Part No. Code

806972 49956
807473 09922
808406 09922
805671 82110
807474 09922

Main Board - 500869 (Continued)

Mfr.
Part No.

CK2139
DILB-14P-11

DILE-8P-108

A23-2052

DILB-16P-11

Total

26

24



cé NAI TM 5001

Replacement Parts List: Main Board - 500869 (Continued)

Ref. NAI Mfr. Mfr. Total
Des. Description Part No. Code Part No. oty
XZ43 Same as XZ1l

Xz44 Same as XZ7

Xz45 Same as XZ7

XzZ46 Same as XZ7

X247 Same as XZ7

XZ48 Same as XZ7

Xz50 Same as XZ1

Xz51 Same as XZ1

Xz52 Same as XZ1

XZ53 Same as XZ1

XZ54 Same as XZ1

XZ55 Same as XZ1

XZ56 Same as XZ1

Xz57 Same as XZ1

Xz58 Same as XZ1

Xz60 Same as XZ1

XzZ6l Same as XZ7

XZ62 Same as XZ7

XZ63 Same as Xz7

XzZe4 Same as XZ4

zl Integrated Circuit 804344 04713 MC B836P 3
22 Integrated Circuit 806952 01295 SN7426N B
23 Integrated Circuit 804458 04713 MC B49P 3
z4 Integrated Circuit 808412 01295 SN75452BP 2
z5 Same as 22

Z6 Same as 25

z7 Integrated Circuit 807478 07342 Selected LM301AH 2
z8 Same as Z5

29 Integrated Circuit 808145 12040 LF357H

zZ10 Integrated Circuit 807428 12040 LM138H 2
z11 Same as 27

z12 Integrated Circuit 808048 07342 Selected LM301AH 1
13 Integrated Circuit 806347 49956 LM301AH 5
z14 Integrated Circuit 808172 06665 OP-02 CJ 2

7-23



NAI TM 5001

Replacement Parts List: Main Board - 500869 (Continued)

Ref. NAI Mfr. Mfr.
Des. Description Part No. Code Part No.
Z15 Same as Z13
' z16 Same as Z14
z17 Same as Z13
z18 Same as Z10
219 Integrated Circuit 804069 04713 . MC1709CG
220 Rectifier 806969 30857 VH-148
221 Same as Z20
222 Same as 220
223 Rectifier 805744 30857 VE-48
224 Same as 223
Z25 Same as Z23
Z26 Integrated Circuit 808271 QPL LM7805KC
227 Same as 226
Z28 Same as 226
229 Same as Z3
230 Same as Z3
231 Integrated Circuit 805026 07263 946DC
232 Same as 231
233 Same as Z1
234 Integrated Circuit 804807 07263 2000DC
235 Integrated Circuit 885122 01295 SN54H04J/883B
Z36 Integrated Circuit 806051 49956 RC741T
237 Integrated Circuit 804833 12040 9300DC
z38 Integrated Circuit 804939 07263 937DC
Z39 Same as Z31
Z40 Same as Z1
z41 Same as Z36
242 Same as Z36
243 Same as Z31
z44 Same as 29
Z45 Same as Z36
zZ46 Same as 236
z47 Same as Z13
248 Integrated Circuit 808145 12040 LF357H

7-24
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coh

Ref.
Des.
250
z251
z52
zZ53
Z54
Z55
Z56
z57
Z58
260
z6l
z62
263
z64

Replacement Parts List:

DescriEtion

Integrated
Integrated
Integrated
Integrated
Integrated
Integrated
Same as 251
Same as 254
Same as 255
Same as Z55
Op Amp

Integrated

Integrated Circuit

Same as Z4

Circuit
Circuit
Circuit
Circuit
Circuit

Circuit

Circuit

Main Board - 500869 (Continued)

NAI Mfr.
Part No. Code
805456 07263
806504 01295
806505 01295
806948 07263
806122 01295
804883 01295
808430

885101 34371
807797 12040

Mfr.
Part No.

9601DC

SN7420N
SN7404N
7492APC

SN7410N
SN7400N

OP-16
HA2-5115-5
LF356AH

NAI TM 5001

Total

Ww N = NN

7=-25



Ref.
Des.

Cls8

Ccl°

ce4
CEé>

O
[
[
W

N
[ =
~J
w

Cl76

R150

R162

Rl6°

B319

Replacement Parts List:

Description

Capacitor, Polystyrene
.001uf, 100V, 1%

Capacitor, Polystyrene
«022:£, 100V, =1\

Same as Cl9
Same as Cl8

Carpacitor, Polycarbonate
022, £, S0V, *10%

Capacitor, Polycarbonate
+047uLE, S0V, 210%

Caracitor, Polycarbonate
2500cf, 500V, =2%

Caracitor, Mica
180pf, 500V, =21%

Same as Cl38

Cagpacitor, Mica
S0pf, 500V, =1%

Same as Cl175

Resistor, Metal Film
10k%, 3w, =2.1a

Resistor, Metal Film
T5K%, «3W, 2.l1%

Resistor, Metal Film
2405, 1/4wW, *2%

Same as R57
Same as R128
Same as R37

Resistor, Variable 1KQ
Same as RS7

Resistor, Composition
20k2, 1/4W, *5%

Resistor, Composition
130k2, 1/4w, =5%

Resistor, Metal Film
16.5kQ, 1/4wW, =1s

Resistor, Composition
82k, 1/4wW, =5%

Resistor, Variable 100Q

NAl Mfr.
Part No. Code
808065 84171
808073 84171
806897 14752
807185 14752
B07404 72136
B07433 72136
807436 72136
B07176 75042
806920 75042
807184 16299
807184 16299
801636 01121
801394 01121
807166 16299
802083 01121
807198 32997

Main Board Frequency - 400 Hz

Mfr.
Part No,

1PG102F

1PG223F

625B1A223K

625B1A473K

DM19-252G

DM15-181F

DM15-500F

MARS T16-10K,.3W,.1%
MARS T16-75K,.3W,.1%

C4-240Q, 1/4w, 2%

C4-1X,1/2w

CB2035

CB1345

C4-16.5K,1/4W, 1%

CBB235

3299w=-1-101

Tota

Qry
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Cé

Ref.
Des.

Cl

c2
C3
Cc4
C5

DSl
DS2
DS3
D54
DS5
Dsé
DS7
DS8
DS9
DS10
DS1ll
DSl2
Ds13
Jl
J2
Ll
L2
L3

Q1

02

2R T

Replacement Parts List:

Descrigtion

Capacitor, Ceramic
<IUE,; 25V

Same as Cl
Same as Cl
Same as Cl

Capacitor, Mica
91pf, 500V, #5%

Readout Diaplay
Readout Display
Lamp

Same as DS3
Same as DS3
Same as DS3
Same as DS3
Same as DS3
Same as DS3
Same as DS3
Same as DS3
Same as DS3
Same as DS3
Header

Same as J1
Choke, 33uh
Same as L1

Same as L1

Same as L1l

Transistor

Same as Q1
Same as Q1
Same as Q1

Resistor, Composition
47kQ, 1/4W, 5%

Resistor, Compositicn
330kQ, 1/4wW, %5%

NAI Mfr.
Part No. Code
880640 95750
807258 72136
807669 73138
807670 73138
806963 24138
807107 76381
803823 76493
807406 04713
801638 01121
803553 01121

Readout Board - 783590-1, =2

Mfr.

Part No.

CKO6BX104K

DM15BD910J

SP351
SP353
2203-AS25

3429-2002

9310-52

2N5550

CB4735

CB3345

NAI T™M 5001

11

11



NAI TM 5001

Ref.
Des.

R3

R4
R5
R6
R7
R8
RO
R10
R11

R13
R14
R15

R17

R18
R19
R20
R21

R22
R23

R26
21
z2
Z3
Z4
25
Z6
27
z8
Z9

7=32

Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same

Same

Replacement Parts List:

Descrigtion

Resistor, Composition
130kQ, 1/4wW, 5%

as

as

as

as

as

as

as

as

as

as

as

as

as

R2
R2
R2
R2
Rl
R1
R2
R2
R2
R2
Rl
R2
R2

Resistor, Composition
10kf2, 1/4wW, 5%

Same as R17

Same as R17

Same as R17

Resistor, Composition
2:2K0,: Y/2W,; 5%

Same as RZ1

Same as R21

Same as R21

Same as R3

Integrated Circuit

Same as Z1

Same as Z1

Same as Z1

Integrated Circuit

Same as Z5

Same as Z5

Same as Z5

Integrated Circuit

Cé

Readout Board - 783590-1, -2 (Continued)

NAI Mfr.
Part No. Code
801394 01121
801006 01121
800079 D1121
806945 07187
806149 01295
806798 01295

Mfr. Total
Part No. gtx
CB1345 2
CB1035 4
EB2225 4
DD-700 4
SN7475N 4
SN74192N 4



cé

Replacement Parts List:

lpatio Option Only (-2 units only, see Appendix D)

Ref.

Des. Description

Z10 Same as Z°

Z11 Same as Z9

z212 Same as Z9

Z13 Integrated Circuit

z14 Integrated Circuit

Zl6 Same as Z13
Socket, Readout
(For DS1)
Socket, Readout
(For DS2)
Socket, Integrated Circuit
(For Z1 thru 212)
Socket, Integrated Circuit
For Z13 & 216)

r2s! Resistor, Composition
20002, 1/4w, *5%

z15! Integrated Circuit

Socket, I.C. l4-pin
(For z151)

Readout Board - 783590-1,

NAI Mfr
Part No. Code
808412 01295
804344 07263
807673 73138
807672 73138
808197 00779
808406 09922
802226 01121
804344 07263
807473 09922

NAI TM 5001

=2 (Continued)

Mfr.

Part No.

SN75452BP
936DC

Cs352

Cs353

640358-3

DILBO9P108

CB2015

936DC
DILB-14P-11

Total

12

7-33
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c2 NAI TM 5001

Replacement Parts List: A/D Converter - 783591

ef. NAI Mfr. Mfr. Total

Jes. Description Part No. Code Part No. oty

Lod Capacitor, Ceramic 880710 72982 831-000X5F0501K 3
500pf, 1000V, *10%

c2 Capacitor, Ceramic 806086 72982 5815-000Y50001042 7
+1uf, 25v, +80-20%

£3 Capacitor, Mica 807257 72136 DM15BD471J 1l
470pf, 500V, *5%

C4 Capacitor, Ceramic 880034 72982 5835-000-Y5U0103Z 13
.01uf, 25V, +80-20%

C5 Capacitor, Ceramic 880038 72982 801-000-X5F0102K 3
1000pf, 600V, #*10%

Ccé Capacitor, Ceramic 806883 72982 831-000-X5F0151K 5
150pf, 1000V, £10%

c? Capacitor, Mica 802425 72136 DM19-152K 1
1500pf, 500V, *10%

c8 Capacitor, Elect. Aluminum 807169 24318 PDA1IMS0 3
luf, 50V, +75-10%

Cc9 - Same as C8

C10 Same as C8

E12 Same as C2

Cl3 Same as C2

Cl4 Same as C5

Cl5 Same as C5

Cleé Same as Cé6

Ccl17 Same as Cl

C18 Same as Cl

Cl9 Same as C2

Cc20 Same as C2

c21 Same as C2

B22 Same as C2

Cc23 Same as Cé6

C24 Same as Cé6

C25 Same as C6

C26 Capacitor, Ceramic 880640 CKO6BX104K 4

.luf, 100V, *10%

c27 Same as C26
c28 Capacitor, Ceramic 806719 72982 831-000-U2J0330J A!‘
33pf, 500V, *5%




AI TM 5001

lef.
les.,

c29

CR3
CR4
CRS
CR6
CR8
CRO
CR11l
CR12
CR14
CR15

7-36

Replacement Parts List:

Description

Capacitor,
1uf, 1o0v,

Capacitor,

22pf,

Same as C30

Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same

Same

Diode

Same
Same
Same
Same
Same
Same
Same

Same

Diode

Same

Same

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

C30
c4
c4
C4
c4
c4
c4
cz2s
c4
c4
Cc4
Cs
c28
c4
Cc4
c26
c26

CR1
CRl
CR1
CRl
CR1
CRl1l
CR1
CR1

CR1
CR1

Met. Polyester
+10%

Ceramic
1000V,

*5%

A/D Converter - 783591 (Continued)

NAI Mfr.
Part No. Code
807569 74861
806885 72982
802924 07263
806957 04713

Mfr.

Part No.

1LMEP100

831-000-U2J0220J3

1N3069%

1N937

Total

27



Ref.
Des.

CR16
CR17
CR18
CR19
CR20
CR21
CR22
CR23
CR24
CR25
CR26
CR27
CR28
CR29
CR30
CR31
Jl
Jz2
J3
J4
J>5
K1l
K2
K3
K4
Ll
L2
L3

L5

Lé
L7

Q1

Replacemernt Parts List:

Description

Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Same as
Header
Same as
Same as
Same as
Same as
Relay

Same as
Relay

Same as
Choke,

Same as
Same as
Same as
Same as
Same as
Same as

Same as

CR1
CR1
CRl
CR1
CR1
CR1
CR1
CR1
CR1
CR1
CR1
CR1
CR1
CR1
CR1
CRl

Jl

Jl

Jl

Jl

K1l

K3

33ph

Ll
Ll
L1
Ll
Ll
Ll
Ll

Transistor

A/D Converter - 783591 (Continued)

NAI
Part No.

807107

806959

806960

804836

807535

Mfr.
Code

76381

20891

20891

76493

04713

Mfr.

Part No.

3429-2002

530-4-1C

360-4-2A

9230-56

2N4852

NAI TM 5001

Total

7-37



NAI TM 5001

Ref.
Des.

Q2
Q4

Q5

Q6

Q7

08

Q9

Q10
Q11
Q12
Q14
Q15
Ql6
Q17
Q18
Q19
021
022
Q23
024
025
026
Q27
028
Q29
Q30

R2

R3
R4

R5

7-38

Replacement Parts List:

Description
Transistor

Transistor

Same as Q4
Same as Q2
Same as Q2
Same as Q2
Transistor
Same as Q9
Same as Q9
Transistor
Same as Q12
Same as Q2
Transistor
Same as Q1l6
Same as Q1l6
Same as Q18
Same as Q2
Same as Q2
Same as Q12
Transistor
Same as Q24
Same as Q12
Same as Q2
Same as Q12
Transistor
Same as Q29

Resistor, Composition
6.8k, 1/4W, 5%

Resistor, Composition
6.2kQ, 1/4W, *5%

Potentiometer, 50k{,*10%

Resistor, Composition
22k, 1/4wW, *5%

Resistor, Composition
1009, 1/4W, #5%

A/D Converter - 783591 (Continued)

NAI
Part No.

804088
807406

805808

803662

805059

804360

808190

802189
801395

808051
802182

801981

Mfr.
Code

04713
04713

01295

01295

QPL

07263

06001

01121
01121

32997
01121

01121

Mfr.
Part No.

2N4123

2N5550

TI1S75

2N3819

JAN 2N2906

2N4360

GES6002

CB6825

CB6225

3279W-1-503
CB2235

CB1015

cZ



Ref.
Jes,

RE

R8

R11

R12
R13

R14

R15

R16

R17
R18

R19
R20
R21
R22
R23
R24
R25

R26

R27

R29

R30

R31
R32

R33

Replacement Parts List:

DescriEtion

Resistor, Composition
5.1kf2; l/74wW, 5%

Resistor, Composition
2002, 1/4wW, *5%

Resistor, Composition
15k, 1/4wW, *5%

Same as Rl1

Resistor, Composition
2R, 1/2W, *5%

Resistor, Composition
1IMQ, 1/4W, *5%

Resistor, Composition
47k, 1/4wW, *5%

Resistor, Composition
150k8, 1/4W, #5%

Same as R14

Resistor, Composition
68k, 1/4W, *5%

Same as Rl4
Same as R15
Same as R1l4
Same as R6
Same as R1
Same as R2

Resistor, Metal Film
390, 1/4wW, 2%

Resistor, Composition
10kQ, 1/4W, *5%

Same as R26
Same as RS

Resistor, Composition
62k, 1/4W, #5%

Resistor, Composition
30kQ, 1/4wW, 5%

Same as R30

Resistor, Composition
180kQ, 1/4W, *5%

Same as Rlé6

A/D Converter = 783591 (Continued)

NAI Mfr.
Part No. Code
801397 01121
802226 01121
801988 0l1l21
806793 01121
802730 01121
801638 01121
802757 01121
801003 01121
807205 QPL
801006 01121
802082 01121
801396 01121
802903 01121

Mfr.
Part No.

CB5125
CB2015

CBl1535

EB20G5
CB1055
CB4735

CB1545

CB6835

RL0O7S393G

CB1035

CB6235

CB3035

CB1845

NAI TM 5001

Total

10
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NAI TM 5001

Ref.
Des.

R34
R35

R36

R37

R38

R39
R40

R4l
R42
R43

R44

R47

R48
R4S

R50
R51
R52
R53
R54
R55
R56
R57
R58
R59
RE0O
R61
R62
R63

7-40

Replacement Parts List:

Description
Potentiometer, 50kQ, *10%

Resistor, Composition
3.9k}, 1/4wW, *5%

Resistor, Composition
27k, 1/4w, *5%

Resistor, Composition
1kQ, 1/4W, +5%

Resistor, Composition
4.7kQ, 1/4wW, 5%

Same as R35

Resistor, Metal Film
232kfi, 1/8W, *2%

Same as R14
Same as Rl4

Resistor, Composition
51k, 1/4W, +5%

Resistor, Composition
24kQ, 1/4wW, 5%

Resistor, Composition
1.2k, 1/4W, #5%

Same as R34

Resistor, Composition
150kQ, 1/4wW, *5%

Same as R43
Same as R43
Same as R49
Same as R49
Same as R35
Same as R36
Same as R37
Same as R38
Same as R35
Same as R35
Same as R36
Same as R37
Same as R38

Same as R35

A/D Converter - 783591 (Continued)

NAI Mfr.
Part No. Code
806911 32997
801409 01121
802256 01121
801004 01121
801407 01121
806937 16299
801985 01121
801393 01121
801982 01121
802757 01121

Mfr.
Part No.

3299W503
CB3925

CB2735
CB1025

CB4725

C4, 232K, 2%

CB5135

CB2435

CBl1225

CB1545



NAI TM 5001

Replacement Parts List: A/D Converter - 783591 (Continued)

Ref. NAI Mfr. Mfr. Total
Des. Description Part No. Code Part No. oty
R64 Resistor, Composition 804212 01121 CBl615 2
1602, 1/4wW, *5%

R65 Same as R2

RG6 Same as R64

R67 Same as R5

RE8 Resistor, Variable 2kQ 806942 18612 12002P2K 1

R69 Resistor, Composition 807165 01121 CB9115 3
9109, 1/4W, 5%

R73 Resistor, Metal Film 808025 75042 MAR3, 15K, .1l% k B
15k, 1/4W; *.1%

R76 Same as Rl

R77 Resistor, Composition 804062 01121 CB4305 3
430, 1/4W, +5%

R78 Same as R49

R7¢9 Same as R34

RBO Same as R49

R81 Resistor, Composition 806093 01121 CB4745 ]
470k§l, 1/4W, *5%

R82 Resistor, Composition 801008 01121 CB9125 1
9.1kQ, 1/4W, 5%

R83 Resistor, Metal Film 807168 16299 4 22.1K;. 1% 1
22.1k%; 1/4W,; 1%

R84 Resistor, Metal Film 807166 16299 C4, 16.5K , 1% 2
16.5k}, 1/4wW, *1%

R8BS Same as R1lé6

RB6 Resistor, Variable 10K, 10% 806724 32997 3386pP-1-103 3

R87 Resistor, Composition 801636 01121 CB2035 2
20kQ, 1/4wW, 5%

R88 Resistor, Composition 801406 0l121 CB3025 2
3kQ, 1/4w, *5%

RB9 Same as R49

RO0 Resistor, Composition 804324 01121 CB7545 1t
750k, 1/4wW, *5%

R91 Resistor, Composition 802255 01121 CB1135 1
11k, 1/4wW, *5%

RrR92 Same as R84

R94 Resistor, Metal Film 807167 16299 C4,; 38.3K; 1% 1

38.3kQD, 1/4W, *1%

7-41



NAI TM 5001

Ref.
Des.

R95
R96
R97
R101
R102
R110
R111

R112

R113
R114

R115
R116
R117
R118
R119

R120

R121

R122

R123
R124

R125
R126
R127
R128
R129

Replacement Parts List:

Description
Same as RB6
Same as R87
Same as R88
Same as R49
Same as R16
Same as R49

Resistor, Composition
390k{, 1/4wW, 5%

Resistor, Composition
5.6k, 1/4W, *5%

Same as R11l2

Resistor, Composition
820kQ, 1/4W, *5%

Same as R86
Same as R43
Same as R44
Same as R26

Resistor, Composition
39kQ, 1/4wW, 5%

Resistor, Composition
3.6k{l, 1/4wW, 5%

Resistor, Metal Film
5kft, .3W; %.1%

Res., Wirewound (Alternate)
5k§{i, *5PPM, *.1%

Resistor, Composition
2.4kQ, 1/4W, *5%

Same as R5

Resistor, Composition
240k}, 1/4wW, *5%

Same as R111
Same as R34

Same as R121

Resistor, Variable 200Q,%10%

Resistor, Metal Film
20k, .3W, *.1%

Res., Wirewound (Alternate)
20k, 1/4w, *.1%, *5PPM

A/D Converter - 783591 (Continued)

NAI
Part No.

801987

801983

804248

802081
801398
806932
807548

801408

802084

806913
806919

80754¢

Mfr.
Code

01121

01121

01121

01121
01121
75042
11880

01121

01121

32997
75042

11880

Mfr.
Part No.

CB3945

CB5625

CB8245

CB3935

CB3625

MAR5 T16, 5K, .1l%
MPC 1B, 5K, .l%

CB2425

CB2445

3299W-201
MARS T16, 20K, .1%

MPC 1B, 20K, .l%

Total

2



NAI TM 5001

Replacement Parts List: A/D Converter - 783591 (Continued)

Ref. NAI Mfr. Mfr. Total
pes: Description Part No.  Code Part No. ety

R130 Same as Rl4

R131 Resistor, Metal Film 807323 75042 MARS Tl6, 43.3K, 2
43,5kQ, .3W, *.1% 1% '
Res., Wirewound (Alternate) 807547 11880 MPC 1B, 43.5K, .1l%
43.5k2, 1/4W, *.l%, *5PPM

R132 Resistor, Variable 500Q, *10% 807164 32997 3299w 2

R133 Resistor, Composition 802904 0l121 CB3635 2
36kQ, 1/4W, 5%

R134 Resistor, Composition 801094 01121 CB2025 2
2kQ, 1/4W, #5%

R135 Same as R8

R136 Resistor, Metal Film 806933 75042 MARS5 T16, 40K, .1l% 2
40k2, .3W, *.1%
Res., Wirewound (Alternate) 807550 11880 MPC 1B, 40K, .1l%
40kQ, 1/4W, *.1%, *5PPM

R137 Same as R14

R138 Same as R16

R139 Same as R69

R140 Same as R26

R141 Same as R77

R142 Same as R16

R143 Same as R34

R144 Same as R119

R145 Same as R120

R146 Same as R121

R147 Same as R34

R148 Same as R1l1ll

R14°9 Same as R122

R150 Same as RS

R151 Same as R124

R152 Same as R1l21

R153 Same as R128

R154 Same as R129

R155 Same as R133

R156 Same as R134

R157 Same as R8B
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NAI TM 5001

Ref.
Des.

R158
R159
R160
R161
R162
R163
R164
R165
R166
R167
R168
R169
R171
R172

R173

R174

XZ1

XZ2
XZ3
Xz4
XZ5
XZ6
Xz7
Xz8
XZ9
XZ10
Xz1l1
X212
Xz13
XZ14
XZ15
XZ1l6
Xz17
Xz18
XZ19
XZ20
XZ21
XZ22

7-44

Replacement Parts List:

Description

Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same

Same

Resistor, Composition

as

as

as

as

as

as

as

as

as

as

as

as

as

R136
R14
R131
R132
R14
R16
R39
R26
Rl6
R77
R34
R2
R26

200k, 1/4w, *5%

Resistor, Metal Film

4.53k2,

Resistor, Metal Film

7.5k,

Socket,

Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same

as
as
as
as
as
as
as
as
as
as
as
as
as
as
as
as
as
as
as
as
as

1/8W, *.1%

1/8W, +1%

I.C., 14-pin

Xzl
Xz1
Xzl
Xzl
XZ1
Xzl
Xzl
XZ1
Xzl
XZ1
XZ1
Xzl
Xzl
Xz1
Xz1
Xzl
XZ1
Xzl
XzZ1
XZ1
Xzl

A/D Converter - 783591 (Continued)

NAI Mfr.
Part No. Code
803243 01121
808159 75042
807585 QPL
807473 09922

Mfr.
Part No.

CB2045
MAR5 T16, 4.53K,
.1%

RNS5E7501F

DILB-14P-11

Total

26



NAI TM 5001

Replacement Parts List: A/D Converter - 783591 (Continued)

Ref. 7 NAI Mfr. Mfr. Total
Des. Description Part No. Code Part No. Qty
Xz23 Socket 805671 82110 Type A23-2052 12

Xz24 Same as XZ23

XZ25 Same as XZ23

Xz26 Same as XZ1

Xz27 Same as XZ23

XZ29 Same as XZ23

Xz30 Same as XZ23

Xz31 Same as XZ23

XZ33 Same as XZl

XZ34 Same as XZ23

XZ35 Same as XZ23

XZ36 Same as XZ23

XZ37 Same as XZ23

XZ38 Same as XZ23

XZ39 Same as XZ1

XZ40 Same as XZ1

XZ42 Socket, I.C., 16-pin 807474 09922 DILB-16P-11 3 4
z1l Integrated Circuit 805026 07263 946DC 5
zZ2 Integrated Circuit 805807 07263 962DC 3
Z3 Same as Z2

24 Integrated Circuit 805032 07263 2930DC 1
25 Integrated Circuit 804344 07263 936DC 3
Z6 Same as Z1

z7 Same as 25

Z8 Same as Z1

z9 Same as 25

z10 Integrated Circuit 804458 07263 949DC 3
211 Integrated Circuit 804883 01295 SN7400N 6
z12 Same as Z11

Z13 Same as Z1l1l

z14 Same as Z11

zZ15 Same as Z1l0

zZl6 Same as Z1l1

217 Integrated Circuit 804807 07263 9000DC 1
Z18 Integrated Circuit 806121 07263 7490ADC 1
zZ19 Same as Z1l1

220 Integrated Circuit 806961 01295 SN74121N 2
z21 Same as Z20

z22 Same as Z2

7-451



NAI T™M 5001

Ref.
Des.

z23
224
z25
Z26
227
z28
Z29
230
z31
233
234
235
I 236
Z37
z38
z39
Z40
z41
z42

7-46

Replacement Parts List:

Description
Operational Amplifier
Operational Amplifier
Operational Amplifier
Same as Z1
Same as Z24
Module Resistor Network
Same as Z23
Same as Z24
Same as 224
Integrated Circuit
Same as Z24
Same as 224
Integrated Circuit
Same as 224
Same as Z36
Same as Z10

Same as Z1

Precision Reference Source

Integrated Circuit

A/D Converter - 783591 (Continued)

NAI
Part No.

807797
806051
806347

807208

803802

807478

808030
807722

Mfr.
Code

12040
12040
12040

07342

07263

07342

12040
01295

Mfr.
Part No.

LF356
LM741CH
LM301AH

807208

932DC

Selected 301A

LM399H

'SN74123N
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NAI T™ 5001

A/D Converter, Parts Locator (Sheet 2 of 2)

Il Figure 7-3.



cé NAI TM 5001

Replacement Parts List: Reference Isolation Board - 783601-2

Ref. NAI Mfr. Mfr. Total
Des. Description Part No. Code Part No. Pty
Ccl Capacitor, Polycarbonate 807240 14752 625B-1A-405K 1
4uf, 50V, *10%

c2 Capacitor, Trim .25-1.5pf 806970 74970 273-0001-001 1

c3* Capacitor, Mica 802619 72136 DM15-010D 1
1pf, 500V, *10%

c4 Capacitor, Mica 802315 72136 DM15-751J 1
75-pf, 300V, #5%

ce Capacitor, Ceramic 880034 72982 5835-000-Y5U01032 2
.0luf, 25V, +B0-20%

Cc7 Same as Cé6

Cc8 Capacitor, Elect. Tantalum 807656 56289 109D227X0030F2 2
220uf, 30V, +20-15%

Cc9 Same as C8

Cl0 Capacitor, Mica 802421 72136 DM15-050K 1
5pf, 500V, #5%

€1l Capacitor, Trim 807216 72982 538-011-A-2-8PF 1
2-8pf, 200-350WVDC

CR1 Diode 802924 07263 1N3069

CR2 Diode 804416 04713 1N4736A 2

CR3 Same as CR2 )

Cr4 Same as CR1

CR5 ‘ Same as CR1l

CR6é -~ Diode 803368 04713 1N4744A 2

CR7 Same as CR6

DSl Lamp 806963 24138 2203-AS825 1

Kl Relay 806971 20891 530-4-1A i

Q1 Transistor 807247 04713 2N5777 1

Q2 Transistor 803529-2 04713 2N3499 x

Q3 Transistor 804899 04713 2N2219 H

Q4 Transistor 882328 04713 2N2905 1

Rl Resistor, Composition 802232 01121 CB1525 3 §
1.5k, 1/4W, *5%

R2 Resistor, Composition 802227 01121 CBl635 1
lek), 1/4wW, 5%

R3 Resistor, Composition 801393 01121 CB2435 i §
24k, 1/4w, #5%

R4 Resistor, Composition 801408 01121 CB2425 1

2.4kQ, 1/4W, %5%

*Some units have capacitors with selected nominal value of 2, 3, or 5pf.



NAI TM 5001
] Replacement Parts List: Reference Isolation Board - 783601-2 (Continued)
Ref. NAI Mfr. Mfr.
Des. Description Part No. Code Part No.
R5 Resistor, Metal Film 808722 01121 FM55X4993B
499k, 1/8W, *1%
R6 Resistor, Metal Film 808723 01121 FM55X2581B
2.58k0, 1/10W, *.1%
R7 Resistor, Metal Film 808724 QPL RNC55H9202FM
92.0kQ, 1/8W, *.1%
R14 Potentiometer 1lkQ, 1/2W 807227 32997 3299W-1-102
R16 Resistor, Composition 801636 01121 CB2035
20kQ2, 1/4W, *5%
R17 Resistor, Composition 801094 01121 CB2025
2k, 1/4W, #5%
R18 Same as R17
R19 Resistor, Composition 803784 01121 CB1005
10k, 1/4W, *5%
R20 Resistor, Composition 801981 01121 CB1015
100k, 1/4wW, *5%
R21 Same as R20
z1l Operational Amplifier 808511 12040 LM310H
Connector, 18-pin 807211 16512 NC-200148-01
TP2 b
° TP3 . -
' ' El Co
=L cralw [ C7
CRA M
W[CR5
@ R
c4
c3 K1 [Rie]
cB
R5
R1 &4
[C EE
D
R
K3
SISE o RZ
k| -
I o2 B
) 4

Figure 7-4.

Reference Isolation Board,

Parts Locator

cé

Total




Cé

Ref.
Des.

C1

c2
C3

c4

C5

cée

c7
cs

co
Clo0

Cll
Cl2

Cl3

CR1
CR2
CR3
CR4
CR5
CR6
CR7

DSl

e

Replacement Parts List:

Description

Capacitor, Polycarbonate
.68uf, 400v, *10%

Capacitor, Trim .25-1.5pf

Capacitor, Polystyrene
.011uf, 100V, 2%

Capacitor, Ceramic
820pf, 1000V, *20%

Capacitor, Elect. Aluminum
47uf, 35V, +100-0%

Capacitor, Ceramic
.0luf, 25v, +80-20%

Same as C6

Capacitor, Elect. Tantalum
220uf, 30V, +20-15%

Same as C8

Capacitor, Polystyrene
22pf, 750V, 5%

Same as Cl0

Capacitor, Mica
910pf, 500V, %5%

Capacitor, Mica
33pf, 500V, #5%

Diode
Diode
Same as CR2
Same as CRI1
Same as CR1
Diode
Same as CR6
Diode
Lamp
Relay
Choke, 68uh
Transistor
Transistor
Transistor

Transistor

NAI Mfr.
Part No. Code
807647 12406
806970 74970
807213 84171
806210 QPL
807246 24138
880034 72982
807656 56289
808288 26625
802333 72136
803610 72136
802924 07263
804416 04713
803368 04713
803205 04713
806963 24138
808020 95073
807649 83125
807247 04713
803529 04713
804899 04713
882328 04713

Mfr.
Part No.

ZD4Rn684X

273-0001-0
1PTL113G

CK60AWB21M
PCD47PF35

5835-000-Y

109D227X00

M.I.A.C.60

DM19-911J
DM10OE330J0

1N3069
1N4736A

1N4744A

1IN972B
2203-AS25
808020
DD68
2N5777
2N3499
2N2219
2N2905

NAI TM 5001

Signal Broadband Isolation Board - 783602-2

Total
ety

01 1

5001032 2

30F2 2

2 2

500WV4CR 1

L = I R T S R R S

7=51



NAI TM 5001 cé

I Replacement Parts List: Signal Broadband Isolation Board - 783602-2 (Continued)
Ref. NAI Mfr. Mfr. Total
Des. Description Part No. Code Part No. oty
R1 Resistor, Composition 802232 01121 CB1525 1
1.5kQ, 1/4W, #5%
R2 Resistor, Composition 802227 01121 CB1625 1
16k, 1/4wW, *5%
R3 Resistor, Composition 801393 01121 CB2435 1
24kQ, 1/4W, *5%
R4 Resistor, Composition 804162 QPL RC32GF911J 1
910, 1W, *5%
R5 Resistor, Metal Film 807342 03888 PMEG64T9 1
10MQ, 1/4W, *10%
RE Resistor, Metal Film 806923 75042 MARS Tl16 9.9K, .1l% 1
9.9k, .3W, *.1%
R7 Potentiometer, 200k, 1/2W 806913 32997 3299W201 3
R8 Resistor, Composition 803389 0l121 CB1065 1
10MQ, 1/4W, *5%
R10 Resistor, Wirewound 807231 91637 Cw=7 1
27k, 9w, *5%
R11 Resistor, Composition 801985 01121 CB5135 2
51k, 1/4W, *5%
R12 Same as RI11l
R13  Resistor, Composition 801636 01121 CB2035 2
20kQ, 1/4W, *5% '
R14 Potentiometer, 1k, 1/2W 807227 32997 3299wW-1-102 1
R16 Same as R13
R17 Resistor, Composition 801094 01121 CB2025 2
2k, 1/4W, 5%
R18 Same as R17
R20 Resistor, Composition 801981 01121 CB1015 2
100k}, 1/4W, 5%
R21 Same as R20
R22 Resistor, Composition _ 803784 01121 CB1005 1
10k, 1/4wW, *5%
R23 Resistor, Wirewound 807648 QPL CB1005 2 )

100k, 2.5W, *5%
zl Operational Amplifier 808511 12040 LM310H 1

7=-52
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Figure 7-5. Signal Broadband Isolation Board, Parts Locator
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NAI

Ref.
Des.

Al
CRl
CR2
CR3
CRr4
Jl
Q1
Q2
Q3

Rl

R3

R4

R5

R6

R7

R8
R9

T™™ 5001

Replacement Parts List:

Null Meter - 783672

NAI Mfr.

Description Part No. Code
Null Meter 205666 07342
Null Meter (Alternate) 205677 07342
P.C. Board Assembly 500887 07342
Diode 802924 07263
Same as CR1
Same as CR1
Same as CR1
Socket 807474 09922
Transistor 805808 01295
Same as Q1
Transistor 805059 04713
Same as Q3
Resistor, Variable 807507 32997
10k, 1/4W, *10%
Resistor, Composition 805042 QPL
100k, 1/4W, *10%
Resistor, Variable 807296 32997
1kxQ, 1/4W, *10%
Resistor, Composition 805192 QPL
20k, 1/4wW, *10%
Resistor, Composition 805278 QPL
4.7k, 1/4W, *10%
Resistor, Composition 803388 01121
3.3k, 1/4W, *10%
Resistor, Composition 802730 01121
1MQ, 1/4wW, *10%
Same as R7
Resistor, Composition 805188 QPL
51kQ, 1/4W, *10%
Same as R9
Same as R9
Same as R9
Same as R9
Same as R9
Integrated Circuit 806952 01295
Integrated Circuit 806051 49956
Integrated Circuit 804883 07263

Mfr.
Part No.

1N3600

DILB-16P-11
TIS 75

2N2906

3299X~1-103
RCRO7G104JP
3299X-1-102
RCRO7G203JF
RCR0O7G472JP
CB3325

CB1055

RCRO7G513JP

SN7426N
RC741T
9300DC

Total
oty



NAI TM 5001
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Figure 7-6. Null Meter, Parts Locator



NAI TM 5001

Ref.
Des.

Cé

c?

cl3
Cla
Cl1l5

Cle

cl9
c20
c21

c22
c23
C26

Cc29
C31
C32
C33
C34
C39

C40

c4l
CRl

CR2
CR3
CR5
CRé
CR8
CR9
CR10
Ll
L2

7-56

Replacement Parts List:

Description

Capacitor, Ceramic
.luf, 100V, *10%

Same as C6
Same as Cé
Same as C6

Capacitor, Elect. Aluminum
10uf, 25V +100-0%

Capacitor, Ceramic
.0luf, 25v, +80-20%

Same as Cl6
Same as Cl5

Capacitor, Ceramic
150pf, 1000V, *10%

Same as C21
Same as Cl5

Capacitor, Mica
39pf, 500V, #*10%

Same as Cl5
Same as C15
Same as Cl15
Same as Cl15
Capacitor, Select at Test

Capacitor, Mica
150pf, 500V, 5%

Capacitor, Mica
Spf, 500V, +10%
Same as C40
Diode

Same as CR1
Same as CR1
Diode

Same as CR1l
Same as CRS
Same as CR1
Same as CR1l
Choke, 33uh

Same as Ll

NAI
Part No.

880640

806890

880034

806883

802338

801365
802421

802924

807217

804836

Mfr.
Code

24138

72982

72982

72136

72136

72136

07263

04713

76493

Frequency Board - 783599

Mfr.
Part No.

CKO6BX104K

PCD10PB25

5835-000-Y5U01032

831-000-X5F0-~151K

DM15-390K

DM15F-151J

DM15-050K

1IN3600

1IN5229

9230-56

c2

Total



c5 NAI TM 5001

Replacement Parts List: Fregquency Board - 783599 (Continued)

Ref. NAI Mfr. Mfr. Total

Des. Description Part No. Code Part No. oty

L3 Same as Ll

L4 Same as L1

Q1 Transistor 804583 01295 TIS73 2

Q2 Same as Q1

Q3 Transistor 808190 06001 GES6002 -
(Alternate for Q3, Q11) 806949 04713 2N4123
(Rlternate for Q7, Q8) 807479 06001 2N6002

04 Transistor 803662 01295 2N3819 i

Q5 Transistor 805808 01295 TIS75 3

Q6 Same as Q5

Q7 Same as Q3

Q8 Same as Q3

o)) Transistor 805061 04713 2N2906 1

Q10 Transistor 804318 04713 2N4851 1

Q11 Same as Q3

Q12 Transistor 882779 04713 2N5116 1

013 Same as Q5

Q14 Transistor 806213 01295 2N5246 i |

R7 Resistor, Composition 804297 01121 CB2255 2
2.2MQ, 1/4W, %5%

RB Potentiometer, 50k, 1/2W,+5% 807251 32997 3299X-50KN 4

RS9 Resistor, Metal Film 806239 16299 C07, 150K, 1/4w, 2% 3
150kQ, 1/4w, *2%

R16 Resistor, Metal Film B07344 16299 C07, 43q, 1/4w, 2% 3
430, 1/4wW, *2%

R17 Same as R7

R18 Same as R8

R19 Resistor, Metal Film 806544 16299 NC4, 20K, 1/8W, 1% 6
20kQ, 1/8W, %1%

R20 Resistor, Composition 801006 01121 CB1035 5
10kQ, 1/4W, 5%

R22 Same as R19

R23 Same as R20

R24 Same as R20

R25 Resistor, Composition 801985 01121 CB5135 |

51kQ, 1/4W, 5%
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Ref.
Des.

R27

R28
R29

R31
R32
R33
R34
R35
R36

R37

R38
R39
R40
R41
R42

R43

R44
R45

R46
R47

R48
R49

R50
R51
R52

7-58

Replacement Parts List:

Description
Same as R20

Resistor, Composition
2k}, 1/4wW, *5%

Same as R27

Resistor, Composition
15kQ, 1/4wW, *5%

Same as R19
Same as R19
Same as R29
Same as R19
Same as R1°9
Same as R8

Resistor, Metal Film
22.1kQ, 1/8W, *1ls

Resistor, Composition
130kQ2, 1/4W, %5%

Same as R20
Same as R1l6
Same as R9
Same as R8

Resistor, Composition
240kQ, 1/4wW, *5%

Resistor, Composition
5.1k, 1/4W, *5%

Potentiometer, 5k, 1/2W, 10%

Resistor, Composition
2009, 1/4wW, *5%

Resistor, Metal Film
16.5kQ, 1/4W, *1%

Resistor, Composition
20kQ, 1/4wW, *5%

Same as R27

Resistor, Composition
150Q, 1/4wW, 5%

Same as RS
Same as R16

Resistor, Metal Film
93.1kQ, 1/8w, 1%

Frequency Board - 783599 (Continued)

NAI Mfr.
Part No. Code
801094 01121
801988 01121
806936 16299
801394 01121
802084 01121
801397 01121
807250 32997
802226 01121
807166 16299
801636 01121
880200 01121
806931 16299

Mfr.
Part No.

CB2025

CB1535

NC4, 22.1K,

CB1345

CB2445
CB5125

3299X-5K
CB2015

C4, 16.5K,

CB2035

CB1515

NC4, 93.1K,

1/8w, 1%

1%

l1/8w, 1%

Total

gEy
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Replacement Parts List: Fregquency Board - 783599 (Continued)

Ref. NAI Mfr. Mfr. Total
Des. Description : Part No. Code Part No. Qty
R53 Resistor, Composition 801721 01121 CB1235 2

12k , 1/4wW, 5%
R56 Same as R53
XZ1 Socket, I.C., Op Amp 805671 82110 A23-2052 4
XZ2 Same as XZ1
XZ3 Same as XZl
XZ4 Same as XZ1
XZ5 Socket, I.C. 807473 09922 DILB-14P-11 1
z1l Operational Amplifier 807428 12040 LM318H 2
Z2 Same as Z1
zZ3 Operational Amplifier 807517 27014 LM301AH 1
Z4 Operational Amplifier 807478 301A Selected 1
z5 Integrated Circuit 806952 01295 SN7426N 1
TPl ® E3 TPS o
RIO c36 Rlep4 Ra4 R35| |RIB| |R8 R2
L3 L ] [ ] » ._L...
|CB |C? TP3 7 Cca *
RIZx| |CIO = | % RAG RI
(25 &) R43 x
s |l a i mices| [Ra2
1 B &
Ras5
- = B30 . RS
g 22 *
o * K39 \

CT@C? Cl
R
(G
K7 3 c35tl
E ]

Figure 7-7. Frequency Board, Parts Locator [ ]



Ref.
Des.

cl

c2

c4

ce
co
Cl0

c24

€25

c27

c28
C30

C35
C36

R3

R5
RéE

R10

R11l
R12
R13

R15

Replacement Parts List:

Description
Capacitor, Mica
20pf, 500V, #1%

Capacitor, Mica
2pf, 500v, %.5pf

Capacitor, Mica
430pf, 500V, 2%

Same as Cl
Same as C2
Same as C4

Capacitor, Film
.001uf, 400V, 210%

Capacitor, Mica
470pf, 500V, 5%

Capacitor, Mica
30pf, 500V, #5%

Same as C27

Capacitor, Mica
47pf, 500V, +5%

Capacitor, Trim. .25-1.5pf
Same as C35

Resistor, Metal Film
10k, «3W, *.1l%

Potentiometer, 5000

Resistor, Metal Film
75k, JIW, 2,18

Same as R1

Resistor, Composition
B2kD, 1/4W, 5%

Potentiometer, 1k, 1/2W

Same as R3
Same as Rl
Same as Rl

Resistor, Composition
20k2, 1/4wW, 25%

NAI

Part No.

B07526

802420

B07529

802241

807257

807419

801184

806970

B07176

807655
806920

802083

B0729¢

801636

Mfr.
Code

72136
72136

72136

56289
72136

72136

72136

74970

75042

32997
75042

01121

32997

01121

Frequency Card - 19.2 KHz

Mfr.
Part No.

DM15-D200F-4CR
DM15-020D

DM15-D431G-4CR

192P10294
DM15-BD471J

DM15-300J

CM15E-470J

273-0001-D01

MARS5-T16 (5PPM/°C)
10K, .3W, .l%

3299X-1-501

MARS-T16 (S5PPM/°C)
75K, =38, 1N

CBB235

3299X-1-102

CB2035

Total

~N
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SECTION 8

UNIT SCHEMATICS

This section contains all schematics for the standard units of the
DPAV. For schematics of the optional units, refer to the corres-
ponding appendix of this manual.

8-1/(8-2 blank)
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NOTES: |
I- 100 RESISTORS MARKED WITH AN ASTERISK (%) ARE DELETED FOR REMOTE
CONTROL OPTION 03 OR LEEE OPTION I2.
2-DESIGNATION FOR THE CONTROL SIGNALS ARE O&+5V POSITIVE LOGIC.
eg. "V'I1S OV WHEN A VOLT RANGE IS SELECTED ; OR'8" SIGNAL IS +5V
WHEN IN PHASE ANGLE MODE IS SELECTED SIGNALS DESIGNATED *I5
ARE -I15V IN LOGIC 0",AND +I5V IN LOGIC"I,
3-ALPHA NUMERIC DESIGNATIONS AFTER FIGURE NUMBER AND IN
( ) ARE ZONE LOCATIONS,
4-ALL PUSH BUTTON SWITCHES WITH THE SAME REFERENCE DESiGNATION
PREFIX , le. S3-A,S3-B, ARE MECHANICALLY INTERLOCKED AND
ARE SHOWN IN THE NORMALLY OUT POSITION.
5 - WHEN RATIO MODE OPTION IS SELECTED CR 41,42 OR 43 MAY BE
DuLETED AND RS R317,R3I18 ,CR78 THRU &1 MAY BE ADDED
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APPENDIX A

GENERATION OF PHASE SHIFTED SIGNALS

A.l1 GENERAL A.3 RATIO BOX PHASE SHIFTER
The Phase Angle and Reference Phase modes The ratio box phase shifter (fig. A-2) re-
reguire accurate phase shifted signals to quires an accurate 0° and 90° signal equal
verify performance. Some common approaches in amplitude and placed across the ratio
follow: box. The output amplitude will vary thru
g 5 5 ok
NOTE :tngtmum of 0.707 of the 0° and 90° signal

Phase generator must generate phase
shift from 50 Hz to 25.6 kHz with NOTE

accuracy of: .
Y A number of instruments on the

25 to 50 Hz LI 0 7% Ly market generate precise phase
50 to 100 Hz = Qu12% angles and can be used in this
100Hz to 1.4kHz - 0.07° checkout. It is important to
1.4 to 25.6 kHz - 0.11° + 0.013f add to the DPAV angle specifi-
(f in kHz) cation the accuracy of the in-

put phase angle.
A.2 RC PASSIVE PHASE SHIFTER

An RC passive phase shifter can be con-
structed using the equations shown in fig-
ure A-1l. Components should be high quality,

stable parts, such as metal film resistors 1 £/90°
and polystyrene capacitors and their values
measured accurately. 100 - J
DPAVG-
Xc R
—Ls 100 I
R2 Eref O
O
Eref Rl Sig DPAV Y E/O*
(o] o
e o e = mah B2
Attenuation = z Phase Shift = tan Xo fi >> 1000, R = Xg
if R1 << Z >
; s 1
g o —RL_ , - R2Xc V x2. + B3 Raling SeLLing = o cetay ©
il e x2 + R2
JXC < - where 6 = desired phase angle

Figure A-l. RC Phase Shifter Figure A-2. Ratio Box Phase Shifter

A-1/(A-2 blank)
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APPENDIX B

REMOTE CONTROL/DIGITAL OUTPUT

B.l SPECIFICATIONS

Remote control input and digital outputs
are interfaced at rear panel connectors
J1l and J2 respectively.

Positive logic is DTL, TTL compatible and
in static parallel form.

B.l.1 Signal Description

Remote control inputs:

Low (0) =0V to +0.4V (l.5mA max.)
High (1) = +2.4V to +5.5V

B.1l.2 Digital Outputs

Iow (0) = 0V to 0.5V, 12mA maximum
sink current
+2.4V to +5V, 6k source

resistance

High (1)

]

B.1.3 Mode Truth Table

Remote Control Digital Output

J1l Pin J2 Pin

5 6 7 37 36 25
Total 0 0 1 0 0 i 8
Fund 0 1 0 0 1 0
Inphase 0 1 1 0 1 1
Quadrature 1 0 0 1 0 o}
Phase Angle 1 0 ) 1 0 1l

J1 Pin 1 J2 Pin 17

Ref Offset 1 1

B.1l.4 Range Truth Table

Remote Control Digital Output

J1l Pin J2 Pin

2 3 4 19 18 16
l10mv 0 0 0 0 0 0
100 mV 0 0 1 0 0 1l
1000 mV 0 1 1 0 h | 1
10V : | 0 0 1 0 0
100V 1l 0 1 1 0 1
1000V h | 1 1 i 1 1
Auto 1 1 0

B.1.5 Fregquency Truth Table

Remote Control Digital Output

Jl Pin J2 Pin
8 15 35 34
Fl 0] 0 0 0
F2 0] 1 0] 1
F3 1. 0 1 0
F4 il 1 1 1 8

B.l.6 Data Output (BCD) J2

Pin 33 Pin 13
Polarity +: b Over-range: 1
-2 0
Most Sig. Digit Next MSD
8 4 2 1 8 < 2 1
J2 Pin: 12 10 9 8 7 6 5 4
Next LSD Least SD
8 - 2 1 8 4 2 |
J2 Pin: 1 2 3 24 23 22 21 20
B.1l.7 OVERLOAD Flag
Signal Overloaded: Ezili (pulsing)

B.1.8 NO SYNC Flag

Out of Sync: Ezili

B.1.9 Data Reguest/Ready

Data Request Pulse: Logic 1 from 25 ys
to 1s duration.

Data Ready: Logic 1 pulse whose leading
edge trails Data Regquest
leading edge by approximately
5us; trailing edge to logic
0 is the Data Ready flag.

The duration is a function
of state of system, i.e.,
whether it is ranging, over-
loaded, or out of sync.
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B.1.10

Connector Wiring

Remote Control (J1)

Pin

REF OFFSET

Range Remote Control

Mode Remote Control

FREQ SELECT
Ground

Spares
Data Request

+5V
FREQ SELECT

Digital Outputs (J2)

Pin

-2

WO W!;md wN -

of next LSD
of next LSD
of next LSD
of next MSD
of next MSD
of next MSD
of next MSD
of MSD

of MSD

of MSD

DATA READY

8 of MSD
Over-range digit
OUT OF SYNC flag
Overload flag
Range output
REF OFFSET
Range output
Range output
of LSD

of LSD

of LSD

of LSD

of next LSD
Mode output
Spares
Polarity

B H OB 0NN

= 00 BN

FREQ SELECT output
FREQ SELECT output

Mode output
Mode output

B.2 THEORY OF OPERATION

This option provides for computer inter-
facing and control of the DPAV. With the
REMOTE push button depressed, all functions
(except reference OFFSET knob position) are
programmable through the option card mounted
on the rear panel. The 16-wire ribbon cable
and the signle jumper wire carry the con-
trol signals from the option card to the
front control section of the DPAV. Jl
connector on the rear panel is for the pro-
gramming inputs.

The digital output signals are fed to J2
on the rear panel. They are derived from
signals coming from the A/D converter via
two 26-wire ribbon cables to the option
card.

The DPAV issues a Print command on J2-11
in response to a Data Request input on
J1-13 after a delay, dependent on the
state of the instrument. That is, consid-
eration is taken as to conditions of NO
SYNC, OVERLOAD, Ranging and Mode to deter-
mine appropriate delay.

A positive Data Request pulse (A, fig. B-1)
at J1-13, sets Z10 latch (pins 3 and 6).
This transmits an enable signal through
some delay gating to Z15 single shot, which
generates a 2.5 second pulse, the trailing
edge of which is the Data Ready (B, fig.
B-1) flag (J2-11). This trailing edge,
through Z12-3, resets Z10 latch.

If the unit is in Total mecde and in a
state of overload, Zl4 single shot is
enabled and will start its delay pulse
when the unit comes out of overload by
generating a negative pulse at Z14-1.

This delay is set at approximately 6 sec-
onds, since the recovery from overload in
the Total mode is longer than in the other
modes.

If the unit is still ranging after the
Data Reguest pulse is received, a pulse
train at 213-3 will keep retriggering 215
single shot so that the Data Ready flag
will be delayed until the unit has stopped
ranging and has had time to settle to a
stable reading.
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Pl
DATA REQUEST
—{ j@—5 uS
L
71
LY 3
DATA READY = Ta -
J2-11 t
B DATA READY
FLAG
Figure B-1l. Data Reference and Ready Pulses
The overload signal coming in at J3-12 is Where the unit is not ranging, or overloadec
a switching voltage, changing between a or out of sync, Ta (B, fig. B-l) is approx-
logic 0 and 1. It is fed to Z15 single imately 2.5 seconds.
shot, retriggering it and delaying the
Data Ready flag until the unit is out of 1f, after a Data Regquest pulse, the unit
overload and a stable reading achieved. is ranging, out of sync or overloaded, the
Data Ready flag occurs 2.5 seconds after
The sync signal coming in at J3-13 is nor- the unit reaches a stable operating condi-
mally at a logic 1 enabling the Data Re- tion.
guest signal at Z10-10 through to Z15 sin-
gle shot. If the unit is out of sync, 210-9 Where the unit is in Total mode and is over-
will be low, disabling the Data Reguest loaded after Data Request, the Data Ready
signal to Z15 until a sync condition is flag occurs approximately 6 seconds after
reached, at which time the Z15 single shot unit comes out of overload.
starts its pulse. B.3 PARTS LIST AND SCHEMATIC
Replacement Parts List: Remote Control/Digital Output - 783603
Ref. NAI Mfr. Mfr. Total
Des. Description Part No. Code Part No. Qty
el Capacitor, Mica 801240 72136 DM15-102K 3
1000pf, 100V, +10%
€2 Same as Cl
C3 Same as Cl
C4 Capacitor, Aluminum 807169 24138 PCD1PAS50 X
luf, 50V, =-0+100%
€5 Capacitor, Tantalum 803408 56289 150D106X9010B2 1
louf, 10V, *10%
C6 Capacitor, Tantalum 801311 56289 150D335X0035B2 1
3.3nf, 35V, #20%
|
Jl Connector, 15-pin 807393 71785 DAM-15P-14 1
J2 Connector, 37-pin 807394 71785 DCM-37P-A 1

*Used for Ratio Mode only.
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Replacement Parts List:

Ref.

Des. Description

J3 Header

J5 Same as J3

Jé Socket

Q1 Transistor

Q2 Same as Q1

Q3 Transistor

04 Same as Q3

Q5 Same as Q3

R1 Resistor, Composition
4.3kQ, 1/4wW, *5%

R2 Resistor, Composition
6.2kQ2, 1/4W, *5%

R3 Same as R2

R4 Same as R2

R5 Same as R2

R6 Same as R2

R7 Resistor, Factory Trim
.24MQ, Nominal

R8 . Resistor, Composition
2.2MQ, 1/4W, *53%

R9 Same as R2

R10 Resistor, Composition
51k}, 1/4W, #5%

R11 Same as RI10

R12 Same as R10

R13 Same as R10

R14 Same as R10

R15 Same as RI10

R16 Resistor, Composition
2000, 1/4wW, *5%

X2z Socket, I.C.

z1l Integrated Circuit

z2 Same as Z1

23 Same as Z1

z4 Integrated Circuit

NAI
Part No.
807107

807474
808190

803662

802188

801395

804898

804297

801985

802226

807473
806837

805026

Mfr.
Code

76381

01295
06001

01295

01121

01121

07342

01121

01121

01121

09922
07263

07263

Remote Control/Digital Output - 783603 (Continued)

Mfr.
Part No.
3429-2002

C931602
GES6002

2N3819

CB4325

CB6225

CB2255

CB5135

CB2015

DILB-14F-11
UBA996251X

U6A994659X

C5

Total

Ly

21



€2

210
Z13
Z14
zZ15
zlé
217
218
z1°
z20
z21

Same

Same

Same
Same

Same

Same
Same
Same
Same
Same
Same

Same

Replacement Parts List:

NAI TM 5001

Remote Control/Digital Output - 783603 (Continued)

NAI Mfr. Mfr.
Description Part No. Code Part No.
as Z4
Integrated Circuit 804344 07263 U6A993659X
as Z1
Integrated Circuit 806505 01295 SN7404N
as Z6
as Z4
as Z4
Integrated Circuit 805456 07263 U6A960159X
as Z1l4
as Z8
as Z8
as Z8
as Z8
as Z8
as Z8
S
[ s [ 73 )
e
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1 a3 &!C
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R E < "y £ [
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Figure B-2.

Remote Control/Digital Output, Parts Locator
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APPENDIX C

IEEE INTERFACE (OPTION 12)

C.1 IEEE STANDARD DIGITAL INTERFACE
This avoendix describes the functions of
the IEEE Standard Digital Interface for
Programmable Instrumentation (488-1975)

and the device dependent programming in-
structions for the Digital Phase Angle
Voltmeter, Model 225.

The DPAV IEEE Standard 488 (Option 12) re-
sponds to a multiple of interface functions
and subsets. Table C-1 lists the selected
interface functions and subsets. The DPAV
physically connects to the IEEE bus by a
24-pin connector on the rear panel. Table
C-2 describes the 8 bidirectional data
lines, 5 bus management lines and 3 data
transfer lines. The Talk and Listen ad-
dresses of the DPAV are selected by means
of a DIP switch assembly mounted on the
rear panel of the DPAV. Table C-3 gives
the switch settings and ASCII egquivalents.
C.2 DPAV MESSAGE TRANSFER CAPABILITY
The DPAV is an intelligent, programmable
measuring device capable of responding to
IEEE bus commands and device dependent
messages. Table C-4 describes the IEEE
standard bus commands.

The DPAV is programmed to handle four types
of device dependent messages, Listen (long
and short format) and Talk (long and short
format). The four messages use the ASCII
seven-bit code characters. The long for-
mat Listen message permits the insertion

of equal signs (=), commas (,) and comments
to aid the operator in programming the DPAV
(fig. C-1). The short format Listen mes-
sage offers the more experienced operator

a means to program the DPAV quickly. The
long format Talk message provides a maxi-
mum description of all the DPAV Talk mes-
sage fields and, if implemented, customized
comments (fig. C-2). The short format

Talk message outputs only the data field
from the Talk message, eliminating all

other fields.

The Listen device dependent messages, either
long or short format, may be transmitted as
a complete field in any order. If a Listen
field is transmitted which is incorrect, no
modification of that field will occur. A
partial long format message will program
those instruction fields included in the
message. Unspecified instruction fields
will also remain in their last programmed
state. A short form message must be sent
with all fields. The Listen message trans-
mitted will not be applied until the mes-
sage terminator is received. If an ATN or
IFC Uniline message becomes true before re-
ceiving the message terminator, there will
be no modification. The instructions and
argument of both listen messages are iden-
tical with the exception of beginning de-
limiter (>») for long and ($) for short.
Table C-5 describes the Listen device de-
pendent message test and format.

The Talk device dependent message, long
format, is capable of transmitting user
specified comments. These comments are
limited to three ASCII characters per in-
struction or argument, including before the
beginning delimiter. The short format has
no comment capability and transmits only
twelve ASCII characters, including the mes-
sage terminator. Table C-6 describes the
Talk device dependent message test and forma,
C.3 PROGRAM CONSIDERATIONS

The DPAV responds to the commands listed
in Table C-4. Several of these commands
are further developed in the following
paragraphs. Table C-3 contains the addres-
ses to which the DPAV can be set by the
DIP switch on its rear panel. Table C-1
lists the DPAV's interface capabilities.
Table C-2 lists standard bus signals as
related to the DPAV. Tables C-5 and C-6
list DPAV Listener and Talker Device De-
pendent Messages.
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Table C-1. Interface Function Capabilities

Interface function Subset Description

Source Handshake SH1 Complete capability to transfer
data on the DIO lines properly.

Acceptor Handshake AH1 Complete capability to receive
data from the DIO lines properly.

Talker T6 Capability to send device depen-
dent messages (basic talker),
service regquest status informa-
tion (serial poll) and unaddress
if My Listen Address (MLA) or any
other talk address is true.

Listener 4 Capability to receive device de-
pendent messages or interface
commands (basic listener) and un-
address if My Talk Address (MTA)
is true.

Extended Talker TE@ No capability.

’

Extended Listener LE@ No capability.

Service Regquest SR1 Complete capability to request
service from controlling device
asynchronously.

Remote Local RL1 Complete capability to select be-
tween front panel controls or bus
interface instructions.

Parallel POLL PPJ No capability.

Device Clear DC1 Complete capability to change
current instruction set.

DT1 Complete capability to start the

Device Trigger

Controller

measuring cycle.

No capability.
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Table C-2.
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IEEE Standard Bus Signal Line Description

Signal

Mnemonic

Description

Data Input, Output

Data Valid

Not Ready for Data

Not Data Accepted

Attention

Interface Clear

Service Request

Remote Enable

DIO1-DIO8

DAV

NRFD

NDAC

ATN

IFC

SRQ

Eight bidirectional data lines used to
carry bit-parallel, byte-serial messages.

When true, indicates valid data present
on DIO lines.

When false (high) device is ready to
accept data. When true (low) device is
not ready to accept data.

When false (high) device has accepted
data. When true (low) device has not
accepted data.

When true (low) the DIO lines transmit

in the command mode. The only valid

data are addresses, unaddress commands,
addressed commands and universal commands.
When false (high) DIO lines transmit in
the data mode (i.e., device dependent
messages) .

Places DPAV interface in a quiescent con-
dition. All interface functions transfer
to an IDLE STATE. The SRQ lines is false,
and the interface unaddressed.

When true (low) DPAV has completed mea-
surement and should be serviced.

When true (low), the DPAV addressed to
listen and the front panel remote switch
in, the DPAV responds to device dependent
messages. I1f the front panel remote
switch is out, the DPAV will not respond
to listener messages. However, the front
panel switch may be overridden with the LIX
command (MLA true). Local control is
again returned when the GTL command is
issued and the DPAV is listening. When-
ever REN is false (high) the DPAV is con-
treclled from the front panel.

c-3
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DPAV Addressing

Table C-3.

=
o
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To set the address, use address switches Al through A5 to set Binary address

A5 AL A3 A2 Al

e |00 0HH

ON

OFF

8

16
For address 5 push Al and A3 to ON.

WEIGHT

Example
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Table C-4 IEEE Standard 488 Bus Commands
Command Symbol Description
Unaddress Commands:

Unlisten (UNL) (?) Unaddress all listeners presently addressed

Untalk (UNT) (+) Unaddress current talker. Addressing an unused
Talker address will also clear bus of all talkers,
i.e., only one talker may be addressed to transmit
at a time.

Universal Commands:

Local Lockout (LLO) (DC1) Disables the front panel remote/local push button
allowing DPAV to respond to device dependent messages.

Device Clear (DCL) (DC4) Sets DPAV when in a remote state, to conditions
specified by DIP switches (refer to "DPAV
INITIALIZATION CONDITIONS" and figure c-1).

Serial Poll Enable (CAN) Enables a serial poll sequence. Reguires DPAV to

(SPE) provide a status byte including the service request
bit (DIO7). Note DPAV status is available from the
status byte as follows:

Status Byte DPAV Status Byte
(STR)
DIO8 Not used
DIO7 RQ Request Service
DIO6 Not used
DIO5 STAB (Stability)
DI04 Not used
DIO3 SYNC (Not Out of Synchronization)
DIO2 Not used
DIOl OVLD (Not Overloaded)
Serial Poll Disable (EM) Disables serial poll seguence.
{(SPD)
Addressed Commands:

Selective Device Clear| (EOT) SDC is an address command. It is otherwise the

(S_DC) same as DCL.

Go to Local (GTL) (SOH) Returns DPAV, when addressed to Listen, to local
control (front panel). GTL applies when REN is
true. The GTL command will return the DPAV to
local control after the LLO command has been issued
while being addressed to Listen.

Group Execute Trigger (BS) Apply last program message (instruction set). The

(GET) listen program message must include group trigger
regquest=true in order for the DPAV interface to
wait for the GET command before applying the present
listen message. The GET command will always apply
the last listen message when sent.
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A.

Table C-5. DPAV Listener Device Dependent Messages

Listener Long Format (fig. C-1)

1s

2s

3.

Delimiter
> Greater than sign
Long Format listen message indicator
$ Dollar sign
Short Format listen message indicator
= Equal sign
Argument indicator. Instruction and argument field separator
, Comma
Instruction indicator argument and instruction field separator
Instructions
M Mode
R Range
F Fregquency
0 Reference Offset
v Variable Scale
D Data Output Form
S Service Regquest
G Group Trigger Regquest
Arguments
Mode
T Total
F Fundamental
i 5 In-Phase
Q Quadrature
P Phase Angle
Range
1 10 MV
2 100 MV
3 1000 MV
4 10V
5 100V
6 1000V
A AUTO
Frequency
1
§ Customer Options (See fig. C-4 for frequency locations)
4

Reference Offset

T - True Offset in
F - False Disabled

C3
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Table C-5. DPAV Listener Device Dependent Messages (Continued)

Variable Scale

T = True In
F - False Out

Data Format?*

L - Long Format
S = Short Format

Service Reguest* (see para. C.9)

T - True - Asserted on completion of stable measurement or after
64 conversions if measurement is not valid. Conversions
are 250 to 500ms long depending on reading, i.e., full
scale = 500ms, OV = 250ms.)

F - False - Never asserted
2 - 2 Measurements - Asserts after 2 measurements
C - Continuous - Asserts after first measurement and there after each

data read operation

4, Comments

Comments are any ASCII characters (except listed delimiters) preceding a de-
limiter character and after an instruction or argument. Comments may not be
inserted between a delimiter and the next instruction or a delimiter and the
next argument. Comment character may also be inserted before the beginning
delimiters.

Examples:
DPAV MODE=FUND, RANGE=AUTO, FREQ=3-800HZ
MOD=QUAD, RANGE=6VOLTS, VARI=FALSE ¢
M=PHASE, OFFSET=TRUE, G=TRUE ¢
GROUP=T, SRQ=TRUE, MODE=TOTAL, F=l4OOHZD
5. Message Terminators
DCARRIAGE RETURN
¢ LINE FEED

Either a carriage return or line feed may be used to terminate a message, but
not both.

B. Listener Short Format (fig. C-1)

All instruction and argument ASCII characters are the same, and they are the only
test permitted for short format programming. Egqual sign, comma, and comments are
omitted. ‘

*These instructions are cleared (i.e., D=L, S=F, G=F) by SDC or DCC.
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FALSE
ATN
TRUE
MLA M=T,R=1,F=1,0=T,V=T,D=L,S5=T,G=T GET:X
F 2 2 F F s F F}
I 5 3 2
Q 4 & C
P 5
)
A

#ZGROUP TRIGGER COULD BE SENT AT THIS POINT

NOTE

ADDITIONAL CHARACTERS MAY BE INPUTTED
TO CLARIFY INSTRUCTION FOR OPERATOR'S
CONVENIENCE.

A. LONG FORMAT

FALSE
ATN
TRUE
MLA $SMTR1F10TVTDLSTGT ) GETH®
FERFFSFF]
1 33 2
244 C
P 5
6
A

B. SHORT FORMAT

Figure C-1l. DPAV Listener Device Dependent Message

Cc-8
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Table C-6. DPAV Talker Device Dependent Messages

A. Talker Long Format (fig. C-2)

l. Delimiter

<

14+

Less than sign
Beginning delimiter for long form messages.

Letter "D"
Beginning delimiter for short form messages.

Egqual sign
Separates instruction text from argument text.

Comma
Separates Talker fields

Decimal Point
lLocated between the overrange digit and MSD of the data field and
between NLSD and LDS of a degree date field.

Plus or Minus sign
Indicates positive or negative data measurement and/or range exponent.

Signal quote follows degrees measurement.

2. Instructions

<OMmMxORX

Mode

Data or Degrees
Range

Fregquency
Reference Offset
Variable Scale

N = Synchronization

L
S

Overload

- Service Request

3. Arguments

Mode

T - Total

F
I

Q
P

Fundamental
In-Phase

Quadrature
Phase Angle

Data

Overrange
Either 1 or @. First digit after sign.

Digits

Either voltage or degrees. Voltage measure followed by "mV" millivolts

or

"V" volts. Degree measure followed by signal qguote character.
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C-10

Table C-6. DPAV Talker Device Dependent Messages (Continued)

Range

l -10mv

2 - 100mv

3 - 1000mv

4 - 10V

5 - 100V

6 - 1000V
Freguency

1

2 :
3 Customer Options

4

Reference Offset 0

T = True
F - False

Variable Scale \Y

T
H

Synchronization N

i (not sync.)
F (sync.)

Overload L

T (overloaded)
F (no overload)

Service Request S (shows mode programmed for)

.

4. Comment (Optional)

Standard Non supplied
Optional Up to three characters, non-delimiters (see listen-comment examples

table C-5).
CAUTION

User's terminal line width must be considered
when specifying comment character so as not to
exceed user's terminal line limitation. Long
format message contains 46 characters.

5. Message Terminators
CR-LF Carriage Return
Talker Short Format (fig. C=2)

All talker fields are omitted except the data field. Either voltage or degrees
are transmitted. (Single quote flags degree measurement.)

C3
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FALSE
ATN
TRUE
MTA M=T,D=tXX.XXXMV,R=1,F=1,N=T,L=T,0=T,V=T,5=T ) |
F XXX.XXMV 2 2 F F F F F
I XXXX. XMV 3 3 2
Q XX . XXXV 4 4 C
2 XXX . XXV 5
XXXX . XV 6

+XXX.X' (DEGREES)

NOTE

OPTIONAL COMMENTS MAY BE ADDED TO
TEXT, LIMITED TO THREE (3) EXTRA
CHARACTERS.

A. LONG FORMAT

FALSE

ATN
TRUE

MTA DEXX.XXXMV 2 |
XXX o XXMV
XXXX . XMV
XX XXXV
XXX . XXV
XXXX . XV
+XXX.X' (DEGREES)

B. SHORT FORMAT

Figure C-2. DPAV Talker Device Dependent Message

C-11
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C.4 POWER ON State (RWLS). If you require local (manual‘
operation, you can return to LWLS.
The DPAV is powered on in the Local-State

(LOCS). 1In this state, the front panel If the REM push button is depressed, you
controls (fig. C-3) are operative and the can go from LOCS to the Remote State (REMS)
DPAV can be operated manually. When going If you require local (manual) operation,
from LOCS to another state for the first you can either push the LOC button in,
time after power on, all instructions or command the DPAV to Go-To-Local (DTL).
(table C-5) must be set. In addition, you can go to RWLS from REMS.
Once in a lockout state, you can return to
If the LOC push button is depressed, you LOCS by setting REN. Operation of these
can go from LOCS to Local-With-Lockout functions are described below:

C.4.1 Power ON

Action Response
Switch DPAV power on by depres- DPAV goes to local state (LOCS).
sing either LOC or REM push button. DPAV is operated by front panel
button. controls.

C.4.2 Local With Local Switch ON

Enter Local-With-Lockout-State (LWLS), when DPAV is in LOCS and LOC push button is
depressed, as follows:

Action Response

a. DPAV in LOCS.
b. Set REN true.

c. Command Local-Lock-Out (LLO) c. DPAV goes to LWLS. DPAV
is operated by front panel
controls.

NOTE

DPAV can be returned to LOCS by setting REN.
DPAV can be set to the Remote-With-Lockout-State
(RWLS) by sending an addressed command.
C.4.3 Remote With Local Switch ON
The DPAV can be set to the Remote-With-Lockout-State (RWLS) (para. C.4.2) as follows:

Action Response

a. Set LWLS per paragraph C.4.2.

b. Send an addressed command to DPAV b. DPAV goes to RWLS. DPAV is
to initialize control settings operated by IEEE bus. Front
(table C=-5). panel controls are inoperative

except for OFF.

NOTE

To return to LWLS so that DPAV can be operated
by front panel controls proceed to step c:

C=12
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Figure C-3. DPAV Front Panel Controls Location and Nomenclature
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Action
¢c. Send Go-To-Local (GTL)
NOTE
To return to LOCS,
d. Set REN
3.4.4 Remote With Remote Switch On

The DPAV can be set to the Remote-State (REMS)

C3

Response

c. DPAV goes to LWLS. DPAV

controls are operative.

proceed to step d.

d. DPAV goes to LOCS

from the LOCS as follows:

Action Response
a. Set DPAV to LOCS (para. C.4). a. DPAV controls are operative.
b. Depress REM push button.
c. Set REN.
d. Send an addressed command to d. DPAV goes to REMS and is
DPAV to initialize control controlled from bus. Front
settings. panel controls are inoperative.
NOTE
When required, return to LOCS using
one of the following two steps:
e. Using LOC switch. Depress e. DPAV goes to LOCS. Front
LOC push button. panel controls are operative.
f. Using Addressed Command. Send f. DPAV goes to LOCS. Front
GTL. panel controls are operative.
NOTE
If desired, go to RWLS from REMS as
follows:
g. Set DPAV to REMS. g. DPAV controlled from bus.
h. Send LLO. h. DPAV goes to RWLS and is con-

3.5 DEVICE CLEAR

Two messages are used to clear the DPAV.
These are Device Clear (DCL) and Selected
Device Clear (SDC). DCL is a universal
command and is always recognized by the
DPAV. SDC is an addressed command. It
is recognized when used with the address
value set into the address switch of the
DPAV.

Cc-14

trolled from bus.

DCL or SDC sets the DPAV to the values set
in the DIP switches (fig. C-4). When the

OLD/NEW switch on the expansion board, is

in the OLD position, the switch values are
not stored in memory. However, they are

stored in the new position. Consequently,
the values of the preceeding operation are
not erased. These values can be recalled
when the OLD/NEW switch is in OLD position
by using a simple "addressed command" such
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as resetting the Mode value (table C-5).
NOTE
When the DIP switch is in
NEW position, DCL or SDC
will clear local lockout.

When the DPAV is in REMS or RWLS:

a. DCL sets DPAV to DIP switch values.
b. SDC sets DPAV to DIP switch values.

Cidnd
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When the DPAV is in LWLS:

a. DCL has no effect.
b. SDC sets DPAV to DIP switch values
and to RWLS.

When the DPAV is in LOCS:
a. DCL has no effect.

b. SDC sets DPAV to DIP switch values
and to REMS.

Device and Selected Device Clear

NOTE

When the DIP switch is in the NEW position,
DCL or SDC clears local lockout.

DCL and SDC are effective when in a remote state.

Action

a. DPAV in a remote state.
b. Command DCL or SDC.

NOTE

Response

b. DPAV controls set to values
set in DIP switches (fig. C-4).

DPAV can now be returned to its preceeding
control settings as follows:

c. Command DPAV mode to same value
used in preceeding operation.

C.6 SERIAL POLL AND SERVICE REQUEST

The DPAV responds to serial poll by send-
ing a status byte. Usually this is in
response to a request for service from
either the DPAV or another instrument on
the bus. To perform a serial poll, con-
sequently implies the existence of one
other interface function. This is Service
Request.

When DPAV power is turned on, the Service
Request function is set to Negative Poll
Response State (NPRS). In this state,

the DPAV will not regquest service. Refer-
ring to table C-5, this corresponds to
S=F.

c. DPAV controls set to value of
mode just entered and other
values stored in memory.

However, when S = T (table C-1 or C-2), the
DPAV enters the Service Request State (SRQS)
In SRQS, the DPAV will give a service re-
quest following completion of a measurement.
The status of the DPAV is contained in the
status byte. The status byte indicates

if the DPAV reading is not stable, syn-
chronized, not overloaded, and if the SRQ
line is set. This information is available
by way of the Serial Poll function.

C.7 SERVICE REQUEST AND GROUP
EXECUTE TRIGGER

Service Request and Group Execute Trigger

are programmable functions. In combination,
they provide four different ways of obtain-

C=15
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ing measurement and status data from the
DPAV, The service request enable instruc-
tion is stored and need be programmed only
once. The group trigger enable instruction
however, is not stored and is normally
false. Consequently, it must be enabled
each time the group trigger function is

to be used. The four variations of these
instructions are described below:

C.7.1 Service Regquest and Group
Trigger Functions Disabled

(S=F, G=F, table C-5). When the DPAV is
addressed to talk, it will continuously
transmit measured data.

C.7.2 Service Request Function
Enabled

(s=T, G=F, table C-5). IRQ goes true when
status byte (table C=-4) is available. The
status byte provides DPAV synchronization,
overload, and stability information. If
the status byte indicates that the current
measurements are synchronized, not over-
loaded, and stable, the current measurement
is valid. Measurements are made between
GET and service request. The three vari-
ations of these instructions are described
below:

a. Synchronization indicates that the DPAV
measuring circuits are synchronized
with the signal under test.

b. Overlcad indicates that the voltage of
signal under test exceeds the selected
range.

c. Stability indicates that for successive
measurements the data is within #4
least significant digits (*2 in Phase
mode). Instability indication results
from tracking a changing signal, from
measuring a signal with a high noise
level, an overload condition, or loss
of sync. '

C.7.3 Group Trigger Function

Enabled

(S=F, G=T, table C-5). When a command is
sent to the DPAV, which includes G=T in

C-16
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its instruction string, the application of
the command is delayed until a GET command
is sent. Before GET, the DPAV will oper-
ate according to the current instruction
set. After GET, the DPAV will operate
according to the new instruction set.
C.7.4 Both Service Reguest and
Group Trigger Functions
Enabled

(s=T, G=T, table C-5). When both functions
are enabled the DPAV provides a way of
changing instruction sets response to GET,
and providing an indication of measurement
validity using the service request func-
tion. Several seconds after GET, the ser-
vice request line will go true. If the
associated status byte (table C-4) shows
DPAV stability, synchronization, and no
overload, than the current measurement is
valid. Measurements between GET and ser-
vice request true may not be valid.

C.8 STATUS BYTE

The status byte function is illustrated
below:

7 6 5 4 3 2 1 0

RQS STAB SYNC OVLD

OVLD - When 0, unit is overloaded.

SYNC = When 1, unit is synchronized.
STAB - When 1, unit is stable.
RQS - When 1, unit is regquesting service.

C.9 SERVICE REQUEST MODES

Four service reguest modes are available
to the user:

a. S =PF
In this mode, service request will
never be asserted by the DPAV.

b. =T
In this mode, service request will be
asserted:

(1) When data is stable
(2) If data does not stabilize after
128 data measurements.
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Cs S =12
In this mode, service request will be
asserted after the second data measure-
ment, regardless of data stability.

de S =¢C

In this mode, service reguest will be
asserted after the first data measure-
ment and after each data measurement
following a serial poll sequence. This
mode does not depend on data stability,
but the status byte will indicate sta-
bility when valid.

C.10 DCL AND SDC SWITCH SETTINGS

This paragraph describes the procedure for
selecting the device clear conditions for
the mode, range, frequency, reference off-
set, and variable scale programmable in-
structions. Two DIP switches (fig. C-4)
mounted on the expansion board provide the
means for selecting the input to be applied
to the DPAV. This feature is desirable for
a variety of reasons, the most important

of which is the ability to change program
instructions and potentially eliminate
program steps. The DCL or SDC command will
read these two switch assemblies and apply
them to the DPAV. (DPAV input refers to
those connections from the interface board
to the DPAV main board). Note that the
remote enable uniline message must be true
(low). The switch identification and posi-
tions are shown in figure C-4.

C.1l1 INITIALIZATION

When the DPAV is first addressed, its in-
struction set must be initialized. A com-
mand string should be sent to the DPAV ac-
cording to table C-5 to set Mode, Range,
Frequency, Reference Offset, Variable
Scale, Data Output Form, Service Request,
and Group Trigger Request. This places
the DPAV in a defined state.

C.12 PROGRAMMING EXAMPLE

The following is a sample program for the
Commodore Pet Model 4016.

NAI TM 5001

100 OPEN 5,5: REM DPAV ADDR SW = 5

110 PRINT #5, "“SMTRSF1OFVFDLSFGF"

120 REM DPAV NOW SET TO TOTAL MODE RANGE
=5, FREQ =1, DATA FORMAT = LONG

130 INPUT #5, AS$, BS, C$, DS, ES, F$, G§,
H$

140 PRINT AS$;",";B$;",":;CS$;",";D$;",";ES; ",
";F$;",";GS8;","HS

150 REM DISPLAYS DPAV DATA

160 CLOSE 5,5

170 END

The input statement had to be broken up
into a number of strings because the Com-
modore Pet interprets a comma as a delim-
iter and in long format the DPAV transmits
commas between variables.

C.13 BLOCK DIAGRAM DISCUSSION

The IEEE interface connects the DPAV to
the IEEE Std-488 bus. The interface con-
sists of two printed circuit boards (prime
and expansion). The prime board provides
interface control and the expansion board
provides I/0 expansion required to connect
the interface to the DPAV. Figure C-5
represents the prime board and figure C-6
represents the expansion board.

The prime board (fig. C-5), accepts control
signals and control data from the IEEE bus,
and outputs control signals, data and
status data to the IEEE bus. All data
transfers on the bus use the ASCII. The
IEEE bus is connected to J5 on the back of
the DPAV and interconnected to Jl on the
interface.

The prime board responds to the bus by pro-
viding contreol signals to and accepting
BCD and status data words from the expansic
board. These functions are connected from
J2 of the prime board to J2 of the expan-
sion board. The expansion board distri-
butes and collects signals from the DPAV.

The interface accepts control signals and
data while in the listen mode. It trans-
mits data in the talk mode. Control of
the interface is performed by a 6802 micro-
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SWITCH 1 POSITION OFF ON
1 T TOTAL
2 F FUNDAMENTAL
3 I IN-PHASE
MODE 4 4 Q QUADRATURE
5 P PHASE ANGLE
6 RO REFERENCE OFFSET
7 v VARIABLE SCALE
|8 AUTO AUTO RANGE
SWITCH 2 POSITION OFF ON
1 10 101
RANGE { 2 100 10%
3 1000 10
- VOLT VOLT OR MILLIVOLT
5 F2 SECOND FREQUENCY
FREQUENCY 6 F3 THIRD FREQUENCY
7 Fl FOURTH FREQUENCY
| 8 NEW/OLD¥ SOFTWARE SELECT
SWITCH 2 TRUTH TABLES
RANGE FREQUENCY
1 2 3 4 5 6 7
10 100 | 1000 | VOLT F2 F3 Fh
ON 10MV ON ON oN | 1
ON 100MV ON oN | 2
ON 1000MV | ON ON | 3
ON ON_ |10V ON ON Y
ON ON 100V ON 4 RATIO
ON ON 1000V

* Selects revised software.

otherwise use NEW position (para. C.5).

Figure C-4.

processor and the program stored in the
ROM, Under control of the program the uP
(U4) checks control lines, sets registers,
converts BCD to ASCII and transmits data
and status words.

The interface consists of a power-up reset,
a uP, address and data line buffers, ROMs,
decoders, PIA, transceivers, tristate buf-
fers, and multiplexers. The function of
each group is described in the following
paragraphs.

The power-up reset circuit resets the uP

every time power is turned on. While in
this state, address line AOQO of the uP is

C-18

For compatibility with older DPAVs use OLD position,

Expansion Board DIP Switch Positions

set to 0 and address lines Al-Al5 are set
to 1. This is the address of the MSB of
the power-up routine located in the ROM.
When the power reset state ends, the uP
places the next address on the address bus
Address lines A0-ARl5 all go to 1. This is
the LSB of the address of the power-up
routine. The uP than places the address
of the power-up routine on the address bus
and commences to initialize the registers
within the interface.

PIA Ull transfers control and status data

between the IEEE bus control lines and the
data bus of the yP. These lines are EOI,

DAV, NRFD, NDAC, IFC, SRQ, ATN, and REN
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(fig. C-9). It transfers these signals by
way of transceivers Ul2 and Ul3. The
transceiver receives or transmits on com-
mand from the uP.

Before the PIA (or any of the other de-
vices connected to the data bus) can ac-
cept or place data on the bus it must be
selected (enabled) by decoder U22. The
decoder enables, one-at-a-time, the dif-
ferent bus-connected devices according to
the state of address lines Al0B-Al2B con-
nected to its input. Devices are selected
as follows:

Decoder
Address Code (U22) Device Connected
A7 A6 A5 A4 Output to Bus (Expansion)
1 0 0 0 NC
1 0 0 i 9x PIA Ull
1l 0 1 0 AX TRI STATE BUF U33
& U34
1 0 1 b i BX TRI STATE BUF U3
& Uls
1 1 0 0 X MUX U29, U30, U31,
& U32
i 4 1 0 1 AUXIN
1 1 1 0 AUXOUT 1
1 1 1 1 AUXOUT 2

A second decoder (U2l1l) is used for over-
all selection. It is controlled by ad-
dress lines Al3B-AlSE as follows:

Decoder
Address Code (u21)
Al5B Al4B Al3B OUtEut

IEX All above devices
2K U

3K U

NC

NC

NC

NC U

FK

Groups Enabled

HFHHEFEHODDOO
HFROOKFEFOO
HOKFFOHROKFHO

U21 acts to enable all devices when Al3B-
Al5B are all zero. U2l acts to enable the
high PROM when Al3B-Al5B is all ones.

This fact is used with power-up reset.
When power-up reset is enabled, AlOB-AlS5B
are all ones. From the two preceeding

NAI TM 5001

tables, all ones enables (U22) AUXOUT 2 and
FK. AUXOUT 2 and FK enable the high ROM
(U23 and U24). In addition, A@B=0 and AlB-
Al9B=1 during reset. This condition addres-
ses the next to least byte in the high ROM.
The next to last and last bytes contain

the address of the power-up routine in the
ROM and are needed as discussed before to
initialize the interface.

U21 enables U7, U8, U9, and Ul0 on the ex-

pansion board when 2K is true. This allows
BCD and status data to be selected from the
DPAV and placed on the uP data bus. 3K and
NC enable Ul2, Ul3, Ul4, and Ul5 on the ex-
pansion board and allow control signals to

be transferred from the uP bus to the DPAV.

The address of the interface is selected
by a five-bit DIP switch available on the
back panel. The switch setting is trans-
ferred to the data bus by tristate buffers
U3 and Ul8. These buffers are enabled by
BX when the current address setting is re-
guired by the ROM program.

Tristate buffers U33 and U34 allow data on
the uP to be connected by way of trans-
ceivers Ul6 and Ul7 to the data lines of
the IEEE bus. U33 and U34 are enabled by
AX. This is the talker or source mode.

Conversely, data can pass from the data
lines of the IEEE bus through the trans-
ceivers to multiplexers U29, U30, U3l, and
U32. When the multiplexers are enabled by
CX, and AOB and AlB are 00, data from the
IEEE bus is connected to the uyP bus. When
AOB and AlB are 10 or 11, data is transfer-
red from the DIP switches on the expansion
board to the uyP data bus. When AOB and AlB
are 01, status data is transferred from the
DPAV by way of the expansion board to the
data bus.

The expansion board also contains a relay
which is used to switch the DPAV between
remote and local operation. Remote or local
operation is selected by way of the inter-
face.

Utilizing the hardware described above, the
program in ROMs U23 and U24 can perform any
IEEE function required to control the DPAV,
transfer data from the DPAV to the IEEE bus
and respond with a status word on request.
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C.1l1 PARTS LIST AND SCHEMATICS

This paragraph contains the parts lists, parts locator diagrams and schematics for the

prime and expansion board.

Replacement Parts List: IEEE Interface (Prime Board) - 783777-03

Ref. NAI Mfr. Mfr. Total

Des. Description Part No. Code Part No. oty
Sub-Assembly 500928-1

c1 Capacitor, Elect. Tantalum 808259 56289 138D106X9025C2 2

10uf, 25V, *10%
c2 Same as Cl

cé Capacitor, Ceramic 803406 72982 5835-000-Y5U-1032 25
.luf, 12v, +80-20%

7 Same as C6
Cc8 Same as C6
co Same as C6
Cl0 Same as C6
Cll Same as C6
Ccl2 Same as C6
cl3 Same as C6
Cl4 Same as C6
cl5 Same as C6
Cl6 Same as C6
cls8 Same as Cé
C19 Same as C6
Cc20 Same as C6
c21 Same as C6
c22 Same as C6
c23 Same as Cé6
c24 Same as C6
Cc25 Same as Cé
C26 Same as C6
27 Same as C6
c28 Same as Cé6
C29 ’'Same as Cé6
C30 Same as Cé6
Cc31 Same as C6

C32 Capacitor, Ceramic 880636 72982 5655-000-Y5F0-104M 2
luf, 12V, %20%

Cc33 Same as C32

C34 Capacitor, Ceramic 880817 71590 CY20C474M 1
.47uf, 50V, *20%
R1 Resistor, Composition 801981 01121 CB1015 1

10092, 1/4W, *5%
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Replacement Parts List: IEEE Interface (Prime Board) - 783777-03 (Continued)

Ref. NAI Mfr. Mfr. Total

Des. Description Part No. Code Part No. oty

R3 Resistor, Composition 803388 01121 CB3325 3
3.3k, 1/4wW, #5%

R4 Same as R3

R5 Resistor, Composition 880088 01121 CB4725 1
4.7k, 1/4wW, %5%

R6 Resistor, Composition 807094 01121 CB2055 2
2MQ, 1/4wW, %5%

R7 Same as R6

R8 Same as R3

Ul Integrated Circuit 808412 01295 SN75452BP p

U3 Integrated Circuit 808342 01295 74LS125N 2

U4 Integrated Circuit 808421 04713 MCe802P 1

US Integrated Circuit 808373 01295 74LS244N 2

ué Same as U5

u7 Integrated Circuit 808374 01295 74LS243N 2

us Same as U7

U9 Integrated Circuit 808341 01295 74LS04N 3

Ulo Integrated Circuit 808137 01295 74LSO0ON 2

Ull Integrated Circuit 808131 04713 MC6820P 1

Ul2 Integrated Circuit 808339 04713 MC3440P 2

Ul3 Same as Ul2

Ul4 Same as Ul0

V15 Integrated Circuit 808127 01295 74LS32N 2

Uleé Integrated Circuit 808139 04713 MC3441P 2

ul7 Same as Ulé

uls Same as U3

ule I.C., Resistor Network 1K 808371 56289 216CH102X2PD 1l

u20 Integrated Circuit 808411 01295 NES55P 1

U2l Integrated Circuit 808135 01295 74LS138N 2

U22 Same as U21

U23* Integrated Circuit, Prog. 884781 1l

U24* Integrated Circuit, Prog. 884782 o ad

U29 Integrated Circuit 808344 01295 74LS253N 5

U30 Same as U29
SC)North Atlantic Industries, 1982, 1983
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Ref.
Des.

U3l
u32
U33
U34
U35
u3e6
Xul
XUu3
XUu4
XU5

XUe
Xu7
Xus
XU9
XUl0
XUll

Xulz

XU1l3
XUl4
XUl5
Xule
XUl7
Xuls
Xu20
Xu2l
Xu22

Xuz23

Xuz24
XU29
XUu30
Xu3l
Xu32
XU33
XU34
XU36

¥i

C-24

Replacement Parts List:

Description

Same as U29
Same as U29
Integrated Circuit

Same as U33

I.C., Resistor Network 10K

Same as Ul5
Socket, 8-pin
Socket, 14-pin
Socket, 40-pin
Socket, 20-pin

Same as XUS5
Same as XU3
Same as XU3
Same as XU3
Same as XU3
Same as XU4

Socket, 16-pin

Same as XUl2
Same as XUl2
Same as XU3
Same as XUl2
Same as XUl2
Same as XU3
Same as XUl
Same as XUl2
Same as XUl2

Socket, 24-pin

Same as XU23
Same as XUl2
Same as XUl2
Same as XUl2
Same as XUl2
Same as XUl2
Same as XUl2
Same as XU3

Crystal, 3 MHz

C3

IEEE Interface (Prime Board) - 783777-03 (Continued)

NAI

Part No.

808343

808410

808406

807473

808409
808408

807474

808004

808336

Mfr.
Code
01295
73138
09922
01295

18677
09922

01295

00779

12749

Mfr.

Part No.

74LS173N

785-1-R10K

DILB8P-108

C931402

US-2-40-110NB
DILB20P-108

C931602

530018-1

CY3a

Total

%454
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NOTE

WHEN REPLACING U23 or U24, INSTALL
PROM MARKED 885068-1 INTO U23 POSI-
TION AND 885068-2 INTO U24 POSITION.

| Figure C-7. 1IEEE Interface Prime Board, Parts Locator

C=25



NAI T™ 5001

Ref.
Des.
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Rerlacement Parts List:

Descrigtion

Capacitor, Elect. Tantalum
10uf, 25v, =210%

Capacitor, Ceramic
.0luf, 25V, +80-20%

Same as C2
Same as C2
Same as C2
Same as C2
Same as C2
Same as C2
Same as C2
Same as C2
Same as C2
Same as C2
Same as Cl

Capacitor, Elect. Tantalum
10uf, 25V, %10%

Diode

Transistor
Transipad, TO-18

Transistor
Same as Q2
Same as Q2
Transistor

Resistor, Composition
2k, 1/4wW, *5%

Resistor, Composition
1kQ, 1/4W, #5%

Resistor, Composition
150G, 1/4w, *5%

Resistor, Composition
51k, 1/4wW, +5%

Same as R4
Same as R4
Same as R4
Same as R4
Same as R4
Same as R2
Same as Rl

Resistor, Composition
470k, 1/4W, *5%

IEEE Interface (Expansion Board) - 783778

NAI

Part No.

808259

803406

808270

883449

BB82178
882406

803662

803631
801094

880084

803672

801985

806093

Mfr.
Code

56289

72982

90201

ools2

QPL
07047

01295

04713
01121

0ll2l

0ll21

01121

0l1l21

Mfr.
Part No.

138D106X9025C2

5835-000-Y5U-1032

TDC106K025FL

5082-HSCH-1001

JAN 2N2907
10172N

2N38B1°9

2N3904
CB2025

CB1025

CB1515

CB5135

CB4745

C3

Total
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XUl0
XUll
Xul2
XU13
XUl4
Xuls
XUule
Xul7

Replacement Parts List:

Description

Resistor, Composition
10k, 1/4W, 5%

Same as R2

Resistor, Composition
1k, 1/4w, 5%

Integrated Circuit Switch
Same as Ul

Integrated Circuit

I.C., Resistor Network, 1K
Same as U4

Driver

Integrated Circuit

Same as U7
Same as U7
Same as U7

Integrated Circuit
Integrated Circuit

Same as Ul2
Same as Ul2
Same as Ul2

Integrated Circuit
Same as U6

Socket, 1l6-pin
Socket, l4-pin
Socket, B-pin

Same as XJ6
Same as XJ6
Same as XJ6
Same as XJ6
Same as XU3
Same as XU6
Same as XUé6
Same as XJ6
Same as XJ6
Same as XU3
Same as XU6

NAI TM 5001

IEEE Interface (Expansion Board) - 783778

NAI
Part No.

801006

880084

808372

808137
B0B371

808412
808344

808127
808343

805456

807474
807473
808406

Mfr,
Code

0l121

01121

00752

01295
56289

01295
01295

01295
01295

07263

01295
01295
09922

Mfr.
Part No.

CB1035

CB1025

SE2AV591-8

74LS00ON
216CH102X2PD

SN75452BP
74LS253N

74LS32N
74LS173N

8601DC

C931602
C931402
DILBBP-108

Total

c=-27
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ON REV, C1 AND BELOW BOARDS,
UR AND U17 ARE MOUNTED ON
ASSEMRLY 787066 AND R3 IS
MOUNTED AS SHOWN IN DASHED
LINES.

Figure C-8.

IEEE Interface Expansion Board, Parts Locator
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APPENDIX D

RATIOMETER
SPECIFICATIONS
Reference Input Voltage:
100V Ratio unit = 100V, 126V rms
maximum
30V Ratio unit = 30V, 37.8V rms
maximum
10V Ratio unit = 10V, 12.6V rms
maximum
Reference Input Impedance: 500KQ
Ratio Ranges:
For 100V and 30V Ratio units:
Voltage Full Scale Maximum
Range Ratio Range Display
10 mvV 20 x10-5 19.999 x10-5
100 mV 200 x10-5 199.99 x10-5
1000 mV 2000 x10-5 1999.9 x10-5
10V 20 x10-2 19.999 x10-2
100V 200 x10-2 199.99 x10-2
500V 2000 x10-2 1999.9 x10-2
For 10V Ratio Unit:
Voltage Full Scale Maximum
Range Ratio Range Display
10 mv 20 x10-4 19.999 x10-4
100 mv 200 x10-4 199.99 x10-4
1000 mV 2000 x10-4 1999.9 x10-4
10V 20 xlo0-1 19,999 xl10-1
100V 200 x10-1 199.99 x10-1
500V 2000 x1lo0-1 1999.9 x10-1

OVERLOAD light flags excessive ratio,

signal and reference levels.
Accuracy (23° *5°C)

Where:

Vref = The actual voltage put

into the REF channel

VRin = The ratio voltage des-
ignation, i.e., 10V,
30V or 100V Ratio

unit.

NAI TM 5001

(1) Inphase and Quadrature Modes:
26 Hz to 60 Hz:
(0.025% F.S. +0.05% reading)
in .
— +0.16% readin
Vref =
6l Hz to 1.5 kHz:
(0.025% F.S. +0.05% reading)
TR0 L6 084 readi
— Y readalin
Vref J
>1.5kHz to 20kHz:
(0.05% F.S. +0.08% reading)
VRin
+0.25% readin
Vref =
>20kHz to 32 kHz:
(0.075% F.S. +0.10% reading)
VRIR 10,300 readi
—_— . readin
Vref .
>32kHz to 54 kHz:
(0.15% F.S. +0.30% reading)
VRin
+0.40% reading
Vref
(2) Total Mode:
61 Hz to 30kHz:
(0.05% F.S. +0.1% reading)
VR4
s +0.15% reading
30Hz to 60Hz >30kHz to 100 kHz:
(0.05% F.S. +0.1l% reading)
XBE& +0.50% reading
Vyef
Orthogonality:
Temp coef.
{23° 15°C) "{0''to 18°C
Freguenc:: 29 tO SO.C)
26 Hz to 60 Hz 0.15°* 0.01°/°C
60 Hz to 5kHz 0.09° 0.007°/°C
5kHz to 20 kHz 0:15° 0.01°/°C
20kHz to 32 kHz 0.2° 0.015°/°C
32 kHz to 54 kHz 0.4° 0.030°/°C



£. Temperature Coefficients:
(0® to 18°C; 28° to 50°C)
(1) Inphase and Quadrature Modes:

26 Hz to 60Hz:
(0.0015%/°C F.S. +0.003%/°C

reading)
VRin ,
—— +0.015%/°C reading
Vref

61 Hz to 1l.S5kHz:
(0.0015%/°C F.S. +0.003%/°C
reading)

VRin

+0,006%/°C reading
Vref

>1.5kHz to 20 kHz:
(0.002%/°C F.S. +0.004%/°C

reading)
VR;
—2  40.016%/°C reading
Vref

>20kHz to 32 kHz:
(0.0025%/°C F.S. +0.005%/°C
reading)
VRj_n
Vref
>32kHz to 54 kHz:
(0.005%/°C F.S. +0.017%/°C
reading)

+0.02%/°C reading

VRin

+0.035%/°C reading
Vref

(2) Total Mode:

26 Hz <TC <60 Hz TC = 0.017%/°C
60Hz <TC <30kHz TC = 0.015%/°C
30kHz <TC <100kHz TC = 0.017%/°C

g. Response Time: Same as normal voltage
mode.

h. Frequency: 1 or 2 frequencies which
are the same as those in the phase
measurement modes. Each ratio fre-
guency replaces one of the four-phase
measurement freguencies.

35 Remote Programming and Digital Outputs:
Yes.

D.2 DESCRIPTION AND OPERATING
INSTRUCTIONS

The ratiometer in the DPAV is offered at
one or two frequencies, which are the same
as the phase-sensitive frequencies in the
instrument. Each ratio fregquency replaces
one of the four phase sensitive freguencies
The ratiometer is selected by a push buttor
adjacent to the regular frequency push but-
ton, or by remote control.

The measurement in this mode is the ratio
of the signal voltage to the reference
voltage. In the Inphase and Quadrature
modes, the harmonics are rejected as de-
fined in the normal voltage mode specifi-
cations. Total mode measurement is the
ratio of total signal voltage (including
harmonics and noise) to the fundamental of
the reference voltage.

The OVERLOAD light flags if the reference
voltage exceeds 126% or ratio exceeds
1.9999, in addition to flagging excessive
signal level.

The displayed reading must be interpreted
according to the range to get the actual
ratio. On the millivolt ranges, the read-
ing is multiplied by 10-5; on the volt
ranges, 10-2 to obtain the ratio. For
example, if the reference was 100V and
the signal 50mV, the reading on the 100 mV
scale would be 50.00. The actual ratio is
50 x 10>, obtained simply by multiplying
the reading by 10™>. For VR10, use 10~4
and 10-1 respectively.

For reference voltage less than approxi-
mately 60% of VR, care must be taken when
in the Autorange mode, since the range
selected by the Autoranging loop could re-
sule in a ratio in excess of 2.0. It is
best to downrange manually until overloaded
and then go to the next higher scale.

D.3 THEORY OF OPERATION

In brief, the ratiometer digital output
defines the ratio of the signal voltage
divided by the reference voltage. (Refer
to figure D-1).
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REF INPUT | |
gj)_ ;‘;it' ilter | 5| Demod.| plrilter b
. - I
(Main Board) : |
Y o Wi
Ratio Mode Enable =

(Main Board)

[ | RATIO SWITCHING CARD _5;-_ - 1

4 DC Proportional

to REF Input

|
, Logic g
atio Activated| I
(to Readout
Board) J
Overload |

g
(to Main Board)

Spillover

Ratio Switching

Internal

OVRNG Digit | A/D
Board

Strobe

|
I

|

|

I

{.* ]

| |

'L.I]_ Rt N R A

DC Reference

Figure D-1. Overall Block Diagram

The ratiometer signal voltage can be the
Inphase, Quadrature, or Total voltage and
these values are the same as in the normal
mode of operation (voltmeter) producing
the capability for Total, Inphase, or
Quadrature ratio.

The reference input voltage (containing
all harmonics and noise) is fed from ref-
erence transformer T2 to the ratio mode
card. Basically, this card consists of an
ac filter, a demodulator, and a dc filter.
The output of this card is a dc voltage
proportional to the ac reference input
voltage. A block diagram of the card is
shown in figure D-2.

When the ratiometer mode is selected, the
analog-to-digital converter operation is
altered from the normal voltmeter mode.
The constand reference voltage from a
zener source is disconnected and the dc
voltage from the ratio card substituted

by the ratiometer switching card. During

a cycle of the dual slope integrator, the
input of the integrator will now switch the
dc voltage produced by the signal channel
dc voltage which is always proportional to
the signal input level. The mathematical
output function of the dual slope integrato
is now the ratio of two variable dc voltage
External to the ratio mode card in the fre-
quency card slot is circuitry for detecting
a ratio card dc output level which would
correspond to a reference input overload
state greater than 126% of VR. Circuits to
detect a ratio state in excess of 1.999
also exist. If either of these states

is reached, the DPAV OVERLOAD flag flashes.
These external circuits are located on the
ratiometer switching card on the underside
of the A/D converter. The overload func-
tion is performed by a calibrated compara-
tor which detects the difference between
the zener source voltage on the A/D con-
verter and the ratio card dc output voltage

D-3
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PHASE DETECTOR

H—{D TP3
DC | TPS
v, PILTER
b g ®
=L hﬁJVT 5
L A /
GAIN SET for
10v,30V or 100V
INPUT REFERENCE VOLTAGE
T}___L
o + _ 4 =
RATIO L ,H
szi::; DC OPPSET n:i; !L
- TS ADJ
m.
Connected for
calibration )A\ Normally Connected
16 s L 4 ] 26 ‘
>_4é - JﬁAff :;1{
R3

REF
DC OUT

‘\\\‘N DC GAIN

ADJ

Figure D-2. Ratio Card Block Diagram

If the ratio card output dc exceeds a
certain voltage, it is an indication to
Z3 on the ratio switching card that the
REF input is exceeding 126% of VR and the
OVERLOAD lamp lights.

The excess ratio condition is detected by
digital circuits which detect strobe
pulses used to light the overrange digit.
Circuitry Zl1 and Z2 on the ratio switching
card detect a state in which there are two
or more overrange strobe pulses within the
period of one dual slope integration cycle
indicating a ratio greater than 1.999.

The output of Z2 lights the OVERLOAD lamp.

The ratio switching card (figure D-3) con-
tains a discrete logic circuit which pro-
grams both the ratio card and the readout
board.

The readout board contains logic (215)
which controls the VOLTS, MV, 10~2 and
10~5 lamps. In the ratiometer, the VOLTS
and MV lamps are inhibited and 102 and
10-5 LED's are activated. 1In the normal

voltage mode, 10-2 and 10-5 LED's are in-
hibited and VOLTS-and MV lamps operate nor-
mally. For VRjg and 10-1 and 10-4 respec-
tively.

D.4 PERFORMANCE CHECKS
D.4.1 Eguipment Regquired

e Precision Oscillator

e Power Amplifier, Krohn-Hite Model
DCA-10R or eguivalent

e 2 Ratio Boxes, RB504 or equivalent, or
2 Dytronics RTS 501 for fregquencies
greater than 5 kHz

e Ac Fluke Meter, Model 931

D.4.2 1Initial Setup

a. Feed the precision oscillator into the
power amplifier and set the power amp-
lifier to the VRj, voltage. For a 10V
ratio mode card, this would be 10V rms
+0.1%; for 30V, 30Vrms *0.1l%; for
100V, 100Vrms #0.l%. Set the oscil-
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——=E4 Zener Voltage (from A/D Board)
—o0 ES Ratio card output DC Voltage (from Ratio card)

E;: TP2
%j__l_ﬂ A/D Reference Voltage (to A/D BRoard)

———————0FE9 (Ratio 1 + Ratio 2) (to Readout Board)

[
=

le—0 E1 Ratio 1 Mode Enable 215V (from Main Board)

OR Gate
L)\n.o o fe—© g2+ Ratio 2 Mode Enable :15V (from Main Board)

=

: voltage
o COMparator o Switch E8 Overload (to A/D Board)
Logic
One Shot

Spillover Level T
(from A/D Board) E7 o— Delay

F8 o Detector
Overrange Pul -/

(from A/D Board)

*Used only in the case of two ratio mode capability.

Figure D-3. Ratio Switching Card Block Diagram

lator to the center frequency of opera- .00300 for 100 VR
tion of the ratio card frequency (%0.1%). .01000 for 30VR
.03000 for 1O0VR

b. Place the power amplifier output into

the inputs of two ratio boxes and label (3) Note that NO SYNC lamp goes out.
them REF and SIG. Place the SIG and
REF outputs into their respective in- D.4.3 Linearity Check for Offset
puts of DPAV. Set both ratio boxes to Error
000000.
a. Set reference and signal ratio boxes to
c. Place DPAV controls as follows: the desired voltage settings (para. D.l
Note the proper frequency range for
Function Selector: INPHASE these limits. All readings must be
Voltage Scale: AUTO within the following tolerances:
RATIO button: Depressed
LOCAL: Depressed VRjpgp: 100V Ratio unit, match to VSjgp

for correct voltage levels

8 SHAELEL EhGck: VR30: 30V Ratio unit, match to VSj3p

i . f
(1) Note that NO SYNC lamp is 1lit. 0f RPrTack Woltaue 1svels

(2) Increase reference ratio box VRjp: 10V Ratio unit, match to VS;j
setting to: for correct voltage levels
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Now that linearity at the center fre-
guency of operation has been determined,
bandwidth linearity must be checked.
Place both Signal and Reference ratio
boxes to 1.00000. Increase the input
frequency by 5% above the center of
Note the readout values.
This value must fall between the values
shown in table D-1.

Lower input freguency by 5% below the
center of operation. With ratio box
settings as in b, above, note readout.
The value must fall between the upper
and lower limit specifications of b,

Insert VR specified (i.e., 10V, 30V,
into the Signal channel and
lower the reference level until the

digital readout approaches 199.99. As

the ratio exceeds 199.99, the OVERLOAD

Remove Signal channel input and in-
crease the Reference channel input to
126 V for VR1p00, 37.8V for VR3g, or
The DPAV OVERLOAD
lamp must light at this level.

ALIGNMENT AND CALIBRATION

b.

operation.
Cs

above.
d.

or 100V)

lamp must flash.
e.

12.6 Vv for VR1p-
D5
D.5

.1l Equipment Required

Dc Fluke Meter, Model B95A or equivalent

Precision Oscillator, Krohn-Hite Model
446R or equivalent

Krohn-Hite Power Amplifier, Model
DCA-10R or eguivalent

Two Ratio Boxes, RB504 or egquivalent,
or two Dytronics RTS501 for fregquencies
greater than 5 kHz

D.5.2 Voltage Mode Zero Offset

a.

Adjustments

Set oscillator at center frequency of
operation of the ratio card and its cor-
responding voltage mode.

Set ratio boxes at 0.0000 and set up
equipment per figure D-4. Set the in-
put to the ratio boxes as shown below
for the corresponding ratio card volt-
age:

100V Ratio unit: 100V rms
30V Ratio unit: 30V rms
10V Ratio unit: 10V rms

Place DPAV in normal voltmeter mode and
energize DPAV. Place DPAV in Total mod:
and allow one-half hour warm-up for all
equipment, including DPAV, to stabilize
thermally. (After warm-up period, re-
move DPAV top cover.)

Keeping DPAV in normal voltmeter mode,
place it in the Inphase mode. Set the
Reference input ratio box at 0.10000.
NO SYNC lamp should go out.

Remove Signal input connection from
DPAV and short the SIG HI and LO ter-
minals together. Using dc Fluke meter,
monitor A/D converter TPl3 for a volt-
age of 0.0V *0.2mvdc. If necessary,
adjust TP1l3 voltage with main board
potentiometer R93 (or R8 on an appro-
priate frequency card).

Using dc Fluke meter, monitor A/D con-
verter TP1l2 for a voltage of 0.0V
+0.2mVdc. If necessary, adjust TPl2
voltage with main board potentiometer
R104 (or R18 on the appropriate fre-
quency card).

Table D-1. Readout Values
Limit f(26-60 Hz) f(60-1.5k)Hz f(>1.5k-20k)Hz f(>20k=32k)Hz f(>32k-54k)Hz
Upper Limit 100.26 100.18 100.42 100.55 100.91
Lower Limit 99,74 99,82 99.58 99.45 99.09
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PRECISION
OSCILLATOR
|
RATIO BOX
POWER o [ ~ (SIGNAL)
AMPLIFIER [
0 O
RATIO BOX
(REFERENCE) O
O+
L1 omv
RATIOMETER {rBCISTON
OREP UNDER TEST O DC METER
(PLUKE)
Figure D-4. Test Setup
f. Attach SIG input terminals of DPAV to b. Set Signal and Reference ratio boxes

its ratio box output. Using arbitrary

levels, insure that DPAV operates in

normal voltmeter modes (Inphase, Quad-

rature, Total, and Phase Angle). C.

D.5.3 ZERO Offset

a. Remove the REF input leads from the
ratio box and short the REF input ter-
minals of DPAV. Place DPAV in the d.
Inphase and Ratio mode and turn the
Signal input to zero.

b. Place jumper on the ratio card to
ground, i.e., the calibration position.

c. Connect dc voltmeter to pin Z4-6 on
the ratio card and adjust R20 for a
reading of 0.0V 0.2mVdc.

)>.5.4 Reference Gain Adjust

a. Place jumper on the ratio card into
its normal operating position,

to 1.0000 with the DPAV in AUTO and
button set to ratio of 2.

Assure the oscillator is at center fre-
quency of the ratio card, then adjust
R38 on the ratio card for a readout of
100.00 %20.02 on the DPAV. Use appro-
priate scale in ratio mode.

Readjust both ratio boxes to a reading
of 0.5000. Observe readout and note
the reading. If the reading is below
100.00 x10-2 (for 100 or 30V ratio
reference levels) and 100.00 xlO'1
(for 10V ratio reference levels), ad-
just R37 on the ratio card to above
100.00 x10~2 by the same amount. Re-
set both ratio boxes to 1.00000 and
adjust R38 for a readout of 100.00
+0.02 x10~2 (for 100 or 30V ratio ref-
erence levels) and 100.00 #0.02 x10-1
(for 10V ratio reference levels).
Recheck readings as before with ratio
boxes at 0.50000 and make any fine ad-

D-7
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D.5.

a.

b.

C.

d.

D.6

D'6-

justments as may be necessary.
5 Overload Calibration

Place DPAV in Autorance, Inphase and
raise the input voltage of both Signal
and Reference boxes to 126 Vrms *.1%,
for 100V ratio cards; to 37.8 Vrms
+.1% for 30V ratio cards; to 12.6 Vrms
+0.1% for 10V ratio cards. Set both
ratio boxes to 0.9V.

Unscrew A/D converter retainers and
fold up A/D converter. Locate ratio
switching card attached to underside
of A/D converter.

Set Reference input ratioc box to 1.01
and rotate R4 on ratio switching card
until OVERLOAD lamp goes out. Slowly
rotate potentiometer R4 until OVERLOAD
lamp just comes on. (R4 shown in fig-
ure D=2).

Return Reference input ratio box set-
ting to 0.9. Slowly begin to reduce
the Reference input while monitoring
the digital readout. As the readout
approaches 199.99 and proceeds to ap-
proach a theoretical 200,00, the OVER-
LOAD lamp must begin to light. (This
function is not adjustable; if a fail-
ure exists, troubleshooting will be
required.)

TROUBLESHOOTING

1 Eguipment Regquired

DVO 120 Weston precision oscillator
or eguivalent

Krohn-Hite low power amplifier or
equivalent

Dc Fluke Model 895A or equivalent
Ac Fluke Model 931 or equivalent

Set of two ratio boxes

D.6.2

a.

D.6.3

d.

i §

NOTE

DPAV is assumed to be operational in
all modes, ranges, and phase-sensitive
frequencies except for the ratiometer,

Initial Setup and Check

Place DPAV in the Inphase, ratio of
2.0 mode and apply through the ratio
boxes (set at 1.00000) 10V for a 10V
ratio unit, 30V for a 30V ratio unit,
or 100V for a 100V ratio unit.

Remove DPAV top cover and unfasten A/D
converter retainer screws., Locate ratio
mode switching card attached to under-
side of A/D converter for future ref-
erence,

Monitor A/D converter TP7 with dc Fluke
meter. The dc voltage at this point
should be -9,50V #,25V,

Lower the reference input ratio box
setting to 0.5 in 0.1 steps. The A/D
converter TP7 voltage should decrease
by 0.95V #*10mV per step.

If the A/D converter responds correctly,
the trouble is in the A/D converter and
not in the ratiometer cards.,

If the A/D converter TP7 voltage does
not respond or is incorrect in level
or change, proceed to step e.

Reset the Reference input ratio box
to 1.0. Locate ratio card placed in
one frequency card slot and monitor,
with dc Fluke, TP4 (near top of card).
The TP5 voltage should be -9.,00V
*.25Vvdc.

Ratio Card Troubleshooting

Deenergize DPAV. Remove ratio card,
and using a scope, check the J connec-
tor, in which this card was seated,
for proper voltage as shown below:



de

.6.4

i.

Je

Pin Reading

7 (ENABLE) +14.2V *200mVv

18 +15V supply

10 -15V supply

15 OV (or approx. 0Q Ca

to unit ground with
an ohmmeter)

Reinstall ratio card, energize DPAV,
and reset ratio boxes to 1.00000. Set
DPAV to Inphase and ratio of 2 mode. ds

Check TPl of ratio card under test
(refer to schematic) for reading of
900 mvrms. If reading is correct,
check monitor TP2 for a voltage level
of approximately 6.50Vrms. If read-
ing is correct, proceed to step d.

Monitor Z1-12 for a square wave of the
TPl signal, switching approximately be-
tween +14V and =14V . Then monitor
TP3, which is the chopped sine wave of
TP2 (with a peak of approximately 4.7V
peak) .

Monitor TP5 for a dc level which moves a.
proportionately to the DPAV reference

ac input. Take note of the dc voltage

with the reference ratio box set at

1.00000, then set this ratio box at

0.50000 and assure the dc voltage now b.
reads half.

Monitor TP4 for 9.00V .25V when the
reference ratio box is set at 1.00000.

Ratio Switching Card
Troubleshooting

Monitor TP2 on the ratio switching

card with the dc Fluke for -9.00V Cha
+,25Vdc. Ripple should not exceed

1mv. If reading is correct, the

fault is in the wiring connection be-

tween the ratio switching card point

E3 and the A/D converter Z29-3. If

the voltage at TP2 is absent or incor-

rect, proceed to step b.

D.6.6

Using dc Fluke meter, monitor E5 on
the ratio switching card for -9.00V a.
+.25Vdc. If voltage is correct, pro-

D.6.5
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ceed to step c. If it is absent or
incorrect, there is a wiring fault be-
tween the ratio card pin 16 and the
ratio switching card E5.

Monitor gate of Q3 with oscilloscope
for +14.8 +,2V. If voltage is correct,
03 and its associated components are
faulty. If voltage is incorrect in
polarity or level, proceed to step d.

Monitor collector of Q5 with oscillo-
scope for +150mV #100mVdc. If volt-
age is correct, Q4 and its associated
components are faulty.

For inoperative LED readouts, and with
Q5 collector at a logic low (0OV <V
<.25Vdc), Z13 on readout board and/or
LED's are faulty.

If Q5 collector voltage is incorrect,
Q5 and its associated components and/or
its drive signals Rl or R1+R2 are faulty.

REF OVLD Fault Troubleshooting

Set Signal input ratio boxes to 1.0.
Set the Reference input ratio box to
0.4. Use appropriate wvoltage levels
for ratio card under test.

Monitor TPl on ratio switching card .
(attached beneath A/D converter carriage)
with oscilloscope. A pulse train should
be seen between +0.1V *,15% to +4.5V
+.25Vdc.

If pulse waveform is present, Q1 and
its associated components are faulty;
if absent, proceed to step c.

Monitor Zl-11 of the ratio switching
card with oscilloscope. Pulses should
be seen with negative excursion between
+4.5V *.25Vdc and 0.1V *0.15Vdc.

If these pulses are present, Z2 is
faulty; if absent, Z1 is faulty.

Ratio OVID Fault Troubleshooting

Using power amplifier, set appropriate
ratio voltage, 10V, 30V, or 100V,



NAI TM 5001

Ref,
Des.

Cl
c2

CR1l
CR2
CR3

CR4

CR5
CRé

Q1
Q2
Q3

Q5

R4
R5

R6
R7
R8B
R9

D-10

through a ratio box set at 0.9 to the
Reference terminals of DPAV. Signal
channel input is unimportant.

Monitor anode of CR2 on ratio mode
switching card with oscilloscope for
-14.8V *,2vVdc. If a reading is cor-
rect, Q1 and its associated components
are faulty. If reading is incorrect,
proceed to step c.

Replacement Parts List:

reading is correct, R3, R4, R5 voltage

Cl

While monitoring CR2 anode, ground

CR2 anode voltage
+2Vde, If

divider and/or its input connections

If reading is still in-

PARTS LIST AND SCHEMATICS

C
23-3 with probe.
must approach +14.8V
are faulty.
correct, Z3 is faulty.
D.7

Ratio Switching Card - 783654

NAI Mfr.

Description Part No. Code
Capacitor, Mica 807363 72136
1500pf, 500V, #5%
Capacitor, Elect. Aluminum 807194 24318
22uf, lev, -0+100%
Diode 802924 07263
Same as CR1
Same as CR1
Diode 807121 01295
Same as CR1l
Same as CR1
Transistor 806949 04713
Transistor 804360 01295
Transistor 803662 01295
Transistor 805059 QPL
Same as Q1
Resistor, Composition 801397 01121
5.1k, 1/4W, *5%
Resistor, Composition 802723 01121
43kQ, 1/4W, #5%
Resistor, Metal Film 807475 16299
14.3kQ, 1/4W, *5%
Potentiometer, 2k, 20% 806910 32997
Resistor, Metal Film 807476 16299
56.2k{), 1/8wW, *1%
Resistor, Composition 801721 01121
12kQ, 1/4W, #5%
Resistor, Composition 801006 01121
10k, 1/4W, *5%
Resistor, Composition 801409 01121
3.9k, 1/4W, 15%
Resistor, Composition 801984 01121

7.5k, 1/4W, 15%

Mfr. Total
Part No. th
DM1SFA-152J 1
PCD22PBlé6 1
1N3069 5
1N759A 1l
2N4123 2
2N4360 h B
2N3819 1
JAN 2N2906 1
CB5125 1
CB4335 1

NC4 14.3K, 1/4W, 5% g

3386pP-1-202 1
C4 56.2K, 1/8wW, 1% 1

CB1235 1
CB1035 1
CB3925 b |
CB7525 ‘ 2



€5

Ref.
Des.

R11

R12
R13
R14

R15

XzZ1,2
XZ3

Z1
z2
Z3

Replacement Parts List:

Description

Resistor, Composition
150k, 1/4W, 5%

Resistor, Composition
51k§i, 1/4W, *5%

Same as R11l
Same as RS
Same as R1l1l

Resistor, Composition
160k, 1/4W, *5%

Resistor, Composition
33k, 1/4wW, 5%

Socket, I.C.
Socket, Op Amp

Integrated Circuit
Integrated Circuit
Operational Amplifier

NAI Mfr.
Part No. Code
802757 01121
801985 01121
803995 01121
802259 01121
807473 09922
805671 82110
804883 01295
805456 07263
806051 12040

O

783654

’ Zl

R

Mfr.
Part No.

CB1545

CB5135

CBl645

CB3335

DILB-14P-11
A23-2052

SN7400N
9601DC
IM741CH

Figure D-5.

Ratic Switching Card, Parts Locator

NAI TM 5001

Ratio Switching Card - 783654 (Continued)

Total

1245 4

H R N

D-11
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C2

Replacement Parts List:

Ref.
Des.

c3

C5
cé

c7

ce

Cll
clz2
Cl3
Cl4
Cl5

Ccle
c17
Ccls
Ccle
Cc20
c21
c22

c23

c24

Cc25
c26
cas
Cc29
C30
c3l
Cc32
CR1

Description

Capacitor, Ceramic
.luf, 100V, *10%

Same as C3

Capacitor, Elect. Aluminum
1ouf, 25v, -10+50%

Capacitor, Ceramic
5pf, 1000V, *.,25pf

Capacitor, Mica
150pf, 500V, 5%

Same as C3

Same as C3

Same as C7

Same as C8

Capacitor, Ceramic
.0luf, 25V, +80-20%

Same as Cl5

Same
Same
Same

Same

as

as

as

as

cs8
c7
cs
Cl5

Same as Cl5

Capacitor, Polycarbonate
50V, *10%

luf,

Capacitor, Ceramic
5000pf, 1000V, *20%

Capacitor, Ceramic
200pf, 1000V, *10%

Same
Same
Same
-Same
Same
Same
Same
Diode

Same

as

as

as

as

as

as

as

as

c22
ce
c3
cs8
C3
c3
c7

CR1

NAI
Part No.

880640

806890

806884

801365

880034

806903
805620

805602

802924

Ratio Mode Reference Card (10V, 30V,

Mfr.
Code

24318
72982

72136

72982

14752

12982

72982

07263

NAI TM 5001

100v) - 783688, 783689,

Mfr.
Part No.

CKO6BX104K

PCD10PB25

831-000-C0GO-509C

DM15-F151J

5835-000-Y5001032

W625B1A105K

811-000X5F-0201K

831-000X5F-0201K

1N3069

783690

Total

15
7 1

D-13



NAI TM 5001

Replacement Parts List: Ratio Mode Reference Card (10V, 30V, 100V)
783688, 783689, 783690 (Continued)

Ref. NAI Mfr. Mfr.

Des. Description Part No. Code Part No.

CR3 Same as CR1

CR4 Diode 806330 QPL JAN 1N914

CR5 Same as CR4

Ll Choke, 33 h 804836 76993 9230-56

L2 Same as L1

Q1 Transistor 805808 01295 T1S=75

Q2 Same as Q1

Q3 Transistor 808190 06001 GES6002

Rl Resistor, Metal Film 807176 18612 V53-1 10K, .3W, .l%
10kQ,; .3W, *.1%

R2 Resistor, Composition 802080 01121 CB8225
8.2kQ, 1/4W, *5%

Rr3! Resistor, Metal Film 808027 75042 MAR 3 210K, .3W, .1%
210k, .3W, +.1%

R3? Resistor, Metal Film 808026 75042 MAR 3 69.8K, .3W, .l%
69.8kQ, .3W, *.1%

r3? Resistor, Metal Film 808024 75042 MAR 3 21K, .3W, .1l%
21k, .3W, +.1%

RS Resistor, Composition 801397 01121 CB5125
5.1k, 1/4W, *5%

R10 Same as R1

R11 Same as R9

R12 Same as R1

R13 Same as R1

R14 Resistor, Metal Film 806933 18612 V53-1 40K, .3W, .l1l%
40kQ, .3W, *.1%

R15 Resistor, Metal Film 806919 75042 MAR-5 20K, .3W, .1l%
20k}, .3W, *.1%

R16 Same as Rl

R17 Same as R15

R18 Resistor, Metal Film 803404 16299 C07 1008, 1/4w, 2%
1000, 1/4W, +2%

R19 Resistor, Metal Film 806239 16299 CO07 150K, 1/4W, 2%

150k, 1/4wW, 2%

1 j0v reference
2 30v reference
3 100v reference

D-14

el



Ref.
Des.

R21

R22

R30

R31
R32

R33

R40

R4l

R43

zl

Replacement Parts List:
783688,

Description

Resistor, Pot. 50kQ

Resistor, Metal Film
10kQ2, 1/4wW, *2%

Resistor, Metal Film
1 MR, 1/4wW, *2%

Resistor, Metal Film
T5kR; 3N, £.1%

Resistor, Composition
10Q, 1/4W, *5%

Same as R23

Resistor, Metal Film
130kQ, 1/4wW, 2%

Resistor, Composition
2kfl, 1/4W, 5%

Resistor, Composition
1k, 1/4W, *5%

Same as R27

Resistor, Composition
10kQ, 1/4W, #5%

Same as R30

Resistor, Composition
1.5k, 1/4W, *5%

Resistor, Metal Film
56.2kQ, 1/8W, *1l%

Same as Rl

Same as R15

Same as R21
Resistor, Pot. 10kQ
Same as R23

Resistor, Metal Film
270.5kQ, *.1%

Same as R19

Resistor, Metal Film
2009, 1/8w, #2%

Resistor, Metal Film
6.2k02, 1/4wW, *2%

Operational Amplifier
301A Selected

NAI TM 5001

Ratio Mode Reference Card (10vV, 30V, 100V)

783689, 783690 (Continued)

NAI
Part No.

807251
803386

805142

806920

803784

806489

801094

801004

801006

802232

807476

807507

806197

806543

806661

807478

MEY.
Code

32997
16299

16299

18612

01121

16299

01121

01121

01121

01121

16299

32997

11880

16299

16299

Mfr,
Part No.

3299X-50K
RLO7 10K, 1/4W, 2%

C07 1 Meg, 1/4W, 2%

V53-1 75K, .3W, .1l%

CB1005

CO7 130K, 1/4w, 2%

CB2025

CB1025

CB1035

CB1525

NC4 56.2k, 1/8W, 1%

3299X-1-103

RB-71 270.5K, .1l%

NC4 2002, 1/8W, 2%

CO07 6.2K, 1/4W, 2%

Total
oty

D-15



NAI T™M 5001

Replacement Parts List: Ratio Mode Reference Card (l0vV, 30V, 100V)
783688, 7836892, 783690 (Continued)

Ref. NAI Mfr. Mfr. Tota
Des. Description Part No. Code Part No. Oty
z2 Operational Amplifier 807428 12040 LM318H 1
Z3 Same as Z1
Z4 Same as Z1l
Z5 Integrated Circuit 804749 04713 MC1437L 1
zZ6 Same as Z1
[ 27
] f B
']
e ¢
-
e o
e o
E
® |
&
L]
®
E
Q6
]

Figure D-7. Ratio Mode Reference Card, Parts Locator

Replacement Parts List: Readout Board - 783590 (Add to standard Readout Board)

Ref. NAI Mfr. Mfr. Total

Des. Description Part No. Code Part No. oty

R25 Resistor, Composition 802226 01121 CB2015 1
200Q, l1/4w, *5%

XZ15 I.C. Socket 1l4-pin 807473 09922 DILB-14P-11 1

Z15 Integrated Circuit 804344 07263 936DC 1

D-16
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APPENDIX E

REAR SIGNAL AND REFERENCE CONNECTORS (MS)

Signal and reference input terminals are
connected in parallel to pins A and C of

connectors on rear panel. Use of the

jumper on front terminals will duplicate
connections of rear connector. The rear
connector is MS3102A-10SL-3P. (Its' mat-

ing connector is MS3106A-10SL-3S.)
nections are as follows:

Con-

NAI T™M 5001

Signal
Front Terminal Rear Connector
Hi A
Lo c
Gnd B
Reference

Front Terminal

Hi

Rear Connector

Lo

A
c

E-1/(E-2 blank!



APPENDIX F

VARIABLE SCALE ADJUST

F.1 THEORY OF OPERATION

NAI TM 5001

(Vsa)

IEEE VSA contrel lines are designated J1-1

and J1-2 on the VSA PC board.

The variable scale adjust option permits
the operator to vary the signal channel
level ( 8.75Vdc going to the A/D converter)
when operating the unit in the Inphase mode. a.
When operating the DPAV in the Quadrature

mode, the variable scale adjust has no

affect.

The VSA is enabled in the local mode by b.
push button switch Sl. The resulting logic

1 (thru Z2 and Z3 gating) at pin 6 of Z3

enables the VSA. A logic 0 at this point
disables the VSA. This logic level is fed

into Z1A op amp which is configured as a

basic differential input comparator. When

the input is at logic 1, the op amp goes

into positive saturation and when it is

logic 0 it goes into negative saturation.

When the VSA is enabled (push button de-

pressed) and Z1A is at positive saturation,

Q2 FET switch conducts and Q1 FET switch

is open; thereby actuating R6 variable
potentiometer located on the front panel.

This potentiometer varies the signal chan-

nel dc voltage going into Z1B op amp. Z1B C.
is configured as a voltage follower and the
resultant output is a dc level proportional

to the potentiometer setting when the VSA

is disabled (push button OUT depressed).

Z1A goes into negative saturation, thereby
causing FET switch Q1 to conduct and FET

switch Q2 to shut off. The voltage fol-

lower output is the same as the input be-

cause R6 potentiometer is out of the cir-

cuit. d.

The VSA is disabled in Total, Fundamental,
and Phase Angle modes. This is accomplished
thru Z3. If any of the above modes are
selected, Z3 output goes to a logic O,
thereby disabling the VSA.

When in the Remote mode the VSA enable and
disable can be programmed externally through
the remote control digital output board
J1-10. Potentiometer R6, located on the

front panel, must always be manually operated.

Fa.2

TEST AND ADJUSTMENT

Use the DPAV in the main board fre-
guency VM mode with its signal input
connected to an inverting ratio box
(NAI Model 504, or equivalent).

Place the DPAV in the Inphase mode,

1V scale and set the ratio box output
to OVrms. Check and readjust, if
necessary, R93 on main board for OV
$0.2mV at TPB. Set VSA IN/OUT switch
to OUT. Turn VSA front panel control
fully cw, being careful not to force

it past its internal end stops. Con=-
nect test lead to A/D converter TP1l3

or TPl on VSA board (use main board

TP9 GND for VSA TPl) and adjust R3 on
VSA for OV #0.2mVdc. Set VSA IN/OUT
switch to IN and check that the previou
adjustment has not changed more than
0.2mVdc. Set VSA IN/OUT switch to OUT

With the DPAV in the Inphase mode, 1V
range, and + and ~-1.18V applied, note
the readings. Set the VSA IN/OUT switc
to IN and VSA front panel control fully
clockwise. The readings should be the
same respectively %2 LSD. Check that
the reading can be adjusted to within
25 LSD's at the 25, 50, and 75% of full
scale points with #1V applied.

The VSA is disabled in Total, Fundamen-
tal, and Phase Angle modes. To check
this, apply +1 Vrms to the signal chan-
nel in the Inphase mode. Set the VSA
IN/OUT switch to IN and adjust the
front panel control to read 0.5V in-
phase. Check that the readout returns
to its proper full scale reading in
Total and Fundamental mode. Set VSA
IN/OUT switch to OUT and place unit in
Phase Angle mode. Set REF OFFSET switc
to IN and adjust variable offset contro
for a reading of 45.0°. Set VSA IN/OUT

r-1



NAI TM 5001

€2
€3

ot}
C5
€R1l
CR2
Q1
Q2

R2

R3
R4

R5
R6

sl

XZ2
XZ3
Zl
z2
Z3

¥2

switch to IN. Reading should stay at cluded, repeat step c except progra
45° for Phase Angle and 315.0° for VSA externally by grounding pin 10
Ref Phase. Return unit to Inphase, J1l on the remote control board.

VSA out, and REF OFFSET out.
If Remote Control (Option 03) is in- F.3 PARTS LIST AND SCHEMATIC

Replacement Parts List: Variable Scale Adjust - 786707

NAI Mfr. Mfr. T¢
Description Part No. Code Part No. ¢
Capacitor, Mica 801264 72136 DM15-E101J
100pf, 500V, *5%
Same as Cl
Capacitor, Ceramic 806086 72982 5815-000Y5U0-1042
0.luf, 25v, +80-20%
Same as C3
Same as C3
Diode 802924 07263 1IN3069
Same as CRl
Transistor 884661 04713 2N5465
Transistor 807505 01295 TIS 75
Resistor, Composition 801983 01121 CB5625
5.6k, 1/4wW, 5%
Resistor, Composition 801985 01121 CB5135
51k§l, 1/4wW, *5%
Potentiometer, Trim. 50kQ 806911 32997 3299W503
Resistor, Composition 801006 01121 CB1035
10kQ, 1/4W, +5%
Same as R4
Potentiometer, Wirewound 10K 884880 02111 162-284
Switch 807203 07342 807203
Socket, I.C. 807473 09922 DILB-14F-11
Same as XZ1
Same as XZ1l
Integrated Circuit, Linear 807754 04713 MC1747CL
Integrated Circuit, TTL 804883 01295 SN7400N
Integrated Circuit, DTL 805807 07263 962DC

—_ a

d e I 1
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Figure F-1l. Variable Scale Adjust, Parts Locator
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NAI TM 5001

APPENDIX G

MANUAL CHANGE DATA

ce

£.1 INTRODUCTION

This aypendix contains information neces-
sary to backdate the manual to conform

wit earlier assembly configurations. To
iderntify the configuration of the assembly
used in your unit, refer to the revision
letter on the solder side of each assembly.
Tacle G-1 defines the assembly revision
devels ted in this manual with an X.

aocumen

6-2

As cranJdes and improvements are made to

NEWER UNITS

the unit they are identified by increment-
ing the revision letter or number marked
on the affected assembly. These chances
are documented on a Product Revisior. Sheet
which, when applicable, is inserted at the
front of the manual.

G.3 OLDER UNITS

To backdate this manual to conform with
earlier assembly revision levels, perforrm

the changes indicated in table G-1 in
descending order.

Table G-l. Manual Status and Backdating Information
o . To adapt manual to earlier rev configurations perform
Assemply NAI - ; i = a
- X change numbers in descending order (by no.), ending
Name Part No. o .
with change under desired rev letter.
AJBI|BRLICIE]JFIGIJIKIKTIEKI2ILILL|T]U] W2
Main Board 5008692 6 X 1
Beadout Board 783590 4 X
A/D Converter 783591 X
lieference Isolation| 783601-2 X
algnal‘Broadband 783602-2 %
Isolation
Bull Meter 783672 X
Frequency Board 783599 51X
Remote Control/ 783603 2 X
Digital Output
JEEE Interface 783777-03 JEX
{Prime Board)
| EEE Interface 783778 X
{Expansion Board)
r;ntio Switching 783654 X
783688 X
Batio Mode Ref. 783689 X
{ 783690 X
‘Wariable Scale Adj.| .783707 X

U= the assembly revision levels documented in this manual.
‘hbers represent changes described in the following pages.



NAI TM 5001

CHANGE 1 - MAIN BOARD (PCR 21699)
1. Remove Cl193 (NAI P/N 807459) from the main board parts list.
2. Change 248 from NAI P/N 808145 to NAI P/N 804069.

3. Remove C193 from figure 7-1 (sh 1 of 4) and reorient Cl34 in figure 7-1 (sh 3 of 4)

£C193 (REMOVE)

4. Change figure 8-2, sheet 2 of 7 and sheet 5 of 7 to the configurations shown below:
on 1%

i

—t -J—v¢wv
R244 -8y

RIN3
AN~

10K CR46 TP3S 73-3
I£ SH 1 ()

cla2 2ps
SH 2 OF 7 SH 5 OF 7

CHANGE 2 - REMOTE CONTROL DIGITAL BOARD 783603 (PCR 22283)

In the remote control digital board parts list (Appendix B) change Q1 and Q2 from NAI
P/N 808190 to NAI P/N B06949.

CHANGE 3 - IEEE INTERFACE 783777-03 (PCR 22470)

1. In the IEEE interface board parts list, change U23 from NAI P/N 885068-1 to NAI P/N
884781 and U24 from NAI P/N B85068-2 to NAI P/N 884782.

2. Delete the following note from figure C-7.

NOTE

WHEN REPLACING U23 or U24, INSTALL
PROM MARKED 885068-1 INTO U23 POSI-
TION AND 885068-2 INTO U24 POSITION.



C5 NAI T™ 5001

CHANGE 4 - READOUT BOARD 783590 (PCR 22497)

In the readout board parts list, change XZ1 through XZ12 from NAI P/N 808197 to NAI P/N
807474.

CHANGE 5 - FREQUENCY BOARD 783599 (PCR 22552)

1. 1In the frequency board parts list, change Q12 from NAI P/N 882779 to NAI P/N 884661
(2N5465) .

2. In figure 7-7, change orientation and shape of Q12 to [::)
3. In figure B8-4, change Q12 from 2N5116 to 2N5465.
CHANGE 6 - MAIN BOARD 500869 (PCR 22551)

1. Add the following components to the main board parts list.

Ref.

Des. Description NAI P/N Code MFR P/N

Cc99 Capacitor, Ceramic 806883 72982 831-000X5F0151K
150pf, 1000V, *10%

Q20 Transistor 808190 06001 GES 6002

R270 Resistor, Composition 801988 01121 CB1535
15kQ, 1/4wW, 5%

R278 Resistor, Composition 802757 01121 CB1545

150k, 1/4W, 5%

2. On the main board parts list, change the following components:

Ref. New NAI P/N 0ld NAI P/N
262 808145 (LF357H) 885101
235 806347 (LM30lAH) 885122
R279 801636 (20KQ) 803784
R187 802193 (75KQ) 801636
R308 805916 (86.6KR) 805911
Q34 884661 (2N5465) 882779

3. Add C99 to figure 7-1, sheet 1 and R270, R278 and Q20 to figure 7-1, sheet 2.

R278 Q20
R270 € . I\27
- @ E*>
® e #2040 22 [ {'Tz 3
SH2
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4. In figure 8-2 (sheet 2), change 262 to LF357H.

5. In figure 8-2 (sheet 4), add Q20, C99, R270, and R278. Also change 235, R187, and

R308 as shown below:

4 ————y ‘15w LSr
chbo 1 . 230
il | .2j i
< en
T «I15v ,_ - 7
CO% 150P 7 q 3 .5':-[11
| eIy ‘ | 120% THRESM I
—« crsol apos erom ARJWST
Sie , ERY s %
e B ALY
3 I3 Cis Ll
| e
L L '3 »
ces A zn;'a!a r
- >
FIG.72LICID o2 $ RZE0 ‘
" 2weo0z | 36K 7
Ti-9 0eRP oo oy 1 Riee
J412 =< R2’9 e2x
i3 6 20k

SH L i)

Ny AT g5 —C
FiaB-8(sn)

6. In figure 8-2 (sheet 5), change Q34 to 2N5l16.

7. Change the 5th line in paragrpah 5.8.9.2 from 0.333Vrms to 0.3Vrms.



WARRANTY

The Seller warrants Products against defects in material and workmanship
for one year from the date of original shipment. The Seller's liability
is limited to the repair or replacement of Products which prove to be
defective during the Warranty period. There is no charge under the
Warranty except for transportation charges. The Purchaser shall be
responsible for Products shipped until received by the Seller.

The Seller specifically excludes from the Warranty 1) calibration,

2) fuses, and 3) normal mechanical wear, e.g.; end-of-life on assemblies
such as switches, relays, gear trains, etc. is dependent upon number of
operations or hours of use, and end-of-life may occur within the Warranty
period.

‘The Seller is not liable for consequential damages or for any injury or

damage to persons or property resulting from the operation or appllcatlon
of Products.

The wWarranty is voided if there is evidence that Products have been oper-
ated beyond their design range, improperly installed, improperly main-
tained or physically mistreated.

The Seller reserves the right to make changes and improvements to Products
without any liability for incorporating such changes or improvements in
any Products previously sold, or for any notification to the Purchaser
prior to shipment. 1In the event the Purchaser should require subseguently
manufactured lots to be identical to those covered by this Quotation, the
Seller will, upon written reguest, prov;de a quotation upon a change
control program.

No other Warranty expressed or implied is offered by the Seller other
than the foregoing.

CLAIMS FOR DAMAGE IN SHIPMENT

The purchaser should inspect and functionally test the Product(s) in
accordance with the instruction manual as soon as it is received. If
the product is damaged in any way, including concealed damage, a claim
should be filed immediately with the carrier, or if insured separately,
with the purchaser's insurance company.

SHIPPING

On products to be returned under warranty, await receipt of shipping
instructions, then forward the instrument prepaid to the destination
indicated. The original shipping containers with their appropriate
blocking and isolating material is the preferred method of packaging.
Any other suitably strong container may be used providing the product
is wrapped in a sealed plastic bag and surrounded with at least four
inches of shock absorbing material to cushion firmly, preventing move-
ment inside the container.



RESOLVER/SYNCHRO
SIMULATORS & BRIDGES
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Model 5310
Programmable Resolver/Synchro Simulator

The Model 5310 can be used as a bench-top ResolverfSynchro Simulator or
as a completely programmable device for ATE systems. Designed to drive
control-type synchros and resolvers, typical applications include produc-
tion testing, simulation systems and general purpose automatic syn-
chrolresolver testing. The 5310 replaces the previous series 538 Digital to
Resolver/Synchro Converters.

Contained within the same compact package size as our popular series
8310 and 8810 Angle Position Indicators, the 5310 features fully isolated in-
puts and outputs and is protected against accidental short circuits and
overloads on the output and overvoltage and transients on the power line in-
put,

Standard features include full remote programmability for line-to-line level,
reference levels, synchro or resolver mode and output angle. Remote con-
trol is parallel BCD or binary bussable tri-state; |EEE-488-1978 GPIB is
available. The 5310 also has full front-panel controls for manual operation.

The 5310 has been designed using state-of-the-art technology with reliabili-
ty and maintainability as major considerations. Serviceability is enhanced
by the wide use of IC sockets.

Featuring 18 bit resolution, 3.0 VA output and 36 arc-second accuracy, the
5310 is ideally suited for many commercial and military applications.

Model 540/10
Resolver/Synchro Bridge

This bridge permits direct measurement of resolver and synchro transmit-
ters. It features a constant null gradient output voltage, isolated input and
output, and input impedance over 500K. The Model 540/10 features 2 arc-
second accuracy at 400Hz and is useful up to 10kHz.

Model 540/20

Broadband Resolver/Synchro Bridge

The Model 540/20 features 10 arc-second accuracy over most of the frequen-
cy band from 55Hz to 10kHz. Also featured is a constant null gradient
voltage which permits deviation measurements by using a Phase Angle
Voltmeter as the null detector.

Series 530
Resolver/Synchro Simulator

This simulator provides the ideal outputs for driving resolvers and synchros
at 11.8, 26, 90 and 115V line-line voltages. These line-line voltages are all
available with either 26V or 115V, 400Hz excitation, and feature isolated in-
put and output. Accuracy is 2 arc-seconds. Resolution is .0001°, with stan-
dard units 3%2" full rack panel.

Model 530/20
Broadband Resolver/Synchro Simulator

The Model 530/20 features 10 arc-second accuracy at 60Hz, 400Hz, and
B00Hz, and 20 arc-second accuracy at 10kHz. It is useable over the entire fre-
quency band from 50Hz to 10kHz. This broadband frequency characteristic
makes it an ideal instrument for test facilities desiring the maximum
capability in each instrument.

Model 532
Low-Cost Synchro Simulator

Model 532 is a miniature synchro simulator offering precision performance
in a small panel-mounted unit suitable for production test, ground support .
and similar systems. Direct simulation of 11.8V 4Q0Hz line-line synchro
transmitters (CX) is provided, with dial reading in 30° segments plus 5° in-
crements selectable by sealed thumbwheel switches and accurate to 30 arc-
seconds.

TECHNICAL BULLETINS

North Atlantic publishes a series of technical bulletins dealing with
theoretical design and application aspects of instrumentation. Copies are
available without charge from our Sales Department or from any North
Atlantic Sales Engineering Representative.

NO. 112 CONVERTING MOTION TO DIGITAL DATA

NO. 113 SERVO-STYLE CIRCUIT SPEEDS SYNCHRO-TO-DIGITAL
CONVERSION

NO. 117 SYNCHRO/RESOLVER-TO-DIGITAL CONVERSION FOR COM-
PUTER INTERFACE

NO. 120 PHASE ANGLE VOLTMETERS

NO. 121 ANGLE-SENSING TRANSDUCERS FOR SHAFT-TO-DIGITAL
CONVERSION

SALES OFFICES

North Atlantic Sales Engineering Representatives are located in principal
cities throughout the world. These representatives are available for con-
sultation, can provide engineering data on any of the North Atlantic pro-
ducts, or prepare technical and cost proposals for special requirements on
computer interface equipment, phase sensitive instrumentation,
resolver/synchro instrumentation and automatic test equipment. To locate
the Sales Engineering Representative serving your area, please consult the
current editions of EEM (Electronic Engineers Master), or contact our Sales
Department.

SERVICE CENTERS

Factory service is available at authorized Service Centers in:
LOS ANGELES, CA LONDON, ENGLAND
MINNEAPOLIS, MN MUNICH, GERMANY
HAUPPAUGE,NY PARIS, FRANCE
TEL AVIV, ISRAEL
TOKYO, JAPAN

pe——

north atlantic

INSTRUMENT DIVISION

60 Plant Avenue, Hauppauge, NY 11788-3890
(516) 582-6500

TWX 5110-227-9660 Cable: NO ATLANTIC

Litho USA 2/86



