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WARNING

EXTREMELY DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT
Be careful when working on any connector of Test Set Group, Indicator, Radar 0Q—-63A/APS—9%4D. Test

Set Subassembly MX—-86¢38A/APS~94D and Test Set Subassembly MX—9639A/APS—-84D contau: connectors
with terminals carrying 640 volts dc, 531 volts dc, 115 volts ac, and +100 volts de.

DON'T TAXE CHANCES!
EXTREMELY DANGEROUS VOLTAGES EXIST IN THE FOLLOWING UNITS:
Test Set Subassembly MX—=8638A/ AP S =94 ........iiiiiiiiiiiiiiiieriiiiaiinnrasaenacanannns +630 vde
Test Set Subassembly MX—=8689A/APS~94D ... ... .coiiiiiiiiiiiiiiiiriiiiiaiienitennaannenns +531 vde
WARNING

The fumes of TRICHLOROETHANE are toxic. Provide thorough ventilation whenever it i used; aveid
prolonged or repeated breathing of vapor. Do not use near ar open flame or hot surface; trichloroethane is non-
flammable but heat converts the fumes to a highly toxic phosgene gas the inhalation of which could result in
serious injury or death. Prolonged or repeated skin contact with trichloroethar 2 can cause skin inflammation.
When necessary, use gloves, sleeves and aprons which the solvent cannot penetrate.
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REPORTING OF ERRORS

You can improve this manual by recommending improvements using DA Form 2928-2 located in
the back of the manual. Simply tear out the self-addressed form, fill it out as shown on the sample, fold
it where shown, and drop it in the —ail.

If there are no blank DA Forms 2028-2 in the back of your manual, use the standard Form 2028
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mouth, NJ 07703.
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CHAPTER 1

INTRODUCTION

1-1. Scope
a This manual contains direst support
maintenance instructions for Test Set Group, In-

dieator, WOQ-WAPS-MD This manual in-

cludes imstructions Wm m dmﬁ support

aﬂuma,tudmmwuiwt IMMHW

tools and test equipment required for maintenance.
b. The complete technical manual for this equip-

ment includes TM 11-6825-1833-12.

1-2. Indexes of Publications

e DA Pam $16-4. Refer to the latest imsue of DA
Pam m-4 m detarmine wmm m m new

Mnimtot!wuimm.
b mmamw mmmmmmm

m are smy
1-3. Forms and Records

ment Rarm as mmrm%eé in aﬁ
T00~S8/NAVEUPINST «030.00/AFR 71187800
mmmmm ﬁ%ﬁ

?m@mmmw
1-4. Reporting Equipment Improvement Rec-
ommendations (EIR)

Bens f@%mﬁ%@ &WN
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CHAPTER 2

PRINCIPLES OF OPERATION

Section |. TEST SET GROUP, INDICATOR, RADAR
OQ-63A/APS-94D, BLOCK DIAGRAM ANALYSIS

2-1. General

Test Set Group, Indicator, Radar OQ-63A/APS-
94D (test set group) is a portable test set that permits
bench testing, aligning, calibrating, and trouble-
shooting of the unite and plug-in modules of Radar
Surveillance Set AN/APS-94D cockpit complex (less
Recorder-Processor-Viewer, Radar Mapping RO-
495/U). The test set group components function
together as a single operating unit through inter-
connecting cables simulating signals and voltages
required for Radar Surveillance Set AN/APS-94D
operation and testing.

2-2. Overall System Function

Test set group generates the video information and
sweep signals required to operate either the fixed
target or moving target cathode-ray tubes, or the
monitor crt of Recorder-Processor-Viewer
RO-495/U. Through the use of test set group cabling,
units of the cockpit complex are tested under dynamic
conditions by substituting units electrically for cor-
responding circuitry in the test set group. Plug-in
modules of the units are tested dynamically by
physically substituting them for corresponding
modules in the test set group[ Paragraph 2-3
describes the basic crt sweep requirements of a radar
indicating system as information that will help to un-
derstand the functional operation of the test set
group.[Paragraphs 2-4]through 2-14 discuss the
major block diagram functions of the test set group.
Detailed block diagram functions are discussed in sec-
tion 1l of this chapter. Detailed circuit functions are
discussed in sections Il through 1X of this chapter.

2-3. Radar Indicating System Crt Swoop
Requirements.
(fig. 2-1)
In order to maintain a linear display of video infor-
mation on the crt, horizontal and vertical sweep
signals must produce constant-velocity traces.
Further, the traces must remain in focus over their
entire length to maintain resolution. Provisions are

required to permit rotation of the trace in cor-
respondence with selectable simulated drift angle in-
puts (fig. 2-1). A means must be provided to cor-
relate sweep direction and starting and stopping
points with selectable simulated antenna switching
modes. In the AN/APS-94E right(R) antenna mode,

15 DEG
RIGHT AIRCRAFT 1
DRIFT (RIGHT
DRIFT ANGLE)
FIXED
OFFSET
A LEFT ANTENNA MODE
0
0 DEG \.
ORIFT
VARIABLE
OFFSET
B RIGHT ANTENNA MODE
FIXED
VEATICAL 15 DEC
OFFSET LEFT AIRCRAFT
DRIFT (LEFT
DRIFT ANGLE)
0 066
N ORIFT
VARIABLE
VERTICAL
OFFSET
C BOTH ANTENNA MODE
ELIAGOLS

Figure 2-1. Crt sweep requirements.
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the trace must start at the left edge of the ert and
sweep right. In the left (L) antenna mode, the trace
must start at the right edge of the crt and sweep left.
In the BOTH antenna mode the trace must start at
the center and sweep alternately in each cirection in
synchronism with antenna switching. Sweep rates
must conform to selectable simulated range
segments. Finally, vertical oifset must be added to
the sweep signals to meet crt photomapping re-
quirements.
2-4. Video Simulator and Synchronizing
Circuit

(fig. 2-2)
The video simulator and synchroniting cireuit
generates video information for display on the ert. In
addition, this circuit generates the necessary timing
signals for synchronizi: g the funetions of other major
circuits. The basic time reference for this cireuit is a
5-MHz crystal controlled oseillator.

2-5. Sweep Circuit

(fig.2-2)
The sweep control circuit contains circuitry for con-
trolling rotation of the ert trace as well as selection of
range display.

2-6. Horizontal Sweep Circuit

(ng.z-2)
The horizontal sweep circuit containe cirewitey
necessary to generate a horizontal sweep ramp signal,

offset this signal curing left or right antenna mode,
and correct the waveshape of the ramp signal to com-
pensate for pincushion distortion. The ramp signal is
also utilized by the vertical sweep circuit, the ert
regulator and focus circuit, and the video amplifier.

2-7. Vertica Sweep_ Circuit

(fig.2-2)
The vertical sweep cirewit contains circuitry
necessary to generate a vertical sweep ramp voltage
in order to rotate the ert trace. The vertical sweep cir-
cuit also provides a fixed vertical offset. The ramp
signal is also utilized by the ert regulator and focus
cirenit.
2-8. Video Amplifier

(fig. 2-2)
The video amplifier amplifies video signals from the
video simulator and synchronizing circwit and
provides fixed and selectable compression s 8 func-
ﬁmdumdamlywmmmmm The video
amplifier also contains unblanking cireuitry which
mmawa@dﬁmm%hmmmﬁumm»
cuit.

2-9. Groundspeed/Drift Angle Servo Loop

mg =)

sroundspeed/drift mg% servo loop mwdm
nmmamw%wﬁmmawm
mplifier channel and is read out on 4 stepper-moter-

0 <« SWEEP RANP FOR I HORIZONTA
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- FOCUS CORREC TIONFOR ORY FOOUS
ANODE
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o o PRI T S .
‘ | dvbtim ULATED LI Al ) Batinte
L LAt | smaron |- S

Figure 2-2. Suas tien tirmeg, Indbieten Bosim €348 » A1 - sd? wuasiors Toowotise Wbyl dionggoveen



driven indieator. In the groundspeed mode, the same
variable synehro input is supplied to a groundspeed
amplifier channel and is read out on the same in-
dicator. With the exception of a fault output to the
BITE circuit and power source connections, the
groundspeed/drift angle servo loop is independent of
all other circuits in the test set group.

2-10. BITE Circuit

(fig. Z-2)

The BITE (built-in test equipment) circuit monitors
major circuits in the test set group to provide four in-
dividual failure lamp indications. The vertical and
horizontal sweep circuits and the video amplifier are
monitored to provide failure indication on the first of
the four lamps. The video amplifier is monitored to
provide a sweep fault indication on the second lamp.
The anode regulator and crt regulator and focus cir-
cuit are monitored to provide a fault indication on the
third lamp. Either channel of the groundspeed/drift
angle servo loop is monitored to provide a control
fault indication on the fourth lamp.

2-11. Overveltage Protectiion Circuit
(fia. 2-2)

The overvoltage protection circuit monitors each of
the three phases of ac line power. At approximately

T™M 11-6625-1833-30

200 volts peak and above, the overvoltage protection
circuit electronically short circuits each phase of line
power, which is then interrupted by circuit breakers.

2-12. Low Voltage Power Supply Circuits
(fia_22)

The low voltage power supply circuits provide 13
regulated voltages and one unregulated voltage. The
voltages range from -20 vdc to +640 vdc.

2-13. Monitor Adapter Input Simulator

The monitor adapter input simulator generates
simulated ECCM video and ECCM deflection signals.
These signals are used to test the monitor display
adapter circuits in Recorder-Processor-Viewer, Radar
Mapping RO-495/U.

2-14. ADAS Simulator
(fig. 2-2)

The ADAS simulator provides vertical and unblank-
ing signals to exercise the ADAS printer circuitry of
Recorder-Processor-Viewer, Radar Mapping
RO-495/U.

Section I1. TEST SET GROUP, INDICATOR,

RADAR OQ—63A/APS—94D DETAIL
BLOCK DIAGRAM ANALYSIS

2-15. General

This section describes the functioning of the test set
group at the detail block diagram level. All of the
major circuits discussed in section | of this chapter
are discussed on a detail block diagram basis. The
sweep control circuit, vertical sweep circuit, horizon-
tal sweep circuit, focus circuit, and the video
amplifier, are included on one block diagram illustra-
tion due to the functional interrelationship of these
circuits.

2-16. Video Simulator and Synchronizing
Circuit
(fig2-3)

The video simulator and synchronizing eireuit
generates a basic time reference with a 5-MHz os-
cillator. The square wave output of the oscillator is
supplied to a 750-Hz prf clocked counted and to the
video amplifier circuit (para 2—32) through the pulse
width logic circuitry. The 750-Hz prf clocked counter
counts the 5-MHz square wave down to the 750-pulse
repetition frequency (prf) used in the test set group.
The output of the 750-Hz prf clocked counter is
supplied to each of two groups of pulse width logic cir-

cuitry to establish pulse widths. One of the two
groups of pulse width logic circuitry establishes the
pulse width for the 750-Hz fixed-target (ft) video
signal supplied to the video amplifier circuit. Pulse
amplitude is controlled by VIDEO AMPLITUDE con-
trol 1A2R19. The other group of logic circuitry derives
a sweep gate signal and a yoke clamp signal. The
pulse width of these two signals is determined by con-
trol panel range selection. The third output from this
group is supplied to a divide-by384 antenna counter.
The output of the counter is supplied to a third group
of logic circuitry that provides ft and moving-target
(mt) enable pulses and an antenna gate. The antenna
gate is selected by control panel selection for left,
right, or both antenna operation.

2-17. Sweep Control Circuit-
(fig.[FO-Z Jand[[FO-2Z7)

The sweep control circuit provides control of antenna
mode, horizontal and vertical range selection, and
cathode ray tube (crt) trace rotation. Paragraphs
2-18 through 2-31 provide a description of the cir-
cuits that perform these operations. Figure FO-21
shows module interconnection for Test Set
Subassembly MX-8639A/APS—94D (unit 2).

2-3
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Figure 2-3. Video smulator and synchronizing circuits, block diagram

2-18. A Sine O/ A Cosine 0 Signa Generation

(fig.[FO-2)
When ANTENNA switch 289 is set to either LEFT or
RIGHT, the test set group operates in the single
antenna mode. In this mode, the sweep control circuit
reccives from the video simulator und synchronizer
circuit (fig. 2-3) an antenna gate that is either -4
volts (left antenna) or +4 volts (right antenna). When
ANTENNA switch 289 is set to BOTH, the sweep cor-
trol circuit receives a square wave antenna gate input
from the video simulator and synchronizing circuit
(waveform A fig. FO-2). The antenna gate is applied
to left/right switch 2A1Q12, Q13 through switch
driver 2A1Q10, Q11 via panel connectors and cables.
When the antenna gate is +4 volts (right antenna)
left/right switch 2A1Q12, 13 applies approximately
410 volts from 25 km right control 2TB3R5 to
amplifier 2A6A1AR3, AR4. When the antenna gate is
-4 volts (left antenna) left/right switch 241Q12, Q13
appliez approximately -10 volls from OFFSET GAIN
control 2R11 to amplifier 2A6A1ARS, AR4. The
square wave outputs of amplifier 2A6A1ARS, AR4
are connected to cosine ¢ voltage divider 2A 1Ry, RE2,
R38, and sine voltage divider SAIR28, R2D, RID. ihe
outputs of cosine voltage divider ZA1R31, RS2, k33
are connected to DRIFT ANGLE switch 2811 .3, -2.
The outputs of sine voltage divider 2AI1R28, R29, 1130

2-4

are connected to DRIFT ANGLE switch 2811, -9, -8.
When DRIFT ANGLE switch 2811 is set to 15, the
voltage at wiper 2S11W3 represents the sine of 15
degrees and the voltage at wiper 2511W1 represents
the cosine of 16 degrees. Similarly, setting DRIFT
ANGLE switch 2511 10 1.8 enables the selection of
voltages, from the cosine and sine voltage dividers,
that represent the cosine and siue of V.8 degree. Set-
ting DRIFT ANGLE switch 2811 to 0 connects wiper
2311 W3 to ground and connecis wiper 2811W1 direct-
ly to the cutput of ampiifier 2A6A1AR4. (The signals
at wipers W1 and W3 of DRIFT ANGLE swiich 2811
are termed A cosine § and A sine ¢, respectively, to
distinguish them from cosine 0 and smwne 0 signals
developed through the action of the horizontal range
selection circuit (para 2-19) and vertical range selec-
tion circuit para 2-20).) The A cosine § and A sine ¢
signals at wipers W1 and W3 are coupled through
rource followers 2A6A1ARG6 and ARZ to their respec.
*'ve goctions of ANTENNA swiich 289 and 1o vollage
'abders 2ATRIY — R14 and 2ATRT — RIO,

2-19. Horizontal Range Selection
(fig.[EC=2)

The A cosine 9 signal is applied 1o horizonta) range

voltage divider 2ATRI} — R14 snd ANTENNA

pwiteh 2998 through source follower ZAGATARG.




Since the divider output is ultimately used as charg-
ing voltage for sweep generator 2A4AIAR2 in the
horizontal sweep circuit [para 2-7l), the dope of the
horizontal sweep generator output ramp signal is con-
trolled by selecting one of the horizontal range
voltage divider outputs, providing 25, 50, or 100-km
ranges. Selection of the proper divider output is ac-
complished by ANTENNA switch 2S9B in conjunc-
tion with RANGE switch 2S8B. The divider output is
routed from wiper W4 of RANGE switch 2S8B
through source follower 2A6AIAR5 to the horizontal
sweep circuit as the cosine 0 signal. The cosine 0
signal developed here is applied to the horizontal
sweep circuit [(para 2-21 through 2-26) to generate
signas necessary to modify the horizonta crt sweep
when the trace is rotated O degrees.

2-20. Vertical Range Selection

(fig.
The operation of the A sine O channel is similar to
that of the A cosine O channel with two exceptions.
Firgt, there is no A sine 0 signal when DRIFT ANGLE
switch 2511 is set to O zero) because in that position
wiper W3 is grounded. Second, an offset gain voltage
is applied to the A sine O signal to provide control of
the position of the trace on the crt. The offset gain
signal is applied to the antenna gate by adjusting
OFFSET GAIN control 2RIl [[para 2-18). The A sine
0 output at 2S8B (WI) is routed through source
follower 2A6AIARI to the vertical sweep circuit as
the sine 0 signal. The sine 0 signa developed here is
applied to the vertical sweep circuit
through 2-31) to generate the signals necessary to
position and rotate the crt trace to an angle of 0
degrees.
2-21. Horizontal Sweep Circuit

(fig.
The horizontal sweep circuit contains circuitry
necessary to generate a horizontal sweep ramp
voltage, offset this ramp signal for single antenna
operation, and correct the waveshape of the ramp
signa to compensate for pincushion distortion. In ad-
dition, the horizontal sweep signd is used by the crt
focus circuit and the vertical sweep circuit.
[Paragraphs 2-22 through 2-26 describe the opera-
tion of the circuitry performing these functions.

2-22. Horizontal Offset
(fig.[EQ-2)

The horizontal sweep circuit receives sweep gate
(waveform D [fig. FO-2) and yoke clamp (waveform
E) signals from the video smulator and synchroniz-
ing circuit {fig._2-3). These signals, in conjunction
with the cosine 0 output of the sweep control circuit,
generate proper drive currents for the ft and mt crt
horizontal yoke loads. When the test set group is
operated in either the left or right antenna mode, the
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crt trace must be offset to start at one edge of the
cathode ray tube, rather than a the center. Voltages
necessary to provide these offsets are developed by
LEFT HORIZONTAL OFFSET control 2R9 and
RIGHT HORIZONTAL OFFSET control 2R12 (fig.
[EG-2). ANTENNA switch 2S9C (W4) selects the ap-
propriate offset control output, routes it through
switch 2A4AIQ5 to summing amplifier 2A4AIARA4.
Summing amplifier 2A4AIAR4 sums the offset
voltage with the output of horizontal sweep generator
2A4AIAR2. Considerable power is required to hold
the trace at the edge of the crt. To avoid unnecessary
power dissipation, the yoke clamp output of switch
driver 2A4AIQ2 inhibits application of the offset
voltage, except during the yoke clamp interval, by
turning off switch 2A4AI1Q5. (Waveforms D and E
are shown for zero range delay operation.) When
ANTENNA switch 2S9C (W4) is set to BOTH, ground
is applied to switch 2A4AIQ5 which, in turn, causes
the offset signal input to summing amplifier
2A4A1AR4 to become zero volts, thus allowing the
sweep to start at the center of the crt.

2-23. Horizontal Sweep Generator
(fig. [EQ-2)

The cosine 0 output from the sweep control circuit is
applied as charging voltage to sweep generator
2A4AIAR2 through switch 2A4AIQ3, Q4. When the
sweep gate is present, switch 2A4AI1Q3, Q4 is open,
allowing the sweep generator to develop a linear ramp
output voltage (waveform F). At the end of the sweep
gate, switch 2A4AI1Q3, Q4 conducts to terminate the
sweep. Since the yoke clamp terminates at the end of
the sweep interval, the blanked trace returns to the
center of the crt. When ANTENNA switch 239 is set
to BOTH, the polarity of the cosine O signa revers
with the antenna gate signal. This causes the sweep
generator to provide a group of positive ramp signa
outputs (left antenna), followed by a group of
negative ramp signal outputs (right antenna). Before
the sweep is supplied for the ft or mt deflection yoke
loads, it must be corrected for pincushion distortion.

2-24. Horizontal Pincushion Correction

(fig. [EC-2)
Pincushion distortion results from the fact that the
position of the spot on the face of the crt is not direct-
ly proportional to the deflection angle. In addition,
spot deflection is not linear with respect to deflection
yoke current. To compensate for these conditions, the
output waveshape of horizontal sweep generator
2A4AIAR?2 is altered to provide the proper yoke
current waveshape. The deflection angle is linearly
related to the arc sine of the horizontal and vertical
yoke currents, and the position of the spot on the face
of the crt is linearly related to the tangent of the
deflection angle. Horizontal sweep generator
2A4AIAR2 and vertical sweep generator 2A4AIAR6G
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provide sweep signals that are linear with respect to
time. Without correction, therefore, the spot would
accelerate as it moved away from the center of the
crt. By changing the waveshape of the horizontal and
vertical sweep generator outputs, a composite yoke
current is obtained so that spot deflection is related to
the sine of the uncorrected deflection angle. This
results in a constant spot velocity to assure linear dis-
play of information on the crt. Cubing amplifier
2A4A2AR9 and summing amplifier 2A4A2AR12 per-
form the correcting function for the horizontal sweep
circuit. The cubing amplifier consists of a nonlinear
network and an operational amplifier that generates
an output which corresponds to the cube of its input

divided by 100; or Eyy4 - %Ty This cutput is

waveform G. This signa is combined with the offset
sweep generator output from summing amplifier
2A4AIAR4 (para 2-22) by summing amplifier
2A4A2ARI2. In summing amplifier 2A4A2AR12, the
cubed input is divided by 22 and summed with the
offset sweep generator output to obtain the corrected
output signal (waveform H). This signd is supplied to
polarity sensor driver 2AIARL, dc amplifier 2A2, and
HORIZONTAL AMPLIFIER SWEEP LENGTH con-
trol 2R3.

2-25. Horizontal Yoke Leads
(fig. [FO-2] and FO—-22)

Dc amplifier 2A2 is a noninverting amplifier that
supplies drive current for simulated mt crt horizontal
yoke load IA2LI or simulated ft crt horizontal yoke
load 1A2L4. This amplifier receives a feedback sam-
ple of yoke load current to assure that the yoke
current is following the corrected sweep veoitage
(waveform H). The output of dc amplifier 2A2 is
supplied to either simulated mt crt horizontal yoke
load IA2LI1 or simulated ft crt horizontal yoke load
IA2L4, depending on the position of DISPLAY switch
2S3. HORIZONTAL AMPLIFIER CENTER control
2R2 and HORIZONTAL AMPLIFIER SWEEP
LENGTH control 2R3 permit control panel adjust-
ment of horizontal sweep centering and sweep length,
depending on the position of HORIZONTAL
AMPLIFIER switch 2S2. The corrected sweep
(waveform H) is also supplied to polarity sensor
driver 2A1AR1 (fig. FO-22). This driver is an invert-
ing, open loop operational amplifier that saturates or
cute off at microvolt input levels. The output of
2A1AR1 driver power switch 2A1Q3-Q6 via bipolar
switch 2A1Q2. Switch 2A1Q2 is opened between
sweeps by the yoke clamp gate (waveform E fig
FO-2) via switeh driver 2A1Q1. This ensures that
switch 2A1Q8-Q6 does not conduct in the absence of
signal input at 2A1ARI1. Current puises supplied to

simulated mt crt horizontal yoke load 2RS are o; op-
posite polarity to those supplied to either load 1A2L1
or load 1A214. In this manner, the +26-volt and
-20—volt power supplies operate into essentially
similar load and regulation requireinents as are pres-
ent in the radar system.

2-26. Horizontal Unipolarizer
(fig. [EG-2)

In addition to pincushion correction, compensation
for incorrect focusing of the edges of the crt
(astigmatism) is incorporated in the test set group.
Since the required correction is related to the position
of the spot on the crt face, samples of horizontal and
vertical sweep signals are supplied to the crt
regulator and focus circuit, which develops the
necessary correction voltages. Before the horizontal
sweep sample is routed to the crt regulator and focus
circuit, it is modified by a unipolarizer circuit con-
sisting of negative sweep detector 2A4A1AR5 and
horizontal unipolarizer 2A4AIARY. In both antenna
operation, the antenna gate causes polarity reversal
of the horizontal sweep sigaal (waveform J). This
signal is supplied to negative sweep detector
2A4A1AR5 where positive sweeps are suppressed
(waveform K). At unipolarizer 2A4A1AR7 the
horizontal sweep signal is summed with the doubled
negative sweep detector output and then inverted
(waveform L). This signal is supplied to the crt
regulator and focus circuit where it is used to develop
center-to-edge focus correction. This signal
(waveform L) is also supplied to the vertical sweep
circuit where it is used in the development of vertical
pincushion correction. During single antenna opera-
tion, the crt regulator and focus circuit require input
signals for edge-to-edge focus correction. The uni-
polarizer circuit provides the proper horizontal out-
put in the same manner as for both antenna opera-
tion. However, since its inputs are different, its cut-
puts are different. Waveforms M, N, and Q iilustrate
unipolarizer signals for right untenna operation.
Waveforms O, P, and Q show the same signais for left
antenna operation.

2-27. Regulated Plus and Minus 9-Volt
Source
(fig.[EO-2)
The horizontal and vertical sweep circuits reguire
balanced positive and negative voltage sources. These
voltages are developed from the regulated 415 vde in-
put 1o the sweep circuits. The 415 volts is supplied to
source follower 2A4AZAR], which provides the +9
vde output. The -9 volts output is produced by in-
verter 2A4A2AR3. Conseguently, any change in the
+9 vde source causes s corresponding change in the
-9 vde source and balance is maintained.




2-28. Vertical Sweep Circuit

(fig[EO-2)
‘The vertical sweep circuit provides a fixed vertical
offset of the crt sweep and generates a vertical sweep
ramp signal to permit rotation of the crt sweep.
Paragraphs 2-29 through 2-31 describe this func-
tion.
2-29. Vertical Offset

(fig.[EG-2)
The vertical sweep circuit receives an inverted sweep
gate signal from driver 2A4AIQl in the horizontal
sweep Circuit. This signal, in conjunction with the
sine @ and offset gain outputs from the sweep control
circuit, generate proper drive currents for the ft and
mt vertical yoke loads. In the vertical sweep circuit,
two offset signads are required. One is a fixed offset
voltage (static offset) from VERTICAL OFFSET con-
trol 2R10 that establishes the vertical position for the
start or stop of the horizontal sweep. In order to
maintain this position during receipt of aircraft drift
angle inputs, an offset gain voltage (dynamic offset)
is suinmed with the static offset. The amplitude of
the dynamic offset depends upon the setting of
ANTENNA switch 289, DRIFT ANGLE switch 2511,
and RANGE switch 2S8. In the left antenna mode,
with RANGE switch 288 set to 25 and DRIFT
ANGLE switch 2SI| set to 15, the summed static and
dynamic offsets pass through switch 2A4AI1Q6 to
appear as one input for summing amplifier
2A4AIARS8. The dynamic offset (offset gain signal)
originates in the sweep control circuit and is supplied
to polarity sensor 2A4A1AR1 and switch 2A4AIQS8.
Polarity sensor 2A4AIARI turns on switch 2A4AI1Q3,
permitting the dynamic offset voltage to pass
through low-pass filter 2A4AIC8, R18, and source
follower 2A4AIAR3 in the presence of drift angle in-
put. The output of 2A4AIAR3 is fed to summing
network 2A4AIR4, R21 where it is summed with the
static offset voltage (2R10), causing the spot position
to shift point 0 (A, fig. 2-1). When the sweep gate oc-
curs, the output of vertical sweep generator
2A4A1AR6 is applied to summing amplifier
2A4A1ARS so that the spot traces the path shown.
Setting ANTENNA switch 289 to RIGHT reverses
polarity of the dynamic offset voltage. Polarity sen-
sor 2A4A1ARI1 turns switch 2A4A1Q8 off and turns
2A4A1Q7 on via ANTENNA switch 289D (W3). With
switch 2A4A1Q7 on, a zero volt level is summed with
the static offset signal. Consequently, the output
from summing amplifier 2A4A1ARS causes the trace
to sweep down as shown at B, figure 2—1. In the
BOTH antenna mode, -20 vdc is supplied to switch
2A4A1Q7 via ANTENNA switch 289D (W3) to hold
this switch off. Since the polarity of the dynamic
offset signal reverses in step with the antenna gate,
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switch 2A4AI1Q8 is continuously toggled by the
polarity sensor. With left aircraft drift (C, fig. 2-1),
switch 244A1Q8 is on during the right antenna inter-
val, charging capacitor 2A4A1C8 to the value es-
tablished by voltage divider 2A"R7—R10 in the sweep
enntrol circuit. During the left antenna interval,
switch 2A4AiQ8 is open; however, capacitor
2A4A1C8 holds its charge, and the dynamic offset is
maintained at summing network 2A4A1R4, R21 so
that the spot traces the path shown at C, figure 2—1.
A vertical offset override signal can be supplied to

switch 2A4A1Q6 to inhibit application of the vertical

affoat ociomale Thia aiomal is nwavidad hu aattine
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VERTICAL OFFSET OVERRIDE switch 1A254 to
ON which allows approximately -20 vde turn off
potential to be applied to 2A4A1Q6 through load
2A4A1R11.

2-30. Vertical Sweep Generator.
(fig[EQ-2

Sweep generator 2A4AIAR6 and switches 2A4AI1Q09,
Q10 operate in the same manner as the sweep
generator circuitry in the horizontal sweep circuit.
However, since the charging voltage is derived from
the sine O output of the sweep control circuit, the out-
put ramp of the sweep generator reverses with drift
angle as well as antenna selection. The offset vertica
sweep signal from summing amplifier 2A4AIARS8 is
supplied to the pincushion correction circuit before
being routed to the ft and mt vertical deflection yoke
loads.

2-31. Vertical Pincushion Correction
(fig. [EQ-2)

The conditions relating to pincushion distortion cor-
rection in the horizontal sweep circuit are applicable
for the vertical sweep circuit. However, the vertical
sweep circuit requires incorporation of the horizontal
signal since vertical deflection is small with respect to
horizontal deflection. Uncorrected vertical and
horizontal sweep signals are combined in a multiplier
circuit consisting of logarithmiec amplifiers
2A4A2AR5, AR7, summing amplifier 2A4A2ARS,
and antilogarithmic amplifier 2A4A2AR10. Prior to
multiplication, the vertical sweep signal is fed to a
unipolarizer circuit (negative sweep deiector
2A4A2AR2 and vertical unipolarizer 2A4A2AR4) that
performs the same function as the unipolarizer cir-
cuitry in the horizontal sweep circuit. Waveform S il-
lustrates the unipolarized uncorrected vertical sweep
signal for right antenna mode and either 1.8 or 15
degrees drift angle. The output from unipolarizer
2A4A2AR4 is supplied to summing amplifier
2A4A2AR8 through logarithmic amplifier
2A4A2AR5. The output of 2A4A2AR5 (waveform T)
is a function of the logarithm of its input. The second

2-7



TMI1-6625-1833-30

input to summing ampilifier 2A4A24AR8 is the output
of logarithmic amplifier 2A4A2AR7 (waveform U).
This amplifier has a transfer function equivalent to
Eout = log 1.6 (E ;). Summing amplifier 2A4A2AR8
adds and inveris its inputs to provide an input for an-
tilogarithmic amplifier 2A4A2AR10. This amplifier
provides an output (waveform V) that is proportional
to the antilogarithm of its input. Consequently, its
output is proportional to the produect of the horizontal
and vertical sweep signals. A portion of this signal is
summed in summing amplifier 2A4A2AR11 with the
uncorrected vertical sweep voltage to produce the cor-
rected vertica sweep (waveform W) for the vertica
deflection yoke loads. Since the uncorrected sweep
signal polarity can be positive or negative, the correc-
tion voltage must be inverted as required. This is ac-
complished by driver 2A4A2AR6, switches 2A4A2Q)
and 2A4A2Q2, and inverter 2A4A2AR13. When the
uncorrected vertical sweep (waveform R) is negétive,
negative sweep detector 2A4A2AR2 provides a
positive output that is inverted by driver 2A4A2AR6
to turn on switch 2A4A2Ql. With 2A4A2Ql on, the
direct output of the antilogarithmic amplifier passes
through the switch. When the uncorrected sweep is
positive, negative sweep detector 2A4A2AR2 develops
a negative output and switch 2A4A2Q2 is turned on,
causing the inverted correction signal from inverter
2A4A2AR13 to pass through switch 2A4A2Q2. The
selected output is routed through voltage divider
2A4A2R62, R63, R75, R76 to summing amplifier
2A4A2AR11 where it is summed with the uncorrected
sweep signal. The corrected sweep output (waveform
W) from summing amplifier 2A4A2AR11 is fed to dc
amplifier 2A3 and to VERTICAL AMPLIFIER
SWEEP LENGTH control 2R5.[(Paragraph 2-41|
describes operation of the dc amplifiers). In addition
to corrected sweep output, the vertical sweep circuit
provides a unipolarized output signa for use by the
crt regulator and focus circuit.

2-32. Video Amplifier Circuit
(fig. (FG-20)

The video amplifier circuit receives video from the
video simulator and synchronizing circuit [[fig-_2-3),
prepares this information for display, and supplies it
to panel connector 2J1. Two video signals are supplied
to the video amplifier; an ft video signd that is a 102.4
us pulse at 750 Hz and a test video signal that is a 5-
MHz square wave. Video signal selection is ac-
complished by setting TEST VIDEO switch |IA2S3 to
ON for test video or to OFF for ft video. In the ON
position, +28 vdc is supplied to the solenoid of relay
IA2K4 through TEST VIDEO switch IA2S3. In the
OFF position, ft video is applied to video ampli-
tude adjust potentiometer |A2A6A2R2. VIDEO
AMPLITUDE control 1A2R19 provides

front-panel control of the ft video input level. The
amplified video output of emitter rollower
1A2A6A2Q4 is supplied to fixed compressor
1A2A6A2CR3. This compressor reduces the gain of
amplifier 1A2A6A2Q2, Q3 for large signal amplitude.
The output of che fixed compressor is amplified by
1A2A5A2Q5, Q6 and supplied to selectable com-
pressor 1A2A6A2CR7, CR8, CR9 through emitter
follower 1A2A6A2Q7. This compressor network con-
sists of three compressors tha: are selected by com-
binations of ANTENNA switch 289 and RANGE
switch 288 settings. Selectable compression is
necessary since increased video amplitude is required
as effective range decreases or crt sweep speed in-
cresses. Example of a selected compressor: With
RANGE switch 2S8A set to 50 and ANTENNA switch
289A set to either RIGHT or LEFT the iollowing oc-
curs. A ground is applied to the 50 position (contact
11) of switch 2S8A. This ground is coupled through
W4 of 288A to ANTENNA switch 289A, contact 7or 9
depending on whether LEFT or RIGHT is selected.
The ground is coupled through W3 of switch 2S8A,
connectors 2J4, 2J3, 2J1, and 1A2J11 and activates
compressor 1 (1A2A6A2CRT7) of selectable com-
pressor network 1A2A6A2CR7, CR8, CR9. As shown
in table 2—1, only fixed compensation is introduced
by the selection of single antenna mode, 25 km range,
since this condition provides the highest sweep speed.
The compensated video is routed through emitter
follower 1A2A6A2Q8 to FT GAIN control 1A2R6.
This control permits output gain adjustment of the
video amplifier. The output of 1A276 is fed to output
clamp 1A2A6A1CR11, which operates in conjunction
with INTENSITY contro! 2R6 via DISPLAY switch
283 (W5) to establish the proper base level for the
video information. A fixed bias voltage is applied
through load r.<istors 2A1R25 and R26, for ft video or
mt video display, to output clamp 1A2A6A1CR11 and
the contacts of DISPLAY switch 2S3 Varying
INTENSITY control 2R6, with the DISPLAY switch
in either FT or MT, varies the intensity of the video
being displayed on the radar crt under test. The cut-
put from the clamp circuit is supplied to connector
1A2J1 for intensity modulation at the control grid cf
the radar crt when the latter is under test.

Table 2-1 Selectable Compressor Networks

ANTENNA RANGE

switch gswitch Active

position position comprer sur
RIGHT/LEFT 25 km Fixed only
RIGHT/LEFT 50 km (4%
BOTH 25 km
RIGHT/LEFT 100 km CR8
BOTH 50 km
BOTH 100 km CR8




2-33. Cathode Ray Tubing and Unblanking
(fig.[EQ-2)

Three operational inputs and one protective input are
supplied to diede AND gate 1AZA6A1CR12, CR13,
CR14, CR18. When any AND gate input is low, the
gate is inhibited to provide crt blanking. The protec-
tion signal inpat (waveform AD) is a sample of the
horizontal sweep cirezit. This signal is supplied to
cperational amplifier 1AZA6A1AR1 through bipolar
thresheld detector 1A2A6A1CR19, CR20. Since one
output of the detector is inverted and the other output
is not inverwed, amplifier 1A2A6A1AR1 develops a
anipolar output (waveform AE). This output is
supplied to switch 1A246A1Q9, holding this switch
off. If a failure occurs in the horizontal sweep circuit,
switch Q9 conducts to inhibit the diode AND gate and
to provide a return for the SWEEP FAULT 1dicator
lamp in the BITE circuit. The three inputs to the
AND gate are the sweep gate (waveform AC) and ft
enable gate (waveform Y) from the video simulator
and synchronizing circuit (fig. 2-3), and +20 vdc
through UNBLANK switch 1A2S6 The enable gate is
high during single artenna operation. Conseguently,
unblanking is controlled by the sweep gate. In the
both antenna mode, the enable gate inhibits the AND
gate after each antenna gate transition. This permits
unblanking to occur only during sweep gate intervals
when the enable gate is high. When al inputs to the
AND gate are high, switch IA2AB6AIQ10 conducts to
provide a ground for clamp IA2A6AIVRS3. This clamp
iis a +31 vdc breakdown diode supplied by +100 vdc
through OR gate I1A2A6AICR15, 16, When the
ground return is removed from the clamp, its output
rises toward +100 vdc, providing cutoff potential for
crt cathode. In the event of failure in the +/00 vdc
ssource, the diode OR gate supplied +28 vdc to main-
tain a safe cathode bias potentia for the crt. Genera
tion of unblank signas is prevented when UNBLANK
switch 1A286 i3 in the OFF position.

2-34. Cathode Ray Tube Regulator and Focus

Circuit

Static and dynamic focusing is required to maintain
the spot on the crt face at a fixed shape and size
[Paragraphs 2-35 land 2-36 describe these circuits.

2-35. Static Focusing

(fig. [FO-2)
Static focus is accomplished by a potentiometer that
controls a focus module within the high voltage power
supply in the RO-495/U

2-36. Dynamic Focus
(fig. [EO-=2)

Horizontal and vertical unipolarized sweep signals
(waveforms S and Q) from the sweep circuits are
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supplied to a squaring circuit consisting of a non-

linear network and amplifier 244A1AR9 in a closed

loop. The transfer functicn of this circuit is

equal to the sum of the squares of its inputs or
(Eq inp + (Eg in)?

E out =
11.47
2-37. Groundspeed/Drift Angle Servo L oop.
(fig. [EG=3)

The groundgpeed/drift angle servo loop consists of a
servoamplifier. stepper motor 2Bl, two gear trains,
synchro control transformer 1A2B1, synchro control
transmitter 2B2, NAVIGATION switch 256, a NAV
SIM control, and a GS/DFT control. The stator of
control transmitter 2B2 develops 3-wire information
that represents the angular displacement of its rotor
with respect to a zero reference point (zero degrees
drift angle). Excitation for 2B2 is 26 vac 400 Hz. The
S-wire information is supplied to the stator of syn-
chro control transformer 1A2BI through contacts of
relay 1A2K6. The rotor of IA2BI is either in a pos-
tion of minimum inductive coupling (null) with the
magnetic vector produced in its stator or displaced
from null. When an error signal is induced in the
rotor, it rotates away from the null position. The
amplitude of the error signal is proportional to cosine
0, when 0 is the angular displacement of the rotor
with respect to the magnetic vector. Any error signa
output of IA2BI is fed through switch 2A5A3Q7, Q8
to buffer 2A5A3AR5 via contacts of relay 1A2K5
(restored). The error signal is either in-phase or out-
of-phase with respect to the excitation voltage for
2B2, Consequently the error signd has a polarity as
well as a magnitude characteristic. Switch 2A5A3Q5,
amplifier 2A5A3Q6, and switch 2A5A3Q7, Q8 form a
synchronous phase detector. The output of the detec-
tor is supplied to integrator 2A5A3AR6 through
buffer 2A5A3AR5 (waveform B). Integrator
2A5A3ARS6, positive and negative level detectors
2A5A3AR8, AR7; monostable multivibrator
2A5A2U8A, U12B, US8B; inverter 2A5A2U7C; and
switch 2A5A3Q9-Qll form a variable prf generator.
The integrator develops a positive or negative ramp
output (waveform C) until the threshold of the
applicable level detector is exceeded. Exceeding either
threshold toggles multivibrator 2A5A2U8A, U12B,
U8B which causes a negative transition to pass
through inverter 2A5A2U7C to turn on switch
2A5A3Q9, Q10, QIl, which clamps the integrator in-
put a ground This terminates the ramp, alowing the
level detector output to return high (waveform D). As
the error signal amplitude increases or decreases, the
slope of the ramp voltage increases or decreases and,
therefore, the time required to exceed the threshold
level decreases or increases. Assume the error
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produces a series of negative ramp signals (waveform
C), a train of negative pulses appears at the output of
negative level detector 2A5A3ARS, causing a high
level to be present at the output of cross-coupled gate
U9A and a low-level at the output of cross-coupled
gate U9B. These levels will remain until the error
signal passes null and positive ramps are developed.
During negative ramps the Q outputs of bistable mul-
tivibrators 2A5A2U11A and UIIB control their steer-
ing inputs through comparators 2A5A2U9 and U10.
During positive ramps the bistable multivibrators in-
puts are controlled by the bistable multivibrator Q
outputs. Since the output of one bistable mul-
tivibrator controls the steering inputs to the other,
the sequencing of their outputs are shown in
waveforms G and H for a condition when the ramp
signal passes through null from negative to positive
ramps. Each comparator develops complementary
output signals that are used as steering gates for the
multivibrators. Toggling of the bistable mul-
tivibrators is accomplished by the signal from delay
inverter 2A5A2U12A, U12C, U12D. This output is
similar to the switch trigger (waveform F), except for
a polarity reversal and a dight delay to prevent fase
triggering of the multivibrators. Waveforms G and
H, and their complements, are supplied to drivers
2A5A2Q15-Q18 through inverters 2A5A2U7A, U7D,
U7E, and U7F. Each driver provides a ground return
for one winding of stepper motor 2Bl to enable that
winding when the driver is on. At the occurrence of
pulses from switch 2A5A2Q13, Q14, the enabled
drivers conduct and supply drive current for two of
the stepper motor windings causing the motor to
rotate 45°. Waveform | through L illustrate the se-
guence in which the windings are activated, with
brackets to indicate the change of sequence after
passing through an error null. When a servo error ex-
ists, the error is coupled through amplifier 2A5AIQ7
and switch 2A5AI1Q3, Q4 and Q5, as a servo fault to
the BITE circuit [(para_2-42).

2-38. Indicating System Low Voltage Power
Supplies (Modules 1A1A3, A4)

The indicating system low voltage power supplies
provide power for the test set group indicating system
circuits. Power transformer [AIT1 accepts the 3-
phase input and converts it into six 3-phase outputs.
Each of these outputs is rectified by a 3-phase bridge
rectifier and supplied to a regulator circuit. One
regulator circuit contains two shunt regulators while
the remaining circuits contain series regulators.
Since the operation of the series regulators is similar,
only the -28 vdc regulator is discussed.

a Minus 28-Volt DC Regulator. The unregulated
output from 3-phase rectifier IAIA3AICR19 through
CR24 is filtered and supplied to series regulator
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IAIA3QI. A sample of the regulated output is taken
from a voltage adjustment potentiometer and com-
pared with Zener diode reference voltage in differen-
tial error amplifier 1AIA4AIQ3, Q2. The error signa
is returned as control voltage to series regulator
IAIA3QI. Any change in the -28 vdc regulated out-
put produces an error input for series regulator
IAIA3QI which compensates for the change.
Although operation of the other series regulators is
similar, it differs in that they do not have individua
voltage adjustment potentiometers. Also, their
regulated outputs are summed with the -28 vdc
regulated level and compared with a ground
reference. The plus and minus 15 vdc regulators use
the regulated plus and minus 20 vdc as an input
source.

b. Shunt Regulators. The output of bridge rectifier
IAIA3AICR13 through CR18 supplied two shunt
regulator circuits. One circuit (IA1A3VR1, VR2) is a
simple Zener diode regulator that provides +250 vdc
for the dynamic focus circuit. The other shunt
regulator provides +640 vdc for Recorder-Proeessor-
Viewer, Radar Mapping RO-495/U. In this cireuit an
error signa is developed by comparing a sample of
the regulated +531 vdc with the output of the -28 vdc
regulator. The error signal controls shunt regulator
IAIA4A204, 1AIA30Q8 which compensates for output
voltage variations.

2-39. Low Voltage Power Supplies (Medule
1A2A3)

(fig2-5)

The power supplies on module IA2A3 supply power to
monitoring and signal generating circuits in the test
set group. Power transformer |A2T2 accepts the 3-
phase input and converts it into three 3-phase out-
puts. Each of these outputs is rectified by a 3-phase
rectifier and supplied to a regulator circuit. The un-
regulated output of 3-phase rectifier
IA2A3CRI-CR6 is filtered and supplied to series
regulator |1A2A3Q9. A sample of regulated output is
applied to error amplifier IA2A3Q7, Q8, and Q10
where it is compared with a Zener diode reference
voltage. Any change in the regulated +28 vdc output
produces an error signal which is amplified in the
error amplifier. The error amplifier produces an out-
put that causes the regulator to increase or decrease
conduction to null the error. The error amplifier aso
contains short circuit switching (Q11) that turns off
the regulator in the event of a short circuit at its out-
put. Operation of the -5 vdc and +20 vdc regulators is
similar, except that regulators I1A2A3AR1, AR2
operate both as regulators and error amplifiers.
Switch 1A2A3Q12 and Q13 function as short circuit
protectors Regulator IA2A3ARI is referenced to
regulated +28 vdc The -5 vdc regulator performs in
a similar manner, except that it uses differential
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Figure 2-5. Low voltage power supply and regulator 1A2A3, block diagram

amplifier I1A2A3Q6 as the input to its error sensing
circuit and is referenced to regulated -5 vdc. Switch
IA2A3Q4 provides the short circuit, protection.
2-40. Overvoltage Protection Circuit
(fig. 2-6)

The overvoltage protection circuits for the 115-volt,
400 Hz, 3-phase supply consist of identica circuits for
each of the three phases A, B and C. The following
circuit analysis refers to phase-A circuitry by
reference designation. When phase-A peak input
voltage remains below approximately 200 vac, al
switching componenta remain in their normally off
state. When the positive excursions of phase-A peak
input voltage rise above 200 vac, Zener diode
IA2A5VRI conducts through CR1 (positive over-
voltage sensor). Any overvoltage appears across
voltage divider Rl and R2, causing switch driver QI

2-12

to supply the trigger potentia at the gate of SCRQ2
(positive excursion grounding switch). With Q2
turned on, the positive excursion of phase-A Es effec-
tively grounded. Near the end of the positive excur-
sion, Q2 turns off and remains off until the occur-
rence of another overvoltage positive excursion.
Capacitor Cl provides transient filtering to reduce
the possibilisy Of Q2 being triggered during other
than overvoltage conditions. The negative excursion
grounding circuit (SCRQ5) functions in the same
manner, except for the opposite polarities involved
and the addition of inverter IA2A5Q3 and Zener
diode VR3 (threshold clamp). Q3 inverts the negative
line excursions to provide a positive voltage for the
base of switch driver Q4. Zener diode VR3 is used to
increase trigg € Stability at Q5 (negative excursion
grounding switch).

i
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Figure 2-6. Overvoltage protection circuit 12A2A5, block diagram

2-41. Direct Current Amplifiers
(fig. 2-7)

Two identical amplifiers are used to provide drive
current for the ft and mt deflection yoke loads. Exter-
nal wiring permits the amplifiers to operate as invert-
ing or noninverting amplifiers. An inverted output
(2A3) is used to supply ft or mt vertical deflection
yoke loads while a noninverting output (2A2) is used
to supply ft or mt horizontal deflection yoke loads.
The horizontal sweep signal from summing amplifier
2A4A2AR12 (fig. FQ-2) feeds dc amplifier 2A2 and
the vertical sweep signal from summing amplifier
2A4A2AR11 (fig. [FO-2) feeds dc amplifier 2A3. The
amplifiers draw current from the +20 vdc supply and
the -20 vdc supply. The dc amplifiers produce deflec-
tion yoke currents that retain the waveshape of the
sweep signal input voltage. In amplifier 2A2 differ-
ential amplifier A1Ql receives an offset

voltage from centering potentiometer R9. Differential
amplifier signal input is derived from the sweep
signa and a feedback current sample from the deflec-
tion yoke load. The output of the differentia ampli-
fier is a voltage having a waveshape that will produce
a yoke load current with the same shape as the sweep
signa input. The output of the differential amplifier
is inverted by A1Q2 and applied to complementary
compound connected emitter followers Q3/AIQ7 and
Q5/A1QS. The outputs of these emitter followers are
supplied to complementary yoke drivers Q4 and Q6.
The yoke drivers have common emitters with the
deflection yoke load in the emitter circuit. Operation
of dc amplifier 2A3 is essentidly the same as 2A2
except that the sweep signal is supplied to the invert-
ing input of the amplifier and the feedback signal
is combined with the offset voltage.

2-13
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Figure 2-7. Direct current amplifiers 2A2/2A3, block diagram.

2-42. BITE Circuit
(fig.—2-8)

The BITE circuit consists of two mgor circuits;, the
primary fault detection circuit detects abnormally
high or low voltages that may exist in the sweep
waveforms (waveforms H and W, fig. [EQ-2), or in
the video and unblank outputs of the video amplifier
(fig—2-3). Detected abnormalities in any of these
waveforms cause FAILURE lamp IA2DS2 to turn on.
The primary fault detection circuit is intended for use
only during single antenna operation. Consequently
normal as well as abnormal inputs are sensed as
faults during both antenna operations. The fault
isolation circuit functions on a go-no-go basis to in-
dicate a malfunction in the sweep circuit, ser-
voamplifier circuit, or the crt focus and regulator cir-

2-14

[Paragraph 2-43]discusses the primary fault
detection circuit, and_paragraph 2-44, the fault isola-

tion circuit.
2-43. Primary Fault Detection Circuit

o
O Ol)

The primary fault detection circuit is enabled when
BITE switch IA2S7 is positioned to ON. Because each
of the four input circuits are similar, only the
horizontal sweep input circuit is discussed. Horizon-
tal sweep (waveform Il, fig. [FO-2) is applied to dua
differential comparator 1A2A4AR2 through closed
loop operational amplifier IA2A4ARI [fig. 2-8). The
comparator functions as a digital device whose output
is normally low. If the peak-to-peak limits of the
horizontal sweep waveform exceed the high or low
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Figure 2-8. BITE circuit, block diagram

limits established by dc reference levels, the com-
parator output switches state from low to high. Dur-
ing norma input conditions, all comparator outputs
are low and switch 1A2A4QI is off. However, a any
time one or more comparators changes state, switch
IA2A4QI is turned on, which causes FAILURE lamp
1A2D52 to turn on. Therefore, all input waveforms
must be within their required voltage envelopes to
hold the FAILURE lamp off.

2-44. Fault Isolation Circuit

(fig.2-8)

Astable multivibrator 2A7A2Q1, Q2 generates an
asymmetrical rectangular pulse train that con-
tinuously toggles switch driver 2A7A2Q3 on and off.
In the absence of normal sweep, servo, or high voltage
BITE inputs, switch driver 2A7A2Q3 toggles switches
2A1Q17, Q8, @9 through a control diode located at each
switch input. When enabled, the toggled switches
cause the SERVO FAULT, INDICATOR FAULT and

SWEEP FAULT lamps to flash on and off in step
with the astable multivibrator to indicate malfunc-
tion. However, with norma input, a control diode is
turned off, isolating the affected switch from the
switch driver, thereby turning off the related in-
dicator lamp. The normal sweep input is supplied to
the BITE circuit as a positive dc level. The servo fault
signd is a variable prf pulse train (same as waveform
F, fig.[FQ-3). The signa is inverted and filtered by
amplifier 2A5A1Q7 to become a dc level that varies as
a function of the pulse train prf. This dc signd is com-
pared with a threshold level established by switch
2A5AI1Q3, Q4, Q5. When the threshold is exceeded,
the switch output is supplied to swtich 2A1Q7 as the
enabling signa for the SERVO FAULT indicator. The
INDICATOR FAULT signal in the OQ-63A is pulled
to +20 vdc through IAIR4 which disables switch
2A1Q8. When checking the RO-495/U and there is an
indicator fault (high voltage power supply failure),
the indicator fault signal alows switch 2AIQ8 to be

2-15
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toggled by the astable multivibrator. PANEL
LIGHTS TEST switch 2S10 permits indicator lamps
2DS through 2DS3 to be checked for operation.

2-45. +28-Volt Regulated Power Supply and
High Voltage Loads

Anode and focus voltages are divided down for
measurement purposes in the networks associated
with unity gain isolation amplifier Ul and U2. Rec-
tifiers CR1 tbrough CR4 receive 43 vac and output
+28 vdc unregulated. The unregulated voltage is
routed through inductor LI, in the 1Al panel
assembly, and routed back to be regulated by QI, Q2,
VRI, and Q3.

2-46 +26-Volt DC Power Supply

The +26-volt power supply is a dc-to-dc supply that is
sealed and non-repairable. Its input is +28 volts un-
regulated from the 1Al panel assembly. Its output is
used to test the high voltage power supply in the
RO-495/U.

2-47. ADAS Simulator
(fig._2-10)

The ADAS simulator provides signals to exercise the
ADAS printed circuitry of Recorder-Processor<
Viewer, Radar Mapping RO-495/U. The simulator
contains a programable read only memory which is
programmed with BCD data equivaent to a complete
ADAS data block. The smulator is started by a data
demand pulse that originates in the RO-495/U. This
pulse enables the clock generator. The clock pulses
through a series of counters and decoders, control the
reading of ADAS data from a series of counters and
decoders, control the reading of ADAS data from a
programable read only memory (PROM). The PROM
outputs are routed through a data selector and a level
shifter to provide unblanking signals for the
RO-495/U. Vertical deflection signals are provided
by a clock multivibrator and a deflection clock
generator.

ANODE
- VOLTAGE
| V/10KV AT 10 A
ANODE vi
VOLTAGE
UNFLTERED [ ¢ +20V FILTERED
+20V
FILTER
NFLTERED | WFTwoR | 20V LTERED ><
-2V
1
FOCUS
VOLTAGE - W
FOCUS
L VOLTAGE
275127
+28 VOLTS
UNREGULATED AT 50 uA
b | ;
BVAC RECTIFIER th "J;"‘é'{}f,?g
CR1-CR4 “I'assy | | REGULATOR
— VR1

A

REGULATOR} . +28V
EGUm REGULATED

5 VOLT
REGULATOR f———e= +5V

VR7

EL3AGO44

Figure 2-9. Regulated +28-volt power supply and high voltage loads, block diagram
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Figure 2-10. ADAS simulator circuit, block diagram

2-48. Monitor Adapter Input Simulator . .
(fig_2=10) synchronized by a 13-khz clock. Binary counter count

logic is used for gates decoding, in the generation of
The monitor adapter input simulator provides signals the ECCM video and the ECCM deflection signals.
to simulate system inputs to Recorder-Processor- The count logic is also used to control the duration of
Viewer, Radar Mapping RO-495/U. Circuit timing is a ramp voltage required for the generation of the
controlled by a 4-flip flop binary counter, which is ECCM deflection signdl.
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Figure 2-11. Monitor adapter input simulator, block diagram.

Section Ill. VIDEO SIMULATOR AND SYNCHRONIZING CIRCUITS,
CIRCUIT ANALYSIS

2-49. General

Paragraphs 2-18 through 2-48 describe the
functional operation of the test set group on a block

dim level. This section covers the circuit analysis
of stages in the video simulator and synchronizing
circuits.

2-50. Video Simulator and

Circuit
[Paragraph 2-16 | describes the functional operation,
on a block diagram level, of the video simulator and
synchronizing circuit.[ Paragraphs 2-511 through
2-60 provide detailed anadysis of stage functioning in
this circuit. Circuits covered are as follows: 5-MHz os-
cillator, 750-Hz prf clocked counter, 750-Hz prf
generation, reset pulse generation, test video genera-
tion, sweep gate generation, yoke clamp gate genera-
tion, antenna counter, ft enable, and mt enable cir-
cuits.

2-51. Five-MIHz Oscillator
(fig. EQ-I5] and 2-12)

The basic time reference for the video simulator and
synchronizer circuit is the 5-MHz oscillator consisting
of amplifiers |A2AIU26A, U26C and 5-MHz crystal
YI (fig[FO-I5). Amplifiers U26A, U26C are dua in-
put NAND gates that function together as cascaded
inverting square wave amplifiers. Regenerative feed-
back is peaked a 5 MHz by crystal YI. Local negative
feedback through resistor R2 stabilizes amplifier
U26C. Local negative feedback through resistor R1
stabilizes amplifier U26A. Buffer U25A is a power
NAND gate that provides load isolation. The 5-MHz
square wave output of buffer U25A is supplied as the
clock signal to a 13-stage counter chain. Buffer U25B
provides additional load isolation and restoration of
logic level for application to a line driver consisting of

Synchronizing

2-18

transistor driver 1A2A4Q6 [(fig. ]FO-18) and com-
plementary emitter follower output stage |A2A4Q7,
Q8. Capacitor IA2A4C28 improves |A2A4Q6
switching time by shunting clock pulse transitions
directly to the base of Q6 for rapid charge and dis-
charge of base-emitter capacitance. Diodes
IA2A4CRI1, CR12 provide collector-base saturation
clamping for improved turn off time of Q6. Ad-
ditionally, diode CR11 provides required offset for
stable turn off of Q6. Complementary emitter
followers |1A2A4Q7, Q8 improve output waveshape by
providing symmetrical charge and discharge circuits
for load capacitance. Resistor |IA2A4R71 provides
short circuit protection and resistor |A2A4R72
provides termination for coaxial transmission. Low-
pass filters IA2A4L 1, C33 and L2, C34 decouple high
frequencies from the -5 vdc and +5 vdc supplies,
respectively.

2-52. 750-Hz Prf Clocked Counter

(fig. [EQ-15 and 2-12)
The 750-HZ prf utilized in the synchronizing circuit
portion of the video smulator and synchronizer cir-
cuit is derived from the 5--MHz clock signa by a 13-
stage clocked counter chain and associated logic cir-
cuitry. The binary elements of the clocked counter
chain are dc clocked J-K flip-flops IA2AIU7, Ul
through U6, U10 through U12, and U16 thraagh U18.
pulse. Clock pulses are applied to thetoggle (T) in-
puts. The dual JK logic inputs J, J2 and Kl, K2 are
enabled by logica “1” (2.6 vdc minimum). Therefore,
unused J-K inputs are connected to +5 vdc.
Complementary inputs J, K are enabled by logica “0"
(0.40 vdc maximum). Therefore, unused complemen-
tary inputs are grounded. Set (S) and reset(R) inputs
are activated by logical “0". Because al set inputs are
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Figure 2-12. Timing diagram for Hz prf clocked counter (sheet 1 of 2)
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Figure 2-12. Timing diagram for 750 Hz prf clocked counter (sheet 2 of 2)
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ﬁmr the binary elements is given below.
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The truth table above demonstrates that a toggle wc-
curs only when all logic inputs are enabled and the set
and reset inputs are not activated. The timing
diagram for the 750-Hz prf clocked counter is shown
in figure 2-12, waveforms A through W. Stable
switching requires that logic levels are stable for a
nanosecond period prios to and following clock pulse
threchold voltage. Because the time scale of the tim-
ing diagram does not permit the illustration of such a
short period, toggling will appear to occur, in many
instances, during a logic level transition. Consequent-
ly it should be understood that phase separation ex-
ists between clock pulse transition {leading) and logic
input transition {lagging) owing {o prepagation and
parasitic delays.

2-53. 750-Hz Prf Generation
(fig. [EQ-19 and 2-12)

Each of the 13 stages of the clocked counter chain per-
forms the divide-by-two function to provide the sub-
multiples required for prf generation. NAND gate
IA2AIU24A adds the Q output of flip-flops U12, U17,
and U18 to generate a clock counter reset trigger
pulse that occurs at the desired prf rate. The Q output
of U12 is supplied to NAND gate U24A through exter-
nally connected pins J and W of IA2Al socket. The
clock pulse is aso supplied to U24A and to R-S flip
flop U22 co establish reset pulse width. Assume that
al stages of the counter are in the reset state (reset
input is logic “0” or low, Q is logic “0” or low). The
first positive transition of the clock pulse (waveform
A,[fig. 2-19) toggles flip-flop IA2AIU7 (fig.[FO-15)
whose logic inputs are connected to enable levels
(ground or +5 vdc). The Q output of flip-flop U7
(waveform B inverted) enables the JK inputs of flip
flop Ul. With al logic inputs of flip-flop Ul enables,
this stage toggles on the positive transition of the
clock pulse (waveform C). In a similar manner each of
the counter stages tog8les on the first positive transi-
tion of the clock pulse to occur after enabling of logic
inputs. The JK inputs of flip-flops U4 through U6
are enabled by adding the Q outputs of flip-flops U7,
Ul, U2 and U3. This function is performed by NAND
gate U13A (waveform F) NAND gate U8 adds the Q

TM 11-6625-1833-30

outputs {waveform L) of all stages preceding flip-flop
U10 o provide J-K enable inputs for stages UI0
through U12. NAND gate Ul4B, in -onjunction with
NAND gates U8, U21 adds the outputs (waveform T)
of all stages preceding flip-flop U16 to provide J-K
enable inputs for stages U16 through U18.
2-54. Reset Pulse Generation
(fig.CFO-15)

NAND gate 1A2A1U24A adda the Q outputs of stages
U12, U17, U18 and the inverted clock pulse output of
NAND gate inverter U23B to pruvide the counter
reset trigger pulse (waveform X, fig. 2—-12). Because
the narrowest pulse input to U24A is the clock pulse
input, the output pulse width of U24A cannot exceed
0.1us. The leading edge of this pulse occurs after the
counter has counted 6656 clock pulses. This count is
determined as follows. If the counter chain were not
reset, it would perform the divide-by-8192 (2'%) func-
tion. That is, flip-flop U18 would complete one cycle
for each 8192 clock pulses. However, the Q output of
flip-flop U18 goes high at the end of (2'?). Further, the
Q outputs of flip-flops U17 and U12 go high at counts
2048 (2'') and 512 (2%, respectively, following count
4096 of flip-flop U18. Consequently, at count 6656 (2'2
+ 21 + 29), NAND gate U24A is enabled by the in-
verted clock pulse supplied from NAND gate inverter
U23B. This pulse supplied through cross coupled
NAND gates (R-S flip-flop) U22A, U22B to provide
the 0.1us reset pulse (waveform X). This pulse resets
al stages of the counter chain. Waveform W shows
that the output of flip-flop U18 is not symmetrical.
This is because of the occurrence of reset at a count
that is not a binary power. Similarly, the waveforms
of dl stages whose count is not an even submultiple of
count 6656 (waveforms S, U, V) are affected by reset.
The prf of the reset pulse is the clock prf divided by
the clock count at reset, or:

Reset prf = 5 (108)/6656 = 751.17
Therefore, the clock counter chain provides the
desired nomina prf of 750. R-S flip-flop U22 ensures
stable reset of all counter stages by providing a reset
pulse whose width (approximately 50 to 100
nanoseconds) is independent of the width of the
trigger pulse supplied by U24A. Assume that the out-
put level of U24A is high, which is the condition ex-
isting between reset periods. The first clock pulse to
appear at the input of U22A is ineffective if the out-
put level of U22A is high (set state). If the output
level of U22A is low (reset state), the trailing edge
(negative transition) of the first clock pulse sets the
R-S flip-flop. Subsequent clock pulses are therefore
ineffective. When the reset pulse trigger occurs at the
output of U24A, a clock pulse is present at the input
of U22A and the R-S flip-flop is reset. The output
level at U22A remains low for the duration of the
clock pulse at its input, irrespective of the output
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level at U24A. The R—8 flip-flop is set at the negative
transition of the elock pulse.
2-55. Test Video Generation

(fig.[FO-18 and 2-12)

NAND gate 1A2A1U15B adds the Q outputs of flip-
flops U16 through Ui8 (waveforms U, V, W inverted)
and the Q output of flip-flop U12 to obtain a 102.4us
pulse (waveform Y, fig. 2—12). Pulse width is es-
tablished by the Q output of flip-flop Ul2 (0.2 (21)
#8 = 102.4us8). Pulse timing with respect to reset
(waveform X) is established by the § outputs of U18
and U16. The pulse output of U15B is supplied to the
line driver consisting of Q14, Q15. Diode CR5 provides
offset for turn off of driver Q14. The base of emitter
follower Q15 is connected to ground through external
%EO AMPLITUDE variahble resistor 1A2R19 (fig.
—14).

2-56. Sweep Gate Generation
(fig.[EQ-15]and 2-12)

NAND gate 1A2A1U9 adds the Q outputs of flip-flops
U: through U6, U10, U1l (waveforms C,D,E, G, H, J,
K, M, P inverted, fig. 2—12) to provide the negative-
going 0.4us wide pulse output shown by waveform Z.
The leading edge of these pulses is time coincident
with the Q output of flip-flop U1l (waveform R). The
output of U9 is supplied to NAND gate U21A through
NOR gate inverter U19A as positive pulses. The out-
put of NAND gate U15B i= supplied to NAND gate
U21A as positive pulses through NOR gate inverter
U20A. NAND gate U21A adds the inverted outputs of
U9 and U15B to provide the negative 0.4us wide
pulses shown at waveform A A. The output of U21A is
supplied to R-S flip-flop U21B, U21C. NOR gate
U208 slso supplies an input to U21B, U21C. The out-
put of U20B is a function of the setting of RANGE
switch 2S8C (fig. FO—21). Plus 20 vdc is supplied,
through RANGE switch 2S8C, to pin 1A2A1-3 (25
kilometers), pin 1A2A1-D (50 kilometers) or pin
1A2A1-E (100 kilometers). With RANGE switch 2S8
set to 25, switch 1A2A1Q1 (fig. FO—15) turns on to
provide an enable level for NCR gate 1A2A1U19D.
Similarly, NOR gates U19C or U19B are enabled
when RANGE switch 258 is set to 50 or 100, respec-
tively. Capacitors C2, C3, or C4 reduce input switch
transients. With NOR gate U19D enabled, NAND
gate U138 adds the Q output of flip-flops U3, Us,
Ul1, and U16 (waveforms E, K, P, U) to provide the
output waveform shown by waveform AB. Each
pulse of each pulse pair shown in waveform AB is ac-
tually a pulse cluster containing 1.6¢s wide pulses es-
tablished by the Q output of flip-flop U3. The time
scale of the timing diagram does not perimt the prac-
tical illustration of these 1.6ps wide pulses with
respect to the times relating to the remaining inputs
to NAND gate U13B. The significance of these pulses
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i their time relationship to the input to R-8 flip-flop
U21C, U21B supplied by NAND gate U214
(waveform AA). At the leading edge of the first 1 6ps
wide pulse in waveform AB, R-S flip-flop U21C,
U21B is set (U21C output is high). Further pulses in
waveform AB are ineffective with the R-S flin-flop
set. At the occurrence of the first negative pulse in
waveform AA, the R—S flip-flop is reset as shown in
waveform AF. The R-S flip-flop remains reset until
the occurrence of the next 1.6us wide pulse of
waveform AB at which time it is set. Further pulses
in waveform AB are ineffective with the R—S flip-
flop set. With RANGE switch 288 (fig. FO—21) set to
50, NOR gate 1A2A1U19C (fig. FO-15) is enables
(NOR gates U19D, U19B are inhibited). NAND gate
Ul4A adds the Q output of flip-flops U3, U10, U17
(waveforms E, M, V) to provide the resulting
waveforms AC (simplified) and AF. When RANGE
switch 288 (fig. FO-21) is set to 100, NOR gate
1A2A1U19B (fig. FO-15) is enabled (NOR gates
U19D, U18C are inhibited). NAND gate U15A adds
the Q outputs of flip-flops Ull, U12, Uie6, U17
(waveforms P, S, U, V) to provide the resulting
waveforms AD, AG. The output of U21C is supplied
to line driver Q7, Q8, Q9. Diode CR2 provides required
offset. Comiplementary emitter followers Q8, Q9
reduce pulse stretching induced by load capacitance.
Resistor R19 inhibits oscillation of Q3, Q9. Resistor
R21 provides short circuit protection. The output of
U21B (waveform AE, AF, AG, inverted) is supplied to
the antenna counter circuit [(para_2-58).

2-57. Yoke ClampGate Generation
(fig.[FO-18 and 2-12)

R-S flip-flop 1A2A1U23D, U23C is set (U23D output
is high) by the first negative transition to appear at
the output of NAND gate inverter U23A (same as
waveform X). The set transition of the R-S flip-flop
is shown in waveforms AH, AJ, AK. The next
negative transition to appear at the output of NOR
gate U20B (waveform AB, AC, or AD) causes the
R-S flip-flop reset (waveforms AH, AJ, AK). The
pulse output of the R-S flip-flop is supplied to line
driver Q4, Q5, Q6 whose operation is identical to that
for line driver Q7, Q8, Q9 [(para 2-56). The yoke
clamp gate is connected externally through pine U
and 20.

2-58. Antenna Counter
(fig[FO-16 and 2-12)

The antenna counter divides the prf of the sweepgate
to obtain the synchronized 5.9-Hz square wave
antenna gate. Counting is performed by J-K flip-
flops IA2A2U4, U5, U9A, and U10, which provide the
divide-by-128 function. Consequently, the 751.17 prf
of the sweep gate is counted down to the 5.9 Hz




(151.17/2 satenna gate {requency. The flip-flops in
the antenna counter toggle at the negative transition
of the toggle input. The reset input (R) is inhibited
and the J-K inputs are enabled by connection to +5
vde. The Q outputs of the counter stages are shown in
waveforms AM through AU. Counter stages USB and
U8 are not used. NAND gate U1A is inhibited by the
grounding of pin 14242~V The Q output of flip-flop
USA is supplied to NAND gate UTD. An inhibit or
enabie leve! is supplied to UTD by switch Q1 depend-
ing upon the position of ANTENNA switch 2S9C
(fig. FO-21). With the ANTENNA switch set to
LEFT, switch Q1 (fig. FO—186) turns on to supply an
inhibit level to NAND gate U7TD. With the
ANTENNA switch set to BOTH or RIGHT, Q1 turns
off to supply an enable level to UTD. Similarly,
NAND gate U7A is inhibited or enabled by switch Q2
as a function of ANTENNA switch position. Conse-
quently the Q output of flip-flop U9A is gated
through U7D, U7A only when the ANTENNA switch
is in BOTH position. In ANTENNA switch LEFT
position, UTA provides a low output. In ANTENNA
switch RIGHT position, U7A is inhibited to supply a
high output. The output of U7A is supplied to line
driver Q10, Q11, Q12 which functions in the same
manner as line driver 1A2A1Q7, Q8, Q9 (para 2-56).
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2-59. Ft. Enable
(fig.[FO-18 and 2-12)

NAND gate 1A2A2U2 adds the Q outputs of flip-flops
of U10B, U5A, U5B, U4B, U4A, enable outpats of Q1,
Q2 (ANTENNA switch in BOTH pesition), and an
enable output supplied by NAND gate U1D to provide
the ft enable signal (waveform AV inverted). The out-
put of U2 is inverted by NAND gate U6A, which is
enabled by the inhibit output of NAND gate Ul A. The
output of U6A is supplied to line driver Q13, Q14, Q15
which functions in the same manner as line driver
1A2A1Q1, Q8, Q9 (para 2—56).

2-60. Mt Enable

(fig. [FO-16 and 2-12)

NAND gate IA2A2UIC adds the Q output at flip-
flops USA and U5B to provide waveform AW. NAND
gate U1B adds the output of U1C and the Q output of
flip-flop U4B to provide waveform AX. NAND gate
U6B adds the enable outputs of @1 and Q2
(ANTENNA switch in BOTH position), the Q output
of flip-flop U4A, and the output of UIB to provide the
mt enable signal (waveform AY). This signal i8 in-
verted by NAND gate U7C and supplied to line driver
Q3, Q4, Q5. This line driver functions in the same
manner as line driver IA2AIQ7, Q8, Q9 [para 2-56).

Section IV. HORIZONTAL AND VERTICAL SWEEP CIRCUITS,
CIRCUIT ANALYSIS

2-61. General

The horizontal sweep circuits are shown on figure
FO-2 and discussed functionally, on a block diagram
level, in paragraphs 2—21 through 2—-26. Paragraphs
2—-62 through 2—-65 describe the detail functions of
the stages in this circuitry. Circuits discussed are as
follows: sweep generation, cubing amplifier, negative
sweep detector 2A4A1AR5 and unipolarizer A1ART,
and direct current amplifier 2A2. Vertical sweep cir-
cuits are shown on figure FO-2 and discussed func-
tionally, on a block diagram level, in paragraphs 2—28
through 2-3!. Paragraphs 2-67 through 2-72
describe the detail functions of the stuges in this cir-
cuitry. Circuits discussed are as follows: sweep
generation, negative sweep detector 2A4A2AR2 and
unipolarizer A2AR4, logarithmic amplifier
2A4A2AR5 and A2AR7, threshold summing
amplifier 2A4A2AR8 and antilogarithm amplifier
A2AR10, vertical output switching, and direct
current amplifier 2A3.

2-62. Sweep Generation
(fig.(FO-22)
Horizontal sweep generator 2A4AIAR2 is gates on by

a positive sweep gate signad from the video simulator
and synchronizing circuit (fig. 2-3]. When gated, the

sweep generator provides a linear ramp output signal
that is supplied to stunning amplifier AIARA4.

a. Sweep Gate Switches 2A4AIQ3, Q4. The sweep
gate signal is capacitively coupled to switch driver
2A4A1Q1, inverted, and used to control two n-channel
field effect transistor (fet) switches. Prior to the
application of the sweep gate signal, switches AIQ3
and Q4 conduct to hold charging capacitor A1C7 near
ground potential. Two switch networks are used since
the conducting resistance of these switches is ap-
proximately 150 ohms. The cosine O signal, from the
horizontal range selection circuit, is divided by 33 in
voltage divider network AIR14, Q3 and then applied
to voltage divider network R15, Q4 where it is again
divided by 33. Thus, the input to sweep generator
AR2 is effectively clamped at ground. During the in-
terval of the sweep gate, switches AIQ3 and Q4 are
cut off, alowing sweep generator AIAR2 to develop
its output.

b. Sweep Generator 2A4AIR2 Sweep generator
2A4AIAR2 is a hybrid module, operationa amplifier
connected as a bootstrap ramp generator that
develops positive and negative output signals depend-
ing upon the polarity of the cosine O input signal.
When switches AIQ3 and Q4 open, charging capacitor
AIC7 charges toward the cosine O value through

2-23




TM 11-6625-1833-30

resistors A1R14, R15. Since sweep generator A1AR2
maintains 2 voltage null between its inputs, it
develops an output with an amplitude that is twice
that of the voltage appearing across the charging
capacitor. This voltage is divided in half by feedback
voltage divider A1R16, R19 and also returned to the
charging capacitor through bootstrap resistor A1R17.
As the exponentizl charging current through
resistors A1R14, R15 and capacitor A1C7 decreases,
the bootstrap current through resistor A1R17 and
capacitor A1C7 increases, causing a constant current
to flow through the charging capacitor. With a con-
stant current flowing through the capacitor, a linear
ramp voltage appears across the capacitor and
produces a linear ramp voltage of twice the amplitude
at the output of sweep generator A1AR2.

c¢. Summing Amplifier 2A4A1AR, Operation.
Summing amplifier 2A4A1AR4 is a hybrid module,
operationai amplifier that combines an offset signal
with the output of sweep generator A1AR2. The
offset voltage is supplied to summing amplifier
A1ARA4 through switch A1Q5 upon application of the
positive-going yoke clamp signal. This switch is a p-
channel fet that is driven into conduction by the in-
verted yoke clamp signal from switch driver A1Q2.
Depending upon the position of ANTENNA switch
289 and RANGE switch 2S8, a variable horizontal
offset voltage is supplied from voltage divider
2ATR7-R14 (fiz. FO-27). When the ANTENNA
switch is set to BOTH, positive and negative ramp
voltages from sweep generator A1AR2 are inverted
by the summing amplifier A1AR4 and supplied to
negative s-veep detector A1ARS and cubing amplifier
A2AR9. Setting the ANTENNA switch to LEFT
selects a voltage between +3 and +3.6 volts frem
LEFT HORIZONTAL OFFSET potentiometer 2R9
(fig. FO-21). This voltage and negative ramp
voltages from the sweep generator are summed by
the summing amplifier to produce positive-going
ramps that start below ground. Alternatively,
negative ramp voltages that start above ground are
produced when the ANTENNA switch is set to
RIGHT.

2-63. Cubing Amplifier.
(fig. [EO-24]and 2-13)

Cubing amplifier 2A4A2AR9 modifies the offset,
bipolar ramp voltage from summing amplifier AIARA4.
The cubing amplifier is a hybrid module, operational
amplifier having a resistor-diode voltage sensitive in-
put network. illustrates the cubing
amplifier in simplified form, assuming positive input
ramp voltages. Resistor R 5 can be substituted for the
series-parallel combination of resistors A2R27, R28,
R32, R33, R37 and R38 since diodes A2CR6, CR7, and
CR8 are reverse biased for positive ramp input
signals (fig. [EO-24). A cubing amplifier voltage gain
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of -0.24 is established, therefore, by resistors A2R48
and R53 causing the output to increase from zero volt
to -0.86 volt. With the input ramp between +4 and
+6.2 volts, diode A2CR3 conducts and the parallel
resistor A2R47 with R48 change the voltage gain of
the amplifier to approximately -0.5. Network resistor
values are selected to provide minimum effect at the
output curve break points. At the second and third
brezk points, (+6.2 and 7.7 volts), the voltage gain is
increased to -0.74 and -1.0 respectively. The effect of
this shaping is to produce an output voltage curve
that approximates the cube of the input divided by
100. When the amplifier receives negative ramp
voltage:. this process is repeated, except that the
positive series-parallel network remains passive and
the negative network (fig.[EO-24) is active. The
cubed output is combined with the input ramp volt-
age in summing amplifier A2A412, through non-
symmetrical summing network A2R60, R61, to
produce a horizontal sweep signal that contains 96
percent of the ramp voltage and 4 percent of the
cubed output.

2-64. Negative Sweep Detector 2A4A1AR5
and Unipolarizer Al1AR7

(fig.[FO-24)
Negative sweep detector 2A4AIAR5 and unipolarizer
AIAR7 operate together to develop negative-going
ramp voltages regardless of the polarity of the offset
ramp signals from summing amplifier AIAR4. Out-
put signals from the unipolarizer are supplied to
logarithmic amplifier A2AR7 and the squared sum-
ming amplifier AIARO.

a. Negative Sweep Detector AIAR5. The negative
sweep detector is a hybrid module, operational
amplifier circuit that provides a positive-going ramp
output when its input ramp signal is negative-going.
Positive input ramp voltages produce a zero-volt out-
put level. Degenerative feedback establishes an
amplifier gain of one through one of two feedback
resistors, AIR28 or R30. When the input is positive,
diode A1CRS5 conducts and resistor AIR30 acts as the
feedback resistor. Since pin 1 of AIAR5 and AR7 is at
a virtual ground, no current flows through resistors
AIR28 and R29. Thus, the amplifier circuit output at
the junction of these resistors is zero volt. When the
input ramp signal is negative, diode AICR4 conducts
to switch resistor AIR28 into the circuit as the feed-
back resistor. This causes the negative sweep detector
circuit to develop a positive-going ramp voltage out-
put.

b. Unipolarizer A1AR7. The unipolarizer receives
two inputs that depend upon the polarity of the
negative sweep detector input. When this signal is a
positive ramp voltage, output from the sweep detec-
tor is zero volt. Thus, resistors AIR27 and R36 es-
tablish a voltage gain of one for the Unipolarizer,
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Figure 2-13. Cubing, amplifier, smplified schematic diagram.

causing its output to be a negative ramp signal having
the same amplitude as it8 imput. With a negative
ramp input to sweep detector AIARS positive and
negative ramp voltages are combined in a summing
network consisting of resistors AIR27 and R29. This
results in a negative ramp voltage output from uni-
polarizer AIAR7 that has the same amplitude as the
negative sweep detector input.

2-65. Direct Current Amplifier 2A2
(fig.LEQ-23)

Horizontal yoke currents for the ft and mt cathode
ray tube deflection yokes are provided by dc amplifier
module 2A2. Pincushion corrected horizontal sweep
signals from summing amplifier 2A4A2AR12 are
supplied to the noninverting input of differential
amplifier 2A2A1Q1 through HORIZONTAL
AMPLIFIER SWEEP LENGTH control 2R3 through
HORIZONTAL AMPLIFIER switch 2S2. The invert-
ing input to the differential amplifier is derived from
HORIZONTAL AMPLIFIER CENTER control 2R2.
aso through 2S2. The centering control is connected
in a voltage circuit across +9 vdc. The 9-volt sources
are developed by two Zener diode regulators, 2AIVR3
and VR4 (fig. FO-22). Amplifier gain is controlled by
varying the length control. The feedback to the is-
verting input is a sampie voltage through resistor
2A2A1R11 (fig. FO-23). This sample has the same
wave shape as the deflection yoke current; thus, any
deviation in yoke current wave shape from the input
voltage waveform is corrected by altering the output
voltage waveform from differential amplifier

2A2AI1QIl. The output from the differential amplifier
is amplified by inverter 2A2A1Q2 and supplied to
complementary, compound-connected emitter
followers 2A2AI1Q7/Q3 and 2A2AIQ8/Q5. In-phase
outputs are taken from these emitter followers and
supplied to a complementary push-pull power
amplifier consisting of transistors 2A2AIQ4 and
2A2A1Q6. When the input sweep signal isat zero volt,
the output amplifier is balanced and no current flows
in the ft or mt horizontal deflection yoke.

2-66. Vertical Sweep Circuit

The vertical sweep circuit shown in figure[EQ-2 is
discussed functionally on a block diagram level in
[paragraphs 2-28] through 2-31.[ Paragraphs 2-61
through 2-72 describe the detail functions of the
stages in this circuitry.

2-67. Sweep Generation
(fig.[FO-24)

Vertical sweep generator 2A4AIARG is gated on by a
positive sweep gate from the video simulator and syn-
chronizing circuit. When gated, it produces an output
ramp signal that is supplied to summing amplifier
AIARS

a. Sweep Generator Switches 2A4A1Q9, Q10.
These switches operate in the same manner as the
horizontal sweep generator switches AIQ3, Q4 [(pard
[2-623). However, they control application of the sine
0 signal to vertica sweep generator AIARG instead of
the cosine 0 signal.
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b. Sweep Generator 2A;A1AR6. This sweep
generator stage is electrically identical with horizon-
tal sweep generator A1AR2 (para 2—-62b). The output
from sweep generator A1ARG is supplied to summing
amplifier A1ARS where it is combined with a vertical
offset voltage.

c. Summing Amplifier 2A4A1ARS. Summing
amplifier A1ARS is a hybrid module operational
amplifier that combines an offset signal with the out-
put from sweep generator A1ARS. This offset signal
is supplied to the summing amplifier through switch
A1Q upon application of a yoke clamp signal. The
switch is a p-channel fet. ANTENNA switch 289
determir:s the magnitude of the vertical offset
signal. With a negative offset voltage applied to the
noninverting input of summing amplifier ALARS, the
summing amplifier provides a negative offset output
voltage having a magnitude that is three times
greater than the offset input. When sweep generator
A1ARS6 develops a negative ramp voltage, the sum-
ming amplifier inverts and multiplies this signal by
two; its output is an offset positive ramp voltage.

d. Summing Anplifier Offset Circuit. When the
sine § output is negative, LEFT antenna operation
(ANTENNA switch 289) with right aircraft drift
(NAV SIM control) or right antenna operation with
left aircraft drift, the switch 2A4AIQ7 conducts and
supplies a zero volt level to source follower AIAR3.
The source follower clamps one input to summing
network AIR4, R21 at zero volt. Since the other sum-
ming network input is a preset voltage between -9.4
and -11.2 vdc, the offset voltage supplied to switch
AlQ6 is a dc level between -1.35 and -1.62 volt. When
the sine 0 output is positive (right antenna operation
with right aircraft drift or left antenna operation
with left aircraft drift), polarity sensor driver AIARI
provides a high negative voltage that turns switch
AlQ8 on and switch AIQ7 off. With switch A1Q8 on,
the positive sine 0 output is summed with the fixed
vertical offset voltage and routed to switch AIQS6.
Setting ANTENNA switch 2S9 to BOTH cuts off
switch AIQ7 and permits the polarity sensor driver to

control operation of switch AlIQ8. Since the polarity
of the sine 0 signal slternates inthe both antenna

mode, switch A1Q8 conducts whenthe sine 0 signal is
positive, char ging filter capacitor AIC8. During the
other hdf cycle of the antenna gate, capacitor AIC8
holds its charge to maintain the sine O level at the in-
put to summing network AIR4, R21.

2-68. Negative Sweep Detecior 2A4A2AR2
and Unipolarizer A2AR4
(fig. FO-24)

N'egative sweep detector A2AR2 and unipolarizer
A2AR4 operate together to develop negative-going
ramp voltages regardless of the polarity of the offset
ramp voltage from summing amplifier A1AR8. Out-
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put signals from the unipolarizer are supplied to
logarithmic amplifier A2ARS and the dynamic focus
circuit. The operation of this circuit is identical with
the negative sweep detector and unipolar. ~r in the
horizontal sweep circuit (para 2—64). However, an ad-
ditional output is taken from negative sweep detector
A2AR2. For this cutput the negative sweep detector
acts as an inverter having a gain of one.

2-69. Logarithmic Amplifier 2A4A2AR5 and
A2AR7

(fig.[EQ-24] and 2-14)

Two logarithmic amplifiers are used to modify the
horizontal and vertical unipolarized ramp vo‘lmﬁs
part of an arithmetic process that provideﬂ pn-
cushion corrected vertical deflection signals. Both
amplifier circuits are shown in[figure 2-14] along
with their input and output waveforms. In this il-
lustration, resistors Ra and Rp replace series
resistors A2R20, R21 and A2R45, R46 respectively.
While the vertical input ramp voltage is between zero
and -0.57 volt, the output from logarithmic amplifier
A2ARS5 increases linearly to +3.4 volts. When the
threshold voltage of diode A2CR9 is exceeded, resistor
A2R23 is connected in paralel with resistor A2R24
which results in reduced amplifier gain. Thus, as the
negative input ramp signal continues to increase, the
output waveform shown at B, figure 2-14 is pro-
duced This signa approximates the logarithm (to the
base 1.6) of ten times the vertical input ramp voltage
(waveform A, [fig. 2-14). Logarithmic amplifier
A2AR7 operates in the same manner as logarithmic
amplifier A2ARS5. However, since its two break points
are at different levels, it provides an output voltage
wave shape that follows the logarithm (to the base of
1.6) of the horizontal input ramp voltage squared.
These two signals are supplied to threshold summing
amplifier A2AR8 through summing network A2R29,
R35.

2-70. Threshold Summing Amplifier 2A4A2AR8
and Antilogarithm Amplifier A2AR10
(fig. FO—-24 and 2-15)

Threshold summing amplifier A2AR8 and an-
tilogarithm amplifier A2AR10 complete the
arithmetic process used to develop vertical pin-
cushion corrected deflection signals. These amplifiers
and their input and output waveforms are shown in
figure 2—15. The summing amplifier is similar in
operation to negative sweep detector A1ARG in that
when its summed inputs (waveforms A and B, fig.
2-15) are below the threshold level of the amplifier,
its output is zero volt. As the combined input exceeds
this threshold level, the amplifier develops a
negative-going signal (waveform C, fig. 2—15). This
signal is supplied to antilogarithm amplifier A2AR10.
Althouth the antilogarithm amplifier appears similar
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to logarithm amplifier A2ARS, its operation is
somewhat different. With a zero volt level applied to
the antilogarithm amplifier input, diodes A2DR1S,
CR19, and CR20 conduct to parallel resistors A2R64,
R57, and R58 with feedback resistor A2R65. As the
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Figure 2-14. Logarithmic amplifiers, simplified schematic diagram.
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negative input signal increases (waveform C, fig.
2-15), the inverted output voltage (waveform D)
reverse biages diode A2CR19 to increase the gain of
the amplifier. This action continues until all hree
diodes are reverse biased, resulting in an output
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Figure 2-15. Antilogarithmic amplifier circuit, smplified schematic diagram.

voltage wave shape that approximates the an-
tilogarithm (to the base 1.6) of the amplifier input
squared +10 volts, divided by 400.

2-71. Vertical Output Switching
(fig. (FO-24)

Summing amplifier 2A4A2AR11 combines a sample
of the output from antilogarithm amplifier A2AR10
with the offset verticd ramp voltages from summing
amplifier A2ARS8. Since the ramp voltage can be
bipolar and the antilogarithm signa is unipolar, the
antilogarithm output is inverted by unity gain in-
verter A2ARI3 in order to provide complementary
antilogarithm signals. The switches A2Ql and Q2
develop complementary samples of the antilogarithm
signals across two voltage dividers A2R62/R63 and
A2R75/R76. The antilogarithm sample supplied to
summing amplifier A2ARIIl is determined by the
operating switch. Control for these switches is provid-
ed by limiting amplifier driver A2AR6, which
receives the inverted output from negative sweep
detector A2AR2 [[para 2-63). The limiting amplifier
driver acts as an open loop operational amplifier
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when its output is between +9 volts. Diodes A2VR2
and CR12 or A2VR3 and CR13 clamp the output
voltage at one of these values. Thus, bipolar pulses
are produced by the bipolar vertical ramp input
signal. These pulses are used to turn on switches
A2Ql and Q2. When the uncorrected vertical sweep
signa, from summing amplifier AIARS8, is negative,
fet A2Ql is turned on by the negative pulse from
limiting amplifier driver A2AR6. This results in the
summing of negative vertical ramp voltages with
positive antilogarithm sample voltages, by summing
amplifier A2ARIIl. Alternately, positive vertical
ramp voltages result in the turn on of switch A2Q2
and the summing of inverted antilogarithm samples
with the ramp voltage. This vertica sweep signa is
routed to dc amplifier 2A3.

2-72. Direct Current Amplifier 2A3
(fig. (FO-23)
The dc amplifier used to supply vertica yoke current

for the ft and mt cathode ray tube deflection yokes is
identical to the horizontal dc amplifier described in

Lparagraph 2-65I




Section V. VIDEO AMPLIFIER

2-73. General

The video amplifier eircuits are shown in figure
F(O—-2 and discussed funetionally, on a block diagram
leve!, in paragraphs 2—32 through 2—36. Paragraphs
2-74 and 2-75 describe the detail functions of the
stages in this cireuitry. The circuits discussed are
fixed-target video amplifier 1A2A6 and cathode ray
tube unblanking.

2-74. Fixed-Target Video Amplifier 1A2A6
(fig.LEQ-20)
Video amplifier 1A2A6 contains circuitry for con-
trolling blanking and unblanking of the ft cathode ray
tube as well as a video amplifier circuit. In the video
amplifier, positive fixed target or test video signals,
from relay 1A2K4 (fig. FO—2), are ac coupled to com-
plementary input amplifier A2Q2, Q3. Potentiometer
A2R2 is adjusted for a 2-volt peak video input signal
minimum. De voltages for the amplifier are derived
from the module plus and minus 20 vdc inputs. Zener
diode regulator AZVR? '2velops -15 vdc from the -20-
volt source while the +20-volt input is decoupled and
supplied direct to the input amplifier. The amplifier
increases the signal amplitude to approximately 12-
volts peak without introducing phase inversion and ac
couples its output to temperature stabilized emitter
follower A2Q4. Since the de reference is lost due to ac
coupling, dc restorer A2CR1, CR2, R9 is used to clamp
the signal base line a zero vdc. In the dc restorer,
diode A2CRI compensates for the voltage drop across
diode A2CR2. The output from emitter follower A2Q4
is applied to a fixed compression network consisting
of resistors A2RI2/R13, and temperature stabilized
diode A2CR3. When the amplitude of the signal is
below the diode threshold, the signal is coupled
through capacitor A2C8 to complementary amplifier
A2Q5/Q6. As the amplitude of the signal increases
above the diode threshold, the signal supplied to
amplifier Q2Q5/Q6 is divided by voltage divider
A2R12/RI3. This effectively decreases the overall
gain of the video amplifier for large signal inputs. The
second complementary amplifier (Q5/Q6) and emitter
follower A2QT7 are identical with the input amplifier
circuit. Dc restorer A2CR4, CR5 and R20 is used to
clamp the base line of the video input signal at zero vde
in the same manner as dc restorer A2CR1, CR2, R9.
Output signals from emitter follower A2Q7 are
supplied to output emitter follower A2Q8. Three
selectable compression networks A2CR7/R26,
CR8/R27, and CR9/R28 introduce additional com-
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CIRCUIT, CIRCUIT ANALYSIS

pression depending upon the settings of ANTENNA
switch 2S9 and RANGE switch 288 (para 2-32).
These diodes are either reverse biased by +15 vde or
returned to ground. The output from emitter follower
A2Q8 is routed to FT GAIN potentiometer 1A2R6
(fig. FO—2) and returned through pin U to diode
clamp A1CR11. This diode clamps the video signal
base line at a level determined by INTENSITY poten-
tiometer 2R6 in parallel with resistors 2A1R25 and
R26 (fig. FO-22).

2-75. Cathode Ray Tube Unblanking
(fig. FO—20)

Unblanking of the fixed-target cathode ray tube is
controlled by transistor switch 1A2A6A1Q10. When
the switch conducts, the cathode of the crt is clamped
at a +31 vdc level established by Zener dicde A1VR3.
With switch A1Q10 cut off, the crt cathode voltage
rises to +100 vdc and cuts off the cathode ray tube.
Reverse bias for switch A1Q10 is provided by diode
A1CR17 and resistor A1R42. Diode A1CR16 protects
the cathode ray tube from damage in the event of a
+100 vdec source failure. Transistor Al1Q10 is
switched on and off by the output of diode AND gate
AICR12, CR13, CR14, CR18. This gate receives two
direct inputs from the video simulator and syn-
chronizing circuit and one from UNBLANK switch
1A2S6 (fig. FO—2). The fourth input is derived from
the yoke feedback signal in the fixed target horizontal
sweep circuit. This signal is a bipolar sweep signal
that is coupled to unipolarizer AlAR1 through
capacitors A1C21, C22. The unipolarizer is a variable
gain cperational amplifier that provides a negative
gate for each sweep signal input. Zener diode AIVR6
reduces the gain of the amplifier when the feedback
voltage appearing across resistor A1R38 exceeds 4.3
volts. Positive input signals passing through diode
A1CR19 are inverted by A1AR1 while negative inputs
that pass through diode A1CR20 develop output gates
without inversion. The negative gates are transiated
through diodes A1CR21, CR22, and CR23 to turn
compound-connected switch A1Q9 off. At the end of
the gate signal, capacitor A1C20 charges through
resistor A1R39 to hold the transistor switch off until
the next gate signal occurs. If the horizontal sweep
signal is lost, switch A1Q9 conducts, turning off
switch A1Q10. Switch A1Q12 suppresses transients
when UNBLANK switch 1A2S6 (fig. FO-2) is
operated to protect the cathode ray tube.
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Section VI. CATHODE RAY TUBE FOCUS CIRCUIT, CIRCUIT ANALYSIS

2-76. General

The cathode ray tube focus circuits are shown on
figure FO-2 and discussed functionally, on a block
diagram levei, in paragraphs 2—34 through 2-36.
Paragraphs 2-77 through 2—-81 describe the detail
functions of the stages in this circuitry. Circuits dis-
cussed are as follows: ft and mt dynamic focus circuit,
squaring amplifier 2A4AAR9, dynamic focus
amplifier, drift angle servo loop, servoamplifier, and
servo loop stepper motor.

2-77. Ft. and Mt Dynamic Focus Circuit
(fig.[EQ-29)

Both the ft and mt dynamic focus amplifiers receive
their signal input from squaring amplifier
2A4AIAR9. Since the amplifiers are identical, only
the ft dynamic focus amplifier is described.
discusses operation of the squaring
amplifier.

2-78. Squaring Amplifier 2A4A1AR®
(fig._2-16)

The squaring amplifier modifies unipolarized
horizontal and vertical ramp voltages to provide the
proper wave shape for dynamic focusing of the
cathode ray tube electron beams. The amplifier and

its input and output waveforms are shown in figure
2-16. In this illustration, resistor Ry replaces series
resistors A1RA7 and R48 (fig. FO—-24). When the uni-
polarizeu horizontal ramp signal (waveform A} is
between 0 and -0.7 voit, diodes A1CR?7, CR8 and CR9
are reverse baised. Diode A1CRS6 is cut off also, since
the unipolarized vertical ramp signal (waveform B} is
less than -0.7 volt during this interval. Under these
conditions the squaring amplifier input is balanced to
ground causing its output to be zero volt. The irput
network is unbalanced when the threshold level for
diode A1CR? is exceeded. This causes the junction of
resistors AIR40, R44 to track the input signa down toy
its maximum value, producing a positive going
amplifier output. Exceeding the threshold levels of
diodes AICR8 and CR9 causes the junctions of
resistors AIR41, R45, and AIR42, R46 to track the in-
put signal also. Thus, the gain of amplifier AIAR9 is
increased at each break point. For the horizontal and
vertical ramp signal amplitudes shown in[figureg
[2-16] the threshold for diode AICR is exceeded when
the horizontal ramp input is approximately -2 volts.
Beyond this point the horizontal and vertical signals
are added at the input of the squaring amplifier. The
output from the squaring amplifier (waveform C) ap-
proximates the sum of the squares of the input ramp
signals divided by 11.47.

é -9VDC
R&2 ékdl R4
® R Laalll i %55‘ 25 i
—i¢
CR8
CRY . 18
66V
RA3
(8) CR6 -V 215
© S.N . ‘:4 ANA—
K.} Ly Lo R > R A
B ? 14,869
NOTES -9vVDC +9VDC

L PARTIAL REFERENCE DESIGNATIONS
ARE SHOWM. FOR COMPLETE DESIG-
NATIONS PREFIX WITH 2A4AL

2 UMLESS OTHERWISE SPECIFIED
ALL RESISTORS ARE IN OHMS.

EL3AGO73

Figure 2-16. Squaring amplifier circuit, smplified schematic diagram




2-79. Drift Angle Servo Loop
(fig. (FO-3)

_ The drift angle serve loop consists essentially of the
NAV SIM control mechaniral linkage, synchro
tranamitter 2B2, synchro receiver 1A2B1, ser-
voamplifier 2A5, and stepper motor 2B1 (fig. FO-3).
GS/DFT DRIVE switch 2S12 (fig. FO—3) supplies
+20 vde to the servo amplifier drivers in the ON posi-
tion. If NAVIGATION Switch 256 (fig. FO—3) is set
to AUTO, and relay 2A5A2K1 (fig. FO—3) operates,
+20 vde is supplied to the drift angle and
groundspeed servoamplifiers. With SERVO LOOP
switch 287 set to DFT, the rotor and stator windings
of receiver 1A2B1 are connected to the servoamplifier
and transmitter 2B2 through relays 1A2K5 and K6.

2-80. Servoamplifer

(fig. LEQ-25] and LEO-3)
Servo amplifier 2A5 contains two indentical
amplifiers. One is used in the drift angle servo loop
and the other is used in the groundspeed servo loop.

Since the amplifiers are identical, only stages of the
drift angle servoamplifier are discussed.

a. Buffer A3AR. On dternate haf cycles of a 26-
vac, 400-Hz reference signal from transformer [A2TI
(fig. FO—14), switch A3Q5 (fig.[FO-25) conducts
through amplifier A3Q6 and switches A3Q7, Q8 to
drive buffer ASBARS. During the other half cycle when
the switch is cut off, a sample of the 49-Hz drift
angle information is supplied to the inverting input of
buffer ABARS5. The buffer is a micromodule
operational amplifier having a voltage gain of ap-
proximately 45, which is established by feedback
voltage divider ASAR9, R37. Waveform B (fig.[EQ-3),
represents the buffered output signad when the error
signal between synchros IA3BI and 2B2 is less than 5
degrees. For an error of greater than 5 degrees, the
buffer is overdriven which produces a square wave
output signal.

b. Integrator A3BARG6. Integrator ABARG6 is a
bootstrap generator that develops positive or negative
ramp output signals depending upon the polarity of
the output from buffer ASARS5. Since the ramp
generator input is a pulsating dc signal, charging
capacitor A3C17 holds its output charge during the
intervals when the rectifier output is clamped to
ground, causing integration of the output from buffer
A3ARS. Adjustable degenerative feedback is provided
by voitage divider .A3R48/R49, and R50 to permit ad-
justment of the ramp generator voltage gain for a
value of 2. Charging resistor A3R40 and bootstrap
resistor R47 operate together to establish a constant
charging current through capacitor A3CI7. With a
constant current flowing through the capacitor, a
linear ramp voltage is developed at the output of in-
tegrator A3BAR6 (waveform C, fig.[FO-3).
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¢. Level Detectors ASAR?, ARS. Level detectors
A3AR7, ARS are micromodule operational amplifiers
incorporating external positive feedback. Positive and
negative 1.14 vdc bias voltage is developed from two
voltage dividers, A3R51/R52 and A3R53/R54. The
positive bias is supplied to the noninverting input of
level detector A3AR7, while the negative bias is
applied to the inverting input of level detector ARS.
Ramp voltages from integrator A3ARG are fed to the
remaining input of both level detectors. When the
peak of the ramp voltage is less than the 1.5 volt
threshold of the level detectors, the output from both
detectors is approximately +7 vdc. If a pesitive ramp
exceeds the threshold of level detector A3ARYT, its
output switches, producing a negative transient that
turns on transistor switches A3Q11, Q10 and Q9
through monostable multivibrator A2USA, U12B and
inverter A2UTC. With transistor switches Q9, Q10 on,
charging capacitor A3C17 discharges, causing the
output of level detector ASART to return to +7 vde
(waveform D, fig. FO—3). The monostable stretches
the output pulse of detector A3AR7 to provide suf-
ficient time for discharge of the capacitor. If a
negative ramp voltage from integrator A3R6 exceeds
the threshold of level detector A3ARS, its output also
goes low, turning on switches A3Q11, Q9,and Q10in a
similar manner.

d. Stepper Motor Control Circuit. The stepper
motor control circuit consists of two digital com-
parators consisting of micromodules A2U110A,
A2U9D, A2U10B, A2U9C and two bistable mul-
tivibrators A2U11A and UlIB. The negative-going
pulse from a level detector is transformed by level
changer U9A, U9B into complementary inputs at
comparators A2U10A, U10B. Each comparator per-
forms an AND-OR-INVERT logic function for the
complementary inputs and the crosscoupled outputs
from bistable multivibrators A2U11A, U11B to
provide the clock steering gates for the J-K inputs.
The clock pulse is coupled through monostable mul-
tivibrator A2U8A, U12B and delay inverter A2U12A,
U12C, U12D to the bistable trigger inputs. The time
constant of A2C14, RN, plus the inherent time delays
of A2U8A, U12B, U12A, U12C and U12D provide time
for the JK inputs to stabilize before the clock pulse
arrives. When triggered, the bistables provide an
enable gate for inverters A2U7A, U7E or U7D, UT7F,
depending on which level detector is providing an out-
put. Simultaneously with the application of the
bistable steering gates, the level detector pulse is in-
verted by A2U8B and applied to inverter A2U7B.
Switch A2Q13 and emitter follower A2Q14 provide a
delayed output pulse for each input pulse. Before the
switch can turn on, capacitor A2C8 must discharge
through resistor A2R25. When the input pulse is
removed, A2C8 must charge to the A2Q14 cutoff level
through resistors A2R26 and R22. The collector out of
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A2Q13 is commonly connected to the driver inputs
through load resistors A2R29, R31, R33, and R35. The
output pulse, therefore, will forward bias the two
driver inputs that are enabled by the logic circuitry.
The forward-biased driver pair then conducts current
through the logically selected motor windings (fig.

Fa-3).
2-81. Servo Loop Stepper Motor
(fig—217)

Internzl construction of the stepper motor is
represented in view B, figure 2—17. As shown in view
B, two ccils are wound on each stator pole. These
windings are connected to produce polarization of the

stator poles as indicated at view A. Assuming that
switches 2A5A2Q18 and Q16 are forward biased. all A
and B coils are energized causing stators 1,2, 5, and 6
to become south poles and stators 3, 4, 7, and 8 to
become north poles. Since the permanent magnet
rotor tends to position itself to balance all magnetic
fields, the rotor assumes the positior shown in view
B. If transistors 2A5A2Q17 and Q15 are forward biased,
the A and B windings are energized providing the
polarization indicated in view A. Sequencing of the
switches is determined by the stepper motor ccatrol
circuit. Wavefcrms J through L of (fig. FO-3) il-
lustrate switch sequencing as the errcr signal passes
through a null.
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Figure 2-17. Stepper motor contol, simplified schematic diagram
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Section VII. BITE AND POWER SUPPLY CIRCUITS, CIRCUIT ANALYSIS

2-82. General

The BITE circuits are shown in figure 2—8 and
discussed functionally, on a block diagram level, in
parag-~~h 2—42. Paragraph 2—83 describes the detail
funcuions of the stages in this circuitry. The power
supply circuits are shown on figures 2--4 through 2—6
and discussed functionally, on a block diagram level,
in paragraphs 238 through 2—40. Paragraphs 2—-84
through 2-92 describe the detail functions of the
stages in this circuitry. Circuits discussed are as
follows: indicating system series regulated supplies,
indicating system shunt regulated supnlics, in-
dicating system overcurrent protection, secondary
power snurces, low voltage power supplies, anode and
focus loads, and film speed variabie voltage source.

2-83. BITE Circuitry

(fig.[FO-18)
The BITE circuitry is divided into two magjor circuits
which are functionally described on a block diagram
level in paragraph 2-42. Detailed stage analysis of
both major circuits are discussed in a and b below.

a. Primary Fault Detection Circuit. The primary
fault detection circuit causes FAILURE lamp
IA2DS2 (fig._FQ-14) to light if an overvoltage or un-
dervoltage condition exists for the horizontal sweep,
vertical sweep, video, or unblank signal. Outputs of
the four sensing circuits are commonly connected to
the base of switch IA2A4Ql so that a positive output
from any channel will turn on the switch to provide
a circuit path through the FAILURE lamp. Also,
voltage clamps in comparators 1A2A4AR2, ARA4,
AR6, and AR8 are commonly connected through
BITE switch 1A2S7 (fig.[FO-14) to ground in the
OFF position. When BITE switch IA2S7 is placed in
the ON position, the four sensing circuits are enabled.
Since circuitry is essentially the same for all four
channels, only the video fault detection channdl is dis-
cussed. A sample of the ft video signa is applied to
operational amplifier IA2A4AR5 which has a gain of
approximately 0.5 Diodes CR5, CR6, and CR14
provide voltage limiting. The amplifier positive out-
put is peak detected by CR7 and C35. This dc level
appears at pins 4 and 7 of dua comparator AR6. Pin 6
of one comparator is referenced to +l vdc, and pin 3
of the other comparator is referenced to +10 vdc. If
the video signal rises above the +10 volt reference, a
noninverted (positive) output occurs. If the signal
drops below +1 volt, a positive output also occurs. In
either failure mode, switch QI is turned on.

b. Fault Isolation Circuit. The fault isolation cir-
Ccuit contains two circuits: a high voltage power sup-
ply monitor circuit and a servo fault circuit When con-
nected to Recorder-Processor-Viewer, Radar Mapping

RO-495/U, a BITE signal from the high voltage
power supply enables switch 2A1Q8 to allew
INDICATOR FAULT ixmp DS2 to flash (para 2—-44).
The servo fault circuit in the fault isolation eircuit
(fig. 2—8) consists of two Integrating amplifiers.
2A5A1Q6 and @7, two emitter followers Q2 and Q3,
threshold switch Q4, switch Q5, and switch 2A1Q7.
Transistors Q6 and Q2 perform the same functions for
the groundspeed servo as transistors Q7 and Q3 do for
the drift angle servo. As the drift angle serve error in-
creases, the pulse train pulse repetition frequency
from gate 2A5A2U7C increases, causing capacitor
2A5A1C6 to hold its charge throughout the interpulse
period. Thus, the average positive de level at the out-
put of emitter follower Q3 increases until the 5-volt
threshold level at the base of threshold switch Q4 is
exceeded. When the threshold is exceeded, switches
2A5A1Q4 and Q5 turn off, and allow a stable mul-
tivibrator 2ATA2Q1, Q2 (fig. FO—27) to control the
operation of the SERVO FAULT indicator through
switch 2A1Q7.

2-84. Indicating System Series Regulated Sup-
plies
(fig. (FO-12)

a. General. Transformer Tl in low voltage power
supply module IAIA3 develops six three-phase
voltages from the 115 vac, 400 Hz primary power.
These voltages are rectified by six three-phase bridge
rectifiers. The unregulated outputs from these rec-
tifiers are routed to five series-regulator and a shunt-
regulator circuit.

b. Regulated -28-Volt Dc Supply. Series regulator
IAIA3QI supplies regulated -28 vdc to the other
regulator circuits. If the -28 vdc supply does not
provide its normal output, the remaining supplies are
disabled. A sample (referenced to ground) of the
regulated -28 vdc is taken from potentiometer
A4AIR13 (fig.[EO-12) and supplied to differential
amplifier A4AIQ3 where it is compared with a signal
(normally 16.3 volts dc) developed by 11.7-volt Zener
diode A4AIVR2. Any change in the regulated output
voltage is divided by voltage divider A4AIR12, R13,
R14. Thus, an increase in the -28-volt output (more
negative) causes the differentia amplifier to produce
a positive-going error voltage for inverter A4AIQ2.
Because the inverter supplies base current for series
regulator 1AIA3Q1, its collector current decreases,
causing the regulated output voltage to return to its
origind value. Zener diode A4AIVRI assures proper
starting of the regulator. When primary power is
applied, the regulator output is zero volt. Base
current for series regulator 1AIA3QI (fig. [FO-12) is
supplied through diode A4AICR3 and 27-volt Zener
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divde A4ALVRI. As the regulator output rises toward
the -37-volt unregulated voltage, differential
amplifier A4A1Q3 and inverter A4A1Q2 become ac-
tive, to reverse bias diode A4A1CR3, and disable the
stariing circuit.

¢. Regulated -20-Volt Dc Supply. Series regulator
1A1A3M {fig. 1"0-12) operates in 2 circuit that is
similar to the -28vdc reguiator circuit. However,
differential amplifier A4A2Q1 receives its supply
voltage reference voltage from the regulated -28
vdc output. A -20 vdc reference voltage, developed by
voltage divider A4A2R5 through RS, is compared
with the -20-volt supply regulated output in differen-
tial amplifier A4A2Ql. Any change in this output is
inverted by the differential amplifier and supplied to
inverter IAIA3Q5 where it is again inverted. The out-
put from inverter Q5 is used to provide drive for
series regulator IAIA3Q4. Since the series regulator
aso acts as an inverter, any change in output voltage
is canceled. Output filtering is incorporated by
parallel capacitors 2C4, C5, C6 (fig.[FQ-21).

d. Regulated +100-, +20-, and +6 3-Volt Dc
Supplies. The +100-volt, +20-volt, and +6.3-volt
series regulators 1AIA3Q7, Q2, and Q6 are driven by
similar regulator circuits. In each case, differential
amplifiers A4A2Q2/Q3; A4AIQI; and A4A1Q5,
respectively (fig. [FO-12) receive input voltage from
the regulated output of the -28 vdc supply. Voltage
dividers between the respective regulated output and
the regulated -28 volts provide a zero volt signal to
the differential amplifiers. These signals are com-
pared with a ground reference in the differential
amplifiers to develop error output signals. In the
+100-volt regulator, the error signal is routed direct-
ly to series regulator 1AIA3Q7 while error signals for
the +20- and +6.3-volt supplies are routed through
emitter follower IAIA3Q3 and inverter A4AIQ4
respectively, before being applied to their series
regulators. Output filtering, for the +20 vdc power
supply, is provided by capacitors 2C1, C2, C3 (fig.
[FO-21). Back-to-back diodes A4A2CR3, CR4 and
A4AICR1, CR2 limit excursion of the input error
signal to +0.7 volt, for the +100- and +20-volt
regulators, to prevent damage to their differential
amplifiers.

2-85. Indicating System Shunt Regulated Sup-
plies
(fig. [FO-12)
A shunt regulator is fed by the 665-volt unregulated
output of three-phase rectifier IAIA3AICR13
through CR18. The regulator (IAIA3Q8) provides 531
volts dc. This regulator is controlled by emitter
follower A4A20Q4 which receives a sample of the
regulated output from voltage divider A4A2R22, R23,
R24, CR6, CR7. The emitter follower receives its
source voltage from the regulated +2-volt supply and
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references the sample signai to the -28 vde output
voltage.

2-86. Indicating System Overcurrent Protec-

tion
(fig.[FO- 12)

Silicon controlled rectifier switch A3AIQI operates
relay A3AIK3 in the event that either the plus or
minus 20-volt supply is overloaded. With relay
A3AIK3 operated, series regulator IAIA3QI is cut
off which removes the -28 vdc power thereby turning
off the other series regulators. Switch A3A1VR1 con-
ducts when it receives a positive pulse at its gate and
remains on until its anode voltage is removed. Nor-
mally, a negative voltage is supplied to the switch
through resistor A3AIR2. If either current relay
A3AIKI or K2 operate, unregulated +20 vdc is con-
nected to voltage divider A3A'RI/R2 This generates
a positive pulse that exceeds the threshold voltage of
12-volt Zener diode A3A1VRI to trigger the silicon
controlled rectifier resulting in the turn off of al six
power supplies.

2-87. Secondary Power Sources
(fig. [EO-261 and [FO-8)

a. Fifteen-Volt Regulators. Plus and minus 15 volts
are developed from the regulated +20-volt sources by
two series regulator circuits. Operation of the +15-
volt regulator is the same as for the +20-volt supply
discussed in[paragraph 2-84] Two provide negative
voltage, a -15-volt reference voltage is derived from
the regulated -28 vdc power supply by voltage divider
2A6AIR16, R17 (fig_FO-26). This dc level is com-
pared with the output -l&volt regulator by nonin-
verting differential amplifier 2A6A1Q2. Output from
the differential amplifier is direct coupled through
emitter follower 2A6AIQI to provide base current for
series regulator 2Q2 (fig. [FO-8). Since the series
regulator acts as an inverter, variations in the
nominal -15 vdc output level are canceled.

b. Secondary Power Source Overcurrent Protec-
tion. Switch 2A6Ql and switch 2A6Q2 (fig.[FO-26)
provide overcurrent protection in the +15-volt dc and
-15-volt dc regulator circuits. Both overcurrent
protection circuits function in a similar manner; con-
sequently, only the +15-volt dc overcurrent protec-
tion circuit is discussed. Any time that the output of
the +15-volt dc regulator fals below approximately
13 volts dc, Zener diode 2A6VRI conducts, causing
switch 2A6QI to turn on. With switch 2R6QI turned
on, the base of emitter follower 2A6AIQ3 is clamped
to the +20-volt dc regulated output, which turns off
this stage, thereby removing the base current from
series regulator 2QI (fig.[FO-6).

c. Nine-Volt Sources. Plus and minus 9 vdc is
generated by cascade operational amplifiers in
module 2A4. One amplifier (2A4A2ARI) (fig.[FO-24)




is comnected as a source follower and is used tc
orovide a low impedance source having power gain.
This amplifier receives +9 volts at its noninverting
input. This voltage is derived from the +15-volt de
regulator through 11 7-volt Zener diode 2A4A2VR1
and potentiometer 2A4a2R2. The outpat of
2A4A2AR1 is used by cireuitry within the sweep
generator. This output is fed also to operational
amplifier 2A4A2AR3 which is connected as an invert-
ing amplifier having a gaixn of one; thus, its output is
-8 vde. This voltage is wsed by the circuits in the
sweep generator alsc.

d. Groundspeed/Dvift Any, = Servo Sources. Four
secondary voltages are supplied by regulators in
module 245 (fig. FO~-25). Two of the regulators
(2A5A3Q12 and 2A5A1Q1) are conventicnal series
regulators using Zener dicdes as their references.
Regulator 2A5A3@Q12 provides a plus 12-volt source
for operational amplifiers 2A5A3AR3, AR4, AR7, and
ARS; wh:le regulator 2A5A3Q1 supplies a plus 5-volt
level for the digital micromodule circuitry. The
remaining two secondary veltages (plus and minus 6
volts) are supplied by transistors 2A5A3Q13, Q14,

and Q15. Tranzistor Q13 is a conventional Zener
referenced series regulator that provides the plus 6-

volt output. Series regulator Q15 receives its drive
gignal from inverter QI4; which, in turn, receives an
error signal from the temperature compensated
veltage divider across the plus and minus regulated
outputs. Thus, the negative voltage tracks the
positive voltage to maintain balanced outputs. Zener
diode VR3 is normaly cutoff, but it is incorporated to
prevent the negative output from exceeding 8-volts at
turn on or as a result of noise transients.

2-88. Low Voltage Power Supplies (Module

(fig.[EQ-17)

a. General. Transformer |A2T2 (fig[_FO-14)
develops three, three-phase voltages from the 115 vac,
400-Hz primary power. These voltages are rectified
by three, three-phase bridge rectifiers. The un-
regulated outputs from these rectifiers are filtered
and fed to three series regulated power supplies.

b. Plus 28 Vdc Supply. A sample of the output of
series regulator 1A2A3Q9 (fig. [FO-17) is taken from
diode temperature-compensated voltage divider
CR20, CR19, R29, R28 and applied to error amplifier
input stage Q10. The emitter is clamped at 11.7 volts
by Zener diode VR4. Any voltage change in the output
of series regulator Q9 is inverted and amplified by
Q10 and supplied through driver Q8 to the base of Q9.
Consequently, an increase or decrease in emitter
voltage of Q9 causes a decrease or increase, respec-
tively, in conduction through Q9. Resistor R27
supplies starting current to Q10. Switch Q11 provides
short circuit protection. Q7 is a constant current
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souree for Q9. If the emitter voltage of Q8 approaches
ground potential, normally-on switeh Qi1 turns off
and Zener diode VR3 ceases to conduct. The base of
constant current source Q7 is switched to 33 volts
causing this stage to tucn off, thereby turning off Q8
and Q9.

¢. Plus 29 Vdc Supply. The +20 vdc supply cirenit
consists primarily of series voltage regulator
1A2A3AR1. This regulator recei=s input power from
the +28 vdc supply at terminal b «nd is case grounded
to +28 vdc circuit ground. The regulated cutput is
sampled at the junction of R21, R22 and supplied to
terminals 4 and 5. Capacitors C8 and C7 provide
filtering. Network R18, R19, R20 establishes the out-
put voltage regulation point. Voitage divider R2Z2/P41
provides startup current. Short circuit shutdown is
provided by switch Q13 which turns off in the event of
a ghort circuit to supply a +20 vdc shutdown signal.

d. Minus 5 Vdc Supply. The -5 vde supply fune-
tions in a manner similar to the +20 vde supply.
Unregulated input voltage i2 supplied to terminal 3 of
series voltage regulator 1A2A3AR2. Resistors R42
and R17 supply start up current. Switch Q12 turns

off when the -5 vdc output approaches circuit ground
and shuts down the series regulator.

e. Plus 5 Vdc Supply. The +5 vdc supply functions
in a manner similar to the +28 vdc supply. However,
the regulated output is referenced to the regulated
output of the -5 vdc supply through series resistors
IA2A3R11, R12. Differential amplifier Q6 senses any
relative change in the regulated outputs of the 5 vdc
supplies, causing driver Q2 and series regulator Q3 to
operate to null the change. If the +5 vdc regulated
output approaches circuit ground potential, switch Q4
turns off, causing switch Q5 to turn off. With Q5 off,
current source Q1 turns off, which causes series
regulator Q3 to turn off. Start up current is provided
by resistors R4 R13 and Zener diode VR2 which
ceases to conduct as output voltage rises.

2-89. Anode and Focus Loads
(fig. [EQ-9)

Anode load module IA1A6 and focus load module
IAIA5 provide a means of measuring regulated or
unregulated anode and focus voltages and the ripple
voltage content of these voltages. For the purpose of
clarity, only those test set group cable connections of
immediate interest are discussed.

a. Anode Load When the anode voltage to be
checked is connected to connector |AIJ8, series
resistors IAIA6R3-R6 and |IAIA2R1 provide a 1000-
megohm dc load. The voltage drop across the parallel
resistance of IAIA6R6 and IAIA2RI provides the in-
put to the anode voltage follower IAIA2UL. The out-
put of the voltage follower is monitored at ANODE
VOLTAGE 1V/10KV test jack E3. Capacitor Cl
decouples the high voltage dc to permit ripple voltage
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meastrements which are taken across resistor
1A1A5R1 via ANODE RIPPLE test j&ek El. Neongas

inhas 141 Aﬁnel_hﬁﬂ Iiemitt #momaian valtaman
WSS 1s335BVIIOLT s u‘unu:x.u YUilGagcs

across resistor 1A1R! to approximately 270 volts.
Resistor 1A1A6R2 limits current through the neon
gas tubes during periods of cenduction. Test jacks
1A1A6E2, E3, and ES5 provide test points for checking
operation of the neon gas tubes.

b. Focus Load. Focus load module 1A1A5 functions
in a manner similar to that covered in e above with
the following exceptions: Series resistors 1A1A5RS —
RS and 1A1A2R4 provide a 55-megohm de load. The
voltage drop acrcss the parallel resistance of
1A1A5R6 and 1A1A2R4 provides the input to the
focus voltage follower 1A1A2U2. The output of the
voltage foliower is monitored at FOCUS VOLTAGE
2.75V/2.7kV test jack E4.

2-90. Film Speed Sources

There are two film speed sources. One is used to test
the interconnections of unit 5 and the load of unit 9.
The other provides calibrated film speed levels along
with 115 vac servo for film speed servo.

a. RO-495/U Unit 5, Unit 9 Interconnect Test. The
circuit shown in[figure 2-18] provides a +4v to +27v
dc potential, depending upon the setting of FILM
SPEED control IA2R18. When this control is fully

clockwise, maximum vultage is developed by condue-
tion through emitter follower 1A244Q4. As the egn-
trol is rotated in the counterclockwise direetion,
amplifier Q5 begins to conduct. The emitter of Q4
follows its decreasing base potential until it reaches &
level a few tenths of a volt less than the emitter clamp
potential of Q5.

b. Calibrated Film Speed Circuit. The calihrated
film speed circuit consists of transformer 1AITE,
FILM SPEED switch 1A1S3 and voltage divider
1A1A2R15 —~ R18. The divider output is approximate-
ly 0 to 13.2 vac. These voltages are used to control the
film drive servo in Recorder-Processor-Viewer, Rada~
Mapping RO-495/U during maintenance. This cir-
cuit is shown in figure 2-19.

2-91. Regulated +28 Volt Dc Supply and High
Vollage Loads
(fig. 2-9)

Plus 28 Vdc regulated voltage is generated from the
196 Vac between phases in the 1A1 panel assembly
with transformer 1A1T1, reactor 1A1L1 and the
regulator circuit on IAIA2. The primary power is
applied to the primary winding of transformer
1A1T1. A 43-volt ac secondary is applied to bridge rec-
tifier 1AIA2CRI - CR4, the output of which is
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Figure 2-18. film speed variable voltage circuit, simplified schematic diagram
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Figure 2-19. Control film speed control circuit

filtered by LC network IAIL1, IAIA2CI. Power
amplifiers 1AIA2Q1, Q2 amplify the rectified voltage
and feed regulator IAIA2Q3 which develops the out-
put of +28 volts dc. The regulated +28 vdc is used for
the film speed servo assembly and the input to VRY
which outputs +5 vdc to the ADAS board.

2-92. Plus 26 Volt DC Power Supply

The +26 Vdc power supply is a dc-to-dc power supply.
It is a sedled, non-rep&able module. Its output is used
to test the high voltage power supply in the
RO-495/U.

Section VIII. ADAS SIMULATOR CIRCUITS,
CIRCUIT ANALYSIS

2-93. ADAS Simulator

(fig. CFO-10).
ADAS simulator IAIA1l provides unblanking and
vertical deflection signals which exercise the ADAS
printer circuitry of Recorder-Processor-Viewer,
Radar Mapping RO-495/U. The ADAS simulator has
three operating modes as set by ADAS MODE switch
1AIS): BCD, NUM, and ALT. In the BCD mode, BCD
ADAS data blocks are generated by the ADAS
simulator and output as a series of +80 vdc unblank-
ing pulses. The vertica deflection signal (-20 to +14
vdc ramp) is enabled after each six bits of data in this
mode. In the NUM (numeric) data mode, the unblank-
ing pulses are again output, but the ramp signal is
disabled. The vertical deflection signal, in this mode,
is produced by a deflection clock circuit. In the ALT
(alternate) mode, the ADAS simulator switches
between BCD and numeric modes for alternate
ADAS data blocks. The following subparagraphs
describe the circuits of the ADAS simulator.
a Input Buffer and Clock Enable.

Input buffer IAIQLl accepts the 28 volt data demand
pulse and converts it to a +5 volt pulse for the clock
enable. Clock enable flip-flop U11lA is set by the

leading edge of the data demand and is reset when
clock pulse 577 from the clock generator is decoded.

b. Clock Generator. The clock generator consists of
a 2.048 MHz crystal controlled oscillator (U2A). The
output of this oscillator is input to a ripple counter
(U3) which divides the frequency by 64 for an output
of 32 KHz. The clock enable signal alows the clock to
run only during the time for one ADAS data block.

c. Reset Circuit. The reset circuit consists of
monostable multivibrator U12A and flip-flop U11B.
The flip-flop is used as an inverter to drive the input
to the monostable multivibrator. The Q output of the
monostable multivibrator is used to reset the word
counter. The Q output it used to inhibit the first clock
input to the bit enable circuitry.

d. Three Decade Counter and Decode. The three
decade counter, U6, U7, and U8, divides the 32 KHz
clock to provide the bit count for the bit counter. The
decoder is divided into two sections. The first section,
U9A, U9B, U4A, and USC, decodes the 193rd and
336th counts for the bit inhibit for the BDC data
block. The second section, U9C, provides the 577th
count to reset the clock enable circuit and to load the
count of zero into the bit counter.
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e. Bit Counter. The bit counter consists of
monostable multivibrator UlA, four bit birnary
ecounter Ul0, and decoders U4B, U4C, and U4D.
Monostable multivibrator UlA provides a 300-
nanosecond deiay of the bit clock for the counter. The
binary counter provides the count for the output data
selection, the word clock, and bit counter reset. Bits 3
and 5 are decoded by U438, U4C, and U4D and used to
provide the clock for the word counter. Bit 5 is also
used to clear the bit counter which counts from 0
through 5.

f. Word Counter. The word counter U13 is a 12-bit
binary counter. The clock for the word counter is the
decoded third and fifth counts of the bit counter.
Consequently, the word counter advanceg twice for
each word at the fourth and sixth bit of the word. The
counter is reset at the time of data demand. The
seventh bit is one of the inputs to the ramp generator
[para 2-93é above).

g. Programable Read Only Memory (PROM) and
Data Selection. PROM U14 is a 256-word by 4-bit
PROM that is programed with the information for a
fixed BCD block of data. Each line of data in the data
block consists of six bits, of which the first four bits
are an even numbered work, i.e., 0,24, of the PROM.
The remaining two bits are the successive odd word of
the PROM i.e, 0O, 1, and 2,3. The data selector U15 is a
one-of-eight data selector, of which the first six in-
puts are used. Selection of the six inputs is made by
the three control inputs which are driven by the bit
counter. The output of the data selector is a single
line. The effect is that the word is converted from a
parale six bit word to a seria word. Since the total
time for a data bit is approximately 31.25
microseconds, the bit enable circuit controls the in-
hibit input of the data selector to provide an output
pulse of 21 microseconds.

h. Bit Enable Circuit. The bit enable circuitry con-
sists of monostable multivibrator U12B, flip-flop
Ul7B, and gates Ul6 and U18D. Monostable mul-
tivibrator U12B is set for 11 microseconds and is
NORed with reset flip-flop U17B. The flip-flop is set
by reset monostable multivibrator U12A and is reset
by the first bit enable pulse. This is to keep the inhibit
on the data selector at the beginning of an ADAS cy-
cle. The output of the gate UI6C is ANDed with the

decoded bits 193 and 386 bit to inhibit the 193rd and
386th output bits of data selector Ul5.

t. Unblank Level Skifter. Unblank level shifter Q7
and QB receive the output of the data selector ULS and
convert it from the 5v CMOS level to the 80v pulse
required as the unblanking output.

j. BDC/ALT/NUM Selection. The BCD/ALT/
NUM selection circuit consists of flip-flop U17A, NOR
gates U16B and U16D, and NAND gate U18A. When
the ADAS MODE switch is in the BCD mode, the D
input of flip-flop Ui7A is pulled to +5v. The clock to
the flip-flop is the data demand. The flip-flop toggles
high and enables the ramp generator for every data
demand. When the switch is in the ALT mode, the @
output of the flip-flop is connected to the D input and
the flip-flop changes state with every data demand.
This enables the ramp generator every other data de-
mand. During the data demand that the ramp
generator is not enabled, the input to the deflection
clock is held low and wher the ramp generator is
enabled the input to the deflection generator is held
high. When the switch is in the NUM mode, the D in-
put of the flip-flop is held at ground. The data de-
mand toggles the flip-flop low. This disables the ramp
generator and enables the input to the deflection
clock for al data demands.

k. Deflection Clock. The deflection clock consists of
monostable multivibrator UIB and level shifting cir-
cuitry Q9, Q10, and Q11, which converts the +5 volt
CMOS levels to -26 volt to +20 volt levels. The mul-
tivibrator is controlled by the reset input- When the
reset is held high, the multivibrator is allowed to
run. When the reset is held low, the multivibrator
is turned off.

I. Ramp Generator. Ramp generator consists of
U18B, Q2, Q3, Q4, Q5, and Q6. The enable from the
BCD/ALT/NUM sdlection circuit and the 7th hit of
the word counter are the inputs to the ramp
generator. When both inputs of the gate U18B go
high, the output goes low. This turns off Q2, Q3, and
Q4 and alows the constant current source Q5
charge ramp capacitor C12. Output transistor
follows the charge of the capacitor and provides the
ramp. The output of the ramp generator and the
deflection clock are ORed together to provide the ver-
tical deflection signals.

Section 1X. MONITOR ADAPTER INPUT SIMULATOR
CIRCUITS, CIRCUIT ANALYSIS

2-94. General
(fig. (EQ-13)

The monitor adapter input simulator provides ECCM
video and ECCM deflection signals which are used to
test the monitor display adapter circuits in Recorder-
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Processor-Viewer, Radar Mapping RO-495/U. The
ECCM deflection signal is used for horizontal deflec-
tion and is synchronized with the ECCM video signal
by a binary counter. The following paragraphs
describe the circuits of the monitor adapter input
simulator.




2-5. Clock Generator

The cloek gemerator consists of a free-running
cacillator (U1). The frequency and duty cyecle of the
eseillator are controlled by resistors R2 and R3, and
eapacitor C1. A square wave is produced by selecting
a specific ratio of resistors R2 and R3. A 13-kHz
square wave cloek signal is generated and applied to
the binary counter (U2).

2-96. Binary Counter

Counter (U2) is a 4-bit binary synchronous counter
which counts from zerc through 15 and then recycles.
A buffered clock input triggers the 4 internal flip-
flops on the positive-going edge of the 13-kHz clock
generator signal when enabled by internal gating.
Binary counter outputs are routed to the video
decoder, deflection decoder, and the ramp generator.

2-97. Ramp Generator

The ramp generator consists of a level changer (Q5,
Q4), switch circuit (Q3), and operational amplifier
(US). The “D” output of the binary counter is applied
to the emitter of transistor Q5. A logic high occurs at
the “D” output during the binary counts of 8 through
15. This voltage corresponds to a negative level
voltage at the collector of transistor Q4, and is applied
to the gate (G) of JEET (Q3). Q3 is cut off and effec-
tively opens the dc feedback path between the output
of U6 and the input of U6 (inverting). Capacitor C3
then begins to charge through R17 and causes in in-
creasing negative voltage on the output of U6. During
counts of zero through 7, a positive voltage is applied
tc the gate of JFET Q3. Q3 conducts and capacitor C3

OUTPUT 0 1 2 3 4 5 6 7
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discharges through Q3 at a fast rate ecausing the
negative voitage at the U6 outpuat to increase to its

starting voltage level.
2-98. Video Decoder

The video decoder consists of 2 gate (U3A), inverter
(U4F), and level changer (Q1, G2). The “A” and ‘D"
outputs of the binary counter are applied to the input
of U3A. During binary counts 9, 11, 13, and 15, a logic
high occurs at the “A” and “D” outputs, producing a
logic low at the gate output (U3A). Binary counts
other than 9, 11, 13, and 15 produce a logic high at
U3A output. The output of U3A is applied to the input
of inverter (U4F). The function of the level changer
(Q1, Q2) is to change the positive voltage to a negative
voltage level. The level changer (Q2} is routed to con-
nector J10 as the ECCM video signal.

2-99. Deflection Decoder
(fig. 2-20)

The deflection decoder consists of 5 inverters (U4A
through U4E) and 3 gates (U3B, U3C, and U3D). The
following timing diagram shows the binary counter
output logic applied as input to the decoder and the
decoder output which is applied to the summer cir-
cuit.

2-100. Summer

The summer consists of an operational amplifier (U7)
and current buffer (U8). Operational amplifier (U7)
provides for a composite waveform of the output of
the ramp generator and the deflection decoder. The
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Figure 2-20. Deflection coder, timing diagram.
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ramp generator signal is applied to the inverting in-
put of U7. The deflection decoder waveform is applied
to the inverting input of U7. The deflection decoder
waveform is applied to the non-inverting input of U7.
The summed composite signal output of U7 consists
of a positive-going ramp voltage (binary counter
counts 8 through 15), followed by a low level voltage

(binary counter count zero). This is followed by &
positive-going pulse (binary counter counts 1 through
6}, followed by a low level voltage (binary counter
count 7). The U7 output waveform is applied to the in-
put buffer U8. U8 is used as a current source for ex-
ternal load requirements. The U8 output is routed to
connector J11 as the ECCM deflection signal.
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CHAPTER 3

DIRECT SUPPORT MAINTENANCE INSTRUCTIONS

Section |. INTRODUCTION

3-1. Scope of Direct Support Maintenance

This chapter contains the following direct support
maintenance functions for the test set group; bench
testing, troubleshooting, removal and replacement
procedures, repair procedures, cleaning, painting,
calibration, physical tests and inspection, and elec-
trical testing. The direct support maintenance
procedures supplement the maintenance procedures
contained in TM 11-6625—-1833-12.

3-2. Organization of Direct Support Main-
tenance

The maintenance duties assigned to direct support
maintenance personnel are listed in a through j below
together with references to the paragraphs covering
the specific maintenance function.

a Connector continuity checks (pars 3-11 through
3-14).

b. Bench tests[(para 3-18 through 3-33).
c. Troubleshooting through 3-33).
d. Removal and replacement procedures

[3-36).
e. Cable repair [(para_3-37).

f. Cleaning [(para_3-38).

g. Painting [(para _3-39).

h. Calibration through 3-43).

i. Physical tests and inspection [[para_3-45]through
3-48).

j. Electrical tests [(para_3-49).

3-3. Tools and Test Equipment Required for
Direct Support Maintenance

The tools and test equipment required to perform
direct support maintenance on the test set group are
listed in table 3-1 below.

Table3-1 . Tools and Test Equipment
Test Equipment Technical Manual Common Name
Muitimeter AN/USM—-223 TM 11-6625—366—15 Multimeter
T™ 11-6625—2658—14 Oscilloscope

Oscilloscope AN/USM-281C

Transformer, Variable Power,
General Radio Tvpe M—2G3

Voltmeter, Digital AN/GS} -
64B

Generator, Signal SG-1105/G

Tool Kit, Electronic Equipment
TK-105/G

Termination, 100-ohm HP10100B

TM 11-6625—444—14~1

SC-5180—-91-CL—-R07

Variable transformer
Digital voltmeter

Puilse generator
Toolkit

100-ohm termination

Section |I. TROUBLESHOOTING
WARNING

In normal operation, testing, and troubleshooting of the test set group, voltages up to
+640 volts at power levels sufficient to cause DEATH on contact may be present. It is
imperative that all warning notices in each particular procedure be observed and in-

structions complied with step by step.

3-4. General

organizational maintenance and any special or ad-

ditional techniques required to isolate a malfunction
to a defective part. The direct support maintenance

a. Troubleshooting at direct support maintenance
level includes all the techniques outlined for
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procedures are not complete in themselves but
supplement the procedures outlined in TM
11-6625-1833-12.

b. When trouble in the equipment oceurs, certain
observations, tests, and measurements can be made
that will aid maintenance personnel ir: iocalizing the
malfunction to a particular part. The test procedures
in this section are used to verify any malfunction or
trouble symptom reported by lower category of
maintenance. Additional troubleshooting techniques
are described in detail in paragraphs 3—6 through
3-10.

3-5. Organization of Troubleshooting Pro-
cedures

a. Troubleshooting the equipment consists of
performing a bench test on the equipment to deter-
mine any malfunction within the equipment. The
bench tests in this section are arranged in a
systematic manner and should be followed sequen-
tially as applicable. If, however, maintenance per-
sonnel desire to perform any test within this section,
it is necessary to perform the preliminary procedures
first.

b. Each bench test in this section is keyed to an
associated troubleshooting table. In addition, each
trouble symptom listed in the troubleshooting table is
also keyed to a particular step in the associated bench
test. This technique is used with all the
troubleshooting procedures in this section to locdize
a fault to a defective component, subassembly, or
module. After localization of a defective component,
subassembly, or module, it is replaced and the defec-
tive part is forwarded to a higher category of
mai ntenance.

c. The schematic and wiring diagrams contained in
this technica manual should be used by maintenance
personnel as aid when troubleshooting the equip-
ment. The wire lists in section V provide point-to-
point (from and to) data of each wire within the test
set group. This listing is presented in apha-numeric
sequence format including a designated identifying
wire number.

. Continuity checks for each front panel connector is
provided in[paragraphs 3-11] through 3-14. Checking
continuity of test set group cables is given in

[paragraph 3-37|
3-6. Troubleshooting with BITE

The test set group contains built-in test equipment
(BITE) to alert the equipment operator when a
malfunction occurs and to provide maintenance per-
sonnel with a means for determining the major cir-
cuit group in which a malfunction has occurred. The
BITE circuit is enabled when the BITE switch is in
the ON position. A failure indication detected by
BITE circuitry causes the FAILURE indicator lamp

3-2

on panel 1A2 to light. Paragraph 3—7 lists the circuits
whose failure will light the FAILURE indicator lamp.

3-7. FAILURE Light Indications

The FAILURE indicator lamp will light if an
overvoltage or undervoltage condition exists in a
horizontal sweep, vertical sweep, sweep video, or un-
blank circuit. When this indicator lamp is lit, refer to
the troubleshooting procedure for the following cir-
cuits:
a. Horizontal sweep troubleshooting, [(para_3-25).
b. Vertical sweep troubleshooting, (para 3-24).
c. Video compression troubleshooting, (para 3—28).
d. Unblank circuit troubleshooting. (nara 3—26).

3-8. SWEEP FAULT Light Indications

This lamp will flash when a fault exists in video
amplifier IA2A6, sweep generator 2A4, or horizontal
amplifier 2A2. Refer td_paragraphs 3-24,3-25, and

3-28 for troubleshooting these circuits.

3-9. INDICATOR FAULT Light Indications

This lamp will flash when a fault exists in the
indicator fault line.

3-10. SERVO FAULT light Indications

a. This lamp will flash when a fault exists in one or
more of the following circuits:
(1) Servoamplifier 2A5.
(2) Servo loop circuits (synchros, drive gears,
reduction gears, etc.).
b. For locdizing the fault to a specific circuit or
component, refer to[paragraph 3-19] or 3-20.

3-11. Connector Continuity Test

a. General. The following tests are to be performed
on al multipin electrical connectors of the test set
group. Most panel mounted multipin connectors have
an array of numbered test points located adjacent to
the connector. There is one test point in an array for
each associated connector pin. The test points
associated with rectangular shaped multipin  connec-
tors are numbered to correspond to the number of the
connector pin to which they are connected. The test
points associated with the round shaped multipin
connectors are also numbered but the test point
numbers in the array do not correspond to the connec-
tor pin designations in their associated connectors
since the connector pins are lettered. A cross-
reference between test point numbering and connec-
tor pin lettering is provided in[fable 3-2

NOTE
Some connectors do not contain al 41 pins
listed in[fable 3-2]




b. Test Equipment Required. The only test equip-
ment required for the connector continuity test is
Multimeter AN/USM-223.

¢ Test Commections and Conditions.

(1) The continuity tests are performed with the
test set group disconnected from all other equipment.

{2) Perform the continuity tests (para 3-12
through 3—14). Connect the multimeter as directed in
the test procedures. Refer to the wire list in
paragraphs 3-51, 3-52, 3-53 if abnormal
measurement indications are encountered.

Table 3-2. Test Point-Connector Pin Cross-Reference

Teast Connector Test Connector Test Connector
Point No. Pin Letter Point No. Pin Letter Point No. Pin Letter

1 A 15 R 29 f
2 B 16 S 30 g
3 C 17 T 31 h
4 D 18 U 32 i
5 E 19 v a3 j
6 F 20 w U k
7 G 21 X 35 m
8 H 2 Y 36 6
9 J 23 Z 31 P
10 K 24 a 38 q
11 L 25 b 39 r
12 M 26 [ 40 8
13 N 27 d 41 t
14 P 28 e

3-12. Indicator Simulator (Unit 1A1) Cennec-
tor Continuity Procedure

a. LOW VOLTAGE POWER SUPPLY Connector
JI. Refer to[fable 3-7 and measure the resistance
between the test points and associated pins of connec-
tor JI with the multimeter. All resistance
measurements should be less than 0.5 ohm, except
those made at test points 4, 5, 7, 9, 16, 17, and 19
through 26. Measurements made at these test points
should indicate infinite resistance.

b. HIGH VOLTAGE REGULATOR Connector J2.
Refer to[fable 3-2 and measure the resistance
between the test points and associated pins of connec-
tor J2 with the multimeter. All resistance
measurements should be less than 0.5 ohm, except
those made at test points 4, 5, 7, 8, 9, 10, 25, and 27
through 41. Measurements made at these test points
should indicate infinite resistance.

¢. METERING ROLLER DRIVE Connector J3.
Refer to table 83~2 and measure the resistance
between the test points and associated pins of J3 with
the multimeter. All resistance measurements should
be less than 0.5 ohm except those made at test points
16, 17, 18, and 19. Measurements made at these test
points should indicate infinite resistance.

d. RACK/RO-495/U Connector J4. Refer to table
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3-2 and measure the resistance between the test
points and associated pins of J4 with the multimeter.
All resistance measurements should be less than 0.5
ohm except those made at test points §, 8, 21, 22, 23,
26, 27, 32 through 38, and 40. Measurements made at
tnese test points should indicate infinite resistance.

e. HIGH VOLTAGE SUPPLY Connector J5. Refer
to table 3—2 and measure the resistance between the
test points and associated pins of connector J5 with
the multimeter. All resistance measurements should
be less than 0.5 chm except those made at test points
4, 5, 6, 7, 15, 16, 17, 20, 21, and 26. Measurements
made at these test points should indicate infinite
resistance.

f ADAS SIMULATOR Conmector J7. Refer to
[fable 3-3 and measure the resistance between the
test points and associated pins of J7 with the mul-
timeter. All resistance measurements should be less
than 0.5 ohm except those made at test points 2, 4
through 11, 13, 14, and 16. Measurements made at
these test points should indicate infinite resistance.

g. ADAS DEMAND Connector J9. Refer to tabld
[3-Z] and measure the resistance between the test
points and associated pins of connector J9 with the
multimeter. All resistance measurements should be
less than 0.5 ohm except those made at test points 3,
5, and 7 through 10. Measurements made at these test
points should indicate infinite resistance.

3-13. Indicator Simulator (Unit 1A2) Con-
nector Continuity Procedure

a YOKE DRIVE Connector J. Refer td table 3-2)
and measure the resistance between the test points
and associated pins of connector JI with the mul-
timeter. All resistance measurements should be less
than 0.5 ohm.

b. RACK/SWEEP Connector J10. Measure the
resistance between the test points and associated pins
of connector J10 with the multimeter. All resistance
measurements should be less than 0.5 ohm, except
those made at test points 52,68,89 through 92,94,95,
and 100. Measurements made at these test points
should indicate infinite resistance.

c. INDICATOR/SWEEP Connector- J11. Measure
the resistance between the test points and associated
pins of connector J11 with the multimeter. All
resistance measurements should be less than 0.5 ohm,
except those made at test points, 6,12,19,20,25,26,
31,34,48,53,56,60,62, and 63. Measurements made
a these test points should indicate infinite resistance.

d. YOKE LOAD Connector J14. Refer td_table 3-2
and measure the resistance between the test points
and associated pins of connector J14 with the mul-
timeter. All resistance measurements should be less
than 0.5 ohm.

e. HIGH VOLTAGE REGULATOR Connector J15.
Refer to[fable 3-2 and measure the resistance

3-3
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between the test points and associated pins of connec-
tor J15 with the multimeter. All resistance
measurements should be less than 0.5 chm, except
those made at test points 4, 5, 7 through 10, 25, and 27
through 41. Measurements made at these test points
should indicate infinite resistance.

J. Connector J16. This connector is not used.

g. NAV SIM/RACK Connector J18. Refer to table
3 - 2 and measure the resistance between the test
points and assoclated pins of connector J18 with the
multimeter. All resistance measurements should be
less than 0.5 ohm, except those made at test points 11
and 12. Measurements made at these test points
should indicate infinite resistance.

h. ADASRACK Connector J29. J20. Refer th table 3-2
and measure the resistance between the test points
and associated pins of connector J20 with the mul-
timeter. All resistance measurements should be less
than 0.5 ohm, except those made at test points 7
through 10. Measurements made at these test points
should indicate infinite resistance.

i. | BOX/RACK Connector J22. Refer to[table 3-2|
and measure the resistance between the test points
and associated pins of connector J22 with the mul-
timeter. All resistance measurements should be less
than 0.5 ohm, except those made at test points 1, 10,
and 11. Measurements made at these test points
should indicate infinite resistance.

j- RCDR/RACK Connector J24. Refer td table 3-2
and measure the resistance between the test points
and associated pins of connector J24 with the mul-
timeter. All resistance measurements should be less
than 0.5 ohm, except those made at test points 21,22,
23,27,34, and 40. Measurements made a these test
points should indicate infinite resistance.

k. RGP/RACK Connector J26. Refer to fable 3-2|
and measure the resistance between the test points
and associated pins of connector J26 with the mul-
timeter. All resistance measurements should be less
than 0.5 ohm, except those made at test points 8,17,
18, and 20. Measurements made at these test points
should indicate infinite resistance.

3-14. Generator Simulator (Unit 2) Con-
nector Continuity Procedure

a. SWEEP/INDICATOR Connector JI. Measure
the resistance between the test points and associated
pins of connector JI with the multimeter. All
resistance measurements should be less than 0.5 ohm,
except those made at test points 19,20,25,26,31,34,
48,53,56,60,62, and 63. Measurements made at these
test points should indicate infinite resistance.

b. SWEEP/RACK Connector J2. Measure the
resistance between the test points and associated pins
of connector J2 with the multimeter. All resistance
measurements should be less than 0.5 ohm, except
those made at test points 52,68,84,89,90,91,92,95,

3-4

and 100. Measurements made at these test points
should indicate infinite resistance.

¢. SWEEP CONTROL Connector J3. Measure the
resistance between the test points and associated pins
of connector J3 with the multimeter. All resistance
measurements should be less than 0.5 ohm, except
those made at test points 89, 80, 91, 92, 98, 99, and 100.
Measurements made at these test points should in-
dicate infinite resistance.

d. CONTROL/SWEEP Connector J4. Measure the
resistance between the test poir‘: and associated pins
of connector J4 with the mu''ineter. All resistance
measurements should be less than 0.5 ohm, except
those made at test points 89 through 92, 94, and 98
through 100. Measurements made at these test points
should indicate infinite resistance.

e. LOW VOLTAGE POWER SUPPLY Connector

J5. Refer to[fable 3-2 and measure the resistance

between the test points and associated pins of connec-
tor J5 with the multimeter. All resistance
measurements should be less than 0.5 ohm, except
those made at test points 4, 5, 7, 9, 17, and 19 through
26. Measurements made at these test points should
indicate infinite resistance.

3-15. Test Set Group Functional Tests
(fig. [(EQ-4)

a. Genera. The following tests are required to elec-
tricaly test the test set group. A basic test setup is
used for al testing. Modifications to this test setup
are described in individua test procedures. Each test
is associated with a troubleshooting table which im-
mediately follows the test. Primary power required
for test set group operation is 115 vac, 400 Hz and +28
vdc.

b. Tools and Test Equipment Required. The tools
and test equipment listed in table 3-1 are required
for the test set group functional tests.

c. Basic Test Setup. Remove all cables stored in the
upper cover of the generator simulator. Prepare the
test set group for the functiona tests as follows:

(1) Arrange the equipment on a suitable
workbench in the following left-to-right order: in-
dicator simulator (unit |A2), generator simulator
(unit 2), and indicator simulator (unit 1Al).

(2) Open (pull out) AC, DC, LOW VOLTAGE cir-
cuit breskers on unit 1A2.

(3) Connect interconnecting cables to the test set
group as illustrated in figure FO-4. Additions and/or
modifications are given in individua test procedures.

(4) Set dl switches and controls to the off, down,
or fully counterclockwise position.

d. Initial Test Equipment Calibration

(1) Apply power to the oscilloscope,, digital
voltmeter, variable transformer, and pulse generator
and dlow a 15 minute warmup period prior to per-
forming tests




(2) After the test equ:pment has warmed up,
adjust the variable transformer for 115-volt ac output
(line to neutral) using the digital voltmeter.

e Initial Waveform Instructions.

(1) For all waveform displays, connect the A in-
put of the oscilloscope as directed by the test
procedure and the low or ground terminal of the os-
cilloscope to chassis ground.

(2) The oscilloscope may be triggered internally
or the SWEEP GATE output jack 1A2JR may be con-
nected externally to trigger the oscilloscope to obtain
a readable display during testing.

(3) Waveforms are presented for the conditions
specified in the test procedures and waveform il-
lustrations.

WARNING
When power is applied to the test set
group, potentials in excess of +640 vde,
+100 vde, and 115 vac exist in Test Set
Subassembly MX-8638A/APS-94D and
potentials of +640 and -531 vdc exist
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throughout the test set group. Exercise ex-
treme caution when power is applied to
avoid contact with any exposed connector
terminals. Contact with these voltages
may result in injury or DEATH.

NOTE

Each test in this section is organized in a
systematic manner to assure that a com-
plete test is performed. Connect the test
equipment as directed in the test
procedure. The tests are arranged to be
performed in the sequence given. Should a
random test be performed, make sure that
all the preliminary steps given in
[paragraph 3-15 above have been ac-
complished.

3-16. Primary Power Distribution Trouble-
Shooting

a Bench Test. Perform the primary power distri-
bution bench test as described in|_table 3-3| below.

Table8—8 Primary Power Distrbution Test

Control Settings
Step Performance
No. Test Procedure Standard
Test Equipment Equipment Under Test
1 None Unit 1A2; Verify that the blower mector in unit | Blower motor does not run in unit
DC RESET: Press 1A1 -snotrun. 1Al
Down
ACRESET- Press
Down
Unit 2
POWER: ON
2 Digital voltmeter After a 2 minute warmup, measure
Power: ON the voltage level between the fol-
RANGE. AUTO lowing test points
FUNCTION: VAC a 1A2J11-57 and 2J2-56 a 115+ 10 vac
b 1A2J)11-58 and 2J2-56 b 115+ 10vac
¢ 1A2J11-5% and 2J2-56 ¢ 115 % 10 vac
Unit 1A2 d 1A1J1-1and 2J2--56 d 115+ 10vac
LOW VOLTAGE e 1A1J1-2and 2J2-56 . e 115+ 10vac
RESET Pressdown f 1A1J1-3 and 2J2-56 f 115+ 10 vac
g Verify that the blower motor g Blower motor operating
in unit 1A1 is operating.
h 2J4-1and 2J4-2 h 26 £2vac
8 Digital voltmeter Measure the voltage level between
RANGE AUTO the following test points
FUNCTION: VDC a. 1A1J2-18(+)and a +28+2vde
1A1J2-19¢(-~)
b 2J4-22(+)and 2J4—-23(-) b +28 £ 2vde
¢ 2J4-22(+)and 1A2J20-12(-) ¢ +28 + 2vdc
d 2J4-12(+)and 1A2J20-12(-) d +28 +2vdc
e 1A2)22-19(+)and 1A2J15-19(-)}] e +28 £2vdc
S 1A2J10-09(+)and 1A2J11-27(-)] f +28+2vde
4 Digital voltmeter Unit 1A2 ILLUM ON Measure voltage level between the
RANGE: AUTO following test points
FUNCTION: VAC 2J4-3 and 2J4-101 48 +04vac
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b. Troubleshooting Procedure. The following
procedure is used when a fault is suspected in the
primary power distribution circuits of the test set

in the test set group. Figure[FO-5| shows the primary
power distribution and control system of the test set
group and will be an aid to the technician when

group. Primary power is defined asthe distribution of

the 115 vac, 400 Hz, 3-phase and 28 vdc bench power

troubleshooting.

Table 3-4. Primary Power Distribution Troubleshooting

Checks and Corrective Actions

a. AC RESET circuit breaker on
b LOW VOLTAGE RESET circuit

e Defective overvoltage protector

a. AC RESET ciremt breaker on
b LOW VOLTAGE RESET circuit

a. Open DC RESET circuit breaker

b Defective wirmmg W10 or con-

a Defective low voltage power sup-

a AC RESET crcuit breaker on
b LOW VOLTAGE RESET circuit

Tlem Trouble Symptom | Probable Trouble
1 115 vac not present at test points
1A1J1-1, -2, and -3 (all mea- panel 1A2 is open
surements referenced to neutral
line test point 2J2-56). breaker on panel 1A2is open
¢. Defective wiring or connectors
d. 1A2K1 inoperative
module 1A2A5.
2 Blower motor inoperative.
panel 1A218 open
breaker on panel 1A2 15 open.
¢ Defective wiring or conncctors
d. Defective blower motor
3 With the POWER switch of unit 2
in the ON position, +28 +2 vde is on 1A2 panei.
not present at any of the following
test points. nector 1A2J12
Test Pount Reference
1A1J2-18 ... .. . 1A1J2-19
2J4-22 . coee. 2J4-23
2J4-22 .. 1A2J20~12
2J4-12 . . ... 1A2J20-12
1A2J22-19 ... .... 1A2J15-~19
4 +28 vdc not present at test point
1A2J10-59 (referenced to 28 vde ply and regulator 1A2A3
return at test point 1A2J11--27) |b Defective wiring or connector
or not within £0.05 vdc tolerance,
test points of 3 above are normal
5 28 vdc not present at cne or more |Defective wiring or connector
of the test points given in 3 above
At least one test point indicates
normal voltage
6 4.8 vac not present between test
points 2J4-3 and 2J4-101. panel 1A21s open.
breaker on panel 1A2 is open

a. Reset circuit breaker.
b Reset circuit breaker.

¢ Measure for 115 vac at test points 1A2J22—
3, —4, and -5 referenced to test point
1A2J22~-6 H present, defective wiring is
indicated Check wiring Refer to wiring
lists (section V) If voltage is not present,
measure for presence at bench input to
the test set group.

d Check for presence of 2¢ vdc at test point
1A2)22~19 (referenced to ground at 2J3-—
23) If present, chassis 1A2 must be re-
moved and relay 1A2K1 checked, remove
and replace if defective (fig. 3—8)

NOTE: Relay 1A2K1 is operative if the
POWER ON light on panel 1A2 is illumi-
nated or the blower motor of panel 1A1 is
operating
e Replace overvoltage protector
1A2A5(fig 3-7)

a. Reset circuit breaker

module

Reset circuit breaker

o

Same as item 1c above
Replace blower motor

Reset the circuit breaker

F o

Check wiring Refer to wiring lists paras
8-51,3-52,and 3—53

o

a Replace 1A2A3 (fig 3—7) If still abnormal,
proceed to & below

b Check wiring Refer to wiring lists psras
3-51,3-52, and 2 ~53.

Check wiring Refer to wiring hsts (paras
3-51, 3-52, and 3—-53)

a Reset circuit breaker

b Reset circuit breaker
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Table 3-4. Primary Power Distribution Troubleshooting - Continued

$rame = xs . ae Fhnolin amd Vommeonbive A stiana
K Trouble Symptom Pzobabie Trouble Unocs ana LoTeciive adlicas
¢. Defective wiring or connector ¢. Check wiring. Refer to wiring lists (paras
8-51, 3-52, and 3—53).
d. 1A2K1 relay inoperative. d. Replace 1A2K1 relsy (fig. 3—8).
e. Defective tranaformer 1A1T2, e. Replace transformer 1A1T2.
f. Defective switch 1A2S1. J. Replace switch 1A2S1.
4 26 vac not present between test | & AC RESET circuit bresker on | a. Reset circuit breaker.
ints 2§41 and 2J4—-2. panel 1A2is open.
P b. Defective transformer 1A1T2. b. Replace transformer 1A1T2,

3-17. Low Voltage Power Supplies Trouble-
shooting

a. Bench Test. Perform the voltage_power
supplies test as described in table 3 5 belowg Rgfer to

WARNING

Dangerous voltages exist in these circuits.
Use extreme care when making voltage

figure [FO-6] for location of test points in units 1A1 measurements
and 1A2,
Table 3-5. Low Voltage Power Supplies Test
Control Sectings
Step Performance
No. Test Procedurz Standard
Test Equipment Equipment Under Test
1 Digital voltineter: Mcae Measure voltege level between the
RANGE: AUTO following test points:
FUNCTION: VDC a 1A1J1-8(+)and 1A1J1-14(-) | a. +200 x0.2 vde.
b 1A11-6(-)and 1A1J1-14(+) | b. -20.0 0.2 vde.
c. 1A11-10(-)and 1A1J1-14(-) c. -28.0 £1.0 vde.
d 1AU1-11(+)and 1AJ1-14(-) | d +63 0.2 vde.
e. 1AMN1-12(+)and 1A1J1-14(-) | e +101 £3.0 vdec.
f 1AU1-13(+)and 1A151-14(-) | f +640 £40.0 vde.
g 1AL1-18(+)and 1AM1-14(-) | g +531 £12.5 vde.
2 Digital volumeter None a. Remove 18 screws from the | ¢ None.
RANGE. AUTO front panel of Uanit 1A1.
FUNCTION: VDC b Remove panel 1A1 & None.
from the cabinet
¢ Place the +28 volt regulated ¢ None.
power supply and high voltage
loads card (1A1A2) on extender.
d. Measure voltage level between | ¢ Voltages should be as follows:
the following test points:
(1) 1A1J3-1(+)and 1ALJ3—-2(-) (1) +28.0 £2.0 vde.
(2) 1A1J4-6(+)and 1A1J4-7(-) (2) +28.0 £2.0 vde.
(3) 1A1A2-T(+) and 1A1A2~1(-) (3) + 5.0 £0.2 vde.
e Remove card 1A1A2 from the | ¢ None
extender and replace back in
panel 1A1
3 Digital voltmeter- Unit 1A1- Measure voltage level between the
RANGE: AUTO HIGH VOLTAGE ON following test points.
FUNCTION: VDC 1A1J5-1(+)and 1A1J5—-2(-). 26.00 +0.030 vde
4 Digital voltmeter. Unit 1A2 a Place the low voltage power ]| a. None
RANGE: AUTO VERTICAL GFFSET supply regulator card (1A2A3)
FUNCTION: VDC OVERRIDE. ON on extender
b Measure voltage level between 1 & Voltages should be as follows:
the following test points:
(1) 1A2)24-39(+)and (1) +20 0.5 vde
1A2J11-27(-)
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Table 3-5. Low Voltage Power Supplies Test - Continued

Control Settings
Step Performance
No. Test Procedure Standard
Test Equioment Equipment Under Test
(2) 1A2A3-J (+)and 1A2A3-1(-) (2) +28 +2C vde
(3) 1A243-V (+)and 1A243-1¢(-) (3) + 5+02vde
(4) JA2A3-4(-)and 1A2A3~1(+) (4) - 5+02vde
c. Remove card 1A2A3 from the | ¢ None
extender and replace back in
panel 1A1.
d Replace panel 1A2 back in { d None
cabinet.
e Replace 18 screws on the front | ¢ None
panelof 1A1
5 Digital voltmeter- None Measure voltage level between the
RANGE: AUTO following test points
FUNCTION- VDC a 1A1J2-16(+)and 1A1J2-11(-) | @ +15 £02vdc
b 1A1J2-17(-)and 1A1J2-11(+) | b -15 %0 2vdc
b. Troubleshooting Procedure. The following
WARNING

procedure is used in troubleshooting the low voltage
system of the test set. Secondary power distribution
and control circuits are shown in figure[FO-6 and
will be an ad to the rapairman when troubleshooting.

Dangerous voltages exist in the low voltage
power supply circuits. Use extreme care
when troubleshooting these circuits.

Table 3-6. Low Voltage Power Supply Troubleshooting

Ilt:;n Trouble Symptom Probat:ic I'rouble Checks and Corrective Actions
1 Abnormal or no voltage measured | e AC RESET or LOW VOLTAGE | a Reset circuit breaker and retest for cor-
&t one or more of the following RESET circuit breaker on un:t rective voltages
test points (referenced to signal 1A2 open.
ground at test point 1A1J1-14): b Defective low voltage power sup- | b Check for presence of 115 vac at test points
ply 1A1A3 1A1J1-1, -2, and -3 referenced to neutral
1A1J1-8 (+21vde) at test point 2J2-56 If present, replace
1A1J1-6 (-20 vdc) low voltage power supply 1A1A3 (fig 3—-4)
1A1J1-10 (-28 vde) If not present, refer to the primary power
1A11-11 (+6.3 vde) distribution troubleshooting procedures
1AlJ1 -12 (+100 vdc) (para 3-16)
1AJ1-13 (+640 vde) | ¢ Defective low voltage regulator | ¢ Replace low voltage regulator 1A1A4
1A1J1-18 (+531 vde) 1A1A4 (fig 3-3)
2 Abnormal or no voltage measured | a. AC RESET circuit breaker on | @ Reset circuit breager
at one or more of the following umt 1A2 open
test points (referenced to ground | b Relay 1A2K1 defective or in- { b Check for presence of +28 vdc at test
at test point 1A2J22--23) operative point 1A2J22—19 (referenced to ground at
1A2J24~15 (+2¢ vde) test point 2J3—23) If present, chassis 1A2
1A2J16-10 (+28 vde) must be removed and 1A2K1 checked, re-
1A2J24-39 (+20 vde) move aad replace if defecuive (fig 3—8)
NOTE: Relay 1A2K1 1s operative 1if the
POWER ON hight on panel 1A2 1 1llumi-
nated or the blower motor of panel 1Al
18 nperating
¢ Defecuive iow voltage power sup- | ¢ Replace the low voltage power supply and
ply and regulator 1A2A3 regulator 1A2A3 (fig 3—-7)
3 Abnormal or no +28 vdc regulated | AC RESET or LOW VOLTAGE | Reset circuit breaker

voltage at the test point 1A1J4—€
(referenced to ground)

RESET circutt breaker on umt
1A2 open
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Table 3-6. Low Voltage Power Supplies Troubleshooting - Continued

%&m Trousle Symptom Probable Trouble Checks and Carrective Acticas
‘ 4 Abnormal or no veltage measured | Defective low voltage power supply
} at ome or more of the following and regulator.
‘ connector puns (referenced to sig- a. Cheek for presence of 26 vaec between pirs
| nal ground at gin 1| of connector 1A2A3-A, :A2A3-B, and 14243-C.
{1A243 b. Check for presence of 7.4 vac between pins
1A24%-2 (+20 vdey 1A2A3-K, 1A2A3~L, and 1A243-M.
tA243-3 (+28 vde) ¢ Check for presence of 8.1 var between pins
1A2A3-Y {+ 5vdey 1A2A3-20, 1A2A3~-Z1, and LAZA3-22.
TA2A2-4 - 5vdey d If above voitages are present replace the
low voltage power supply and reguiator
(fig 3—-4). If not present, refer to the
| £ primary power distribution treableshooting
‘ ¢ procedures (para 3—16).
‘ 3 Abnormal or no voltage measuved | Defective +28 voit regulated power | Check for presence of 43 vac between pins
| at one or moi= of tiae follewing supply and high voltage loads. 1A1A2-18 and 1A1A2- V. If present, replace
‘ connestor pins {reicrenced to sig- the +28 volt regulated power supply and
nal ground at pin 1 ¢f connector high voltage lcads (fig. 3—~4) If not present,
1A1A2) refer to figure FO-5
1A1A2-Y {+28 vde)
iAIA2--S (+28 vdr)
1A1A2-2C {(+28 vdo)
1A1A2-T (+ 5vdc)
1 Abnormal or no voltage measured
at one or more of the follswing
test points (referenced to ground
at test point 1A1J2—-11)
" a 1A1J2—-16(+15 vde). @ One or more of the following {a Replace one or more of the following com-
components defective: ponents:
(1) Offset amaplificr (2A6) (1) Offset amplifier 246 (fig. 3—12).
(2) Regulator transistor 2Q1 (2) Regulator iransistor 2Q1 {fig. 3—12).
(3) Lew voltage power supply (3) Check for presence of i15 vac at test
1A1A3 points 1A1J1-3, —2, and —~3 referenced
to neutral at iest point 2J2—56. If pres-
ent, replace low voltage power supply
1A1A3 (fig 3—4). If not present, refer
to primary power distribution trouble-
shooting procedures (para 3—16).
b 1A1J2-17(-15 vdc) b. Same as item 6a above b Sameasitem 6a above.
i 26 vdc not present at test points | a. +28 vde not presentat 1A2J2—18. |« Refer to primary power troublesheoting
1A1J5-1(+)and 1A1J5-2(-). (para 3—16).
b Defective power supply 1A1PS1 b Replace power supplv 1A1PS1 (fig. 3—4).

3-18. Panel Lights Troubleshooting

a Bench Test. Perform the panel lights bench test as described in[table 3-7]below.

Table 3-7. Panel Lights Test

Control Settings
i;gp Test Procedure Pesrtt:;(r;::;ce
Test Equipment Equipment Under Test
1 None CUnit2 Observe all panel lights on this unit All lights illuminate
PANEL LIGHTS
TEST
2 None Unit 1A2 Observe zll panel hgits on this unit All lights illuminate
PANEL LIGHTS
TEST
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Table 3-7. Pand Lights Test - Continued

Step Performance
No. Test Procedure Stendsrd
Test Equipment Equipment Under Test
3 None None Observe POWER on lamps on unit | All lights illuminate.
1A2and unit2,
4 Nozne Unit 1A): HIGH VOLT- | Observe HIGH VOLTAGE panel | Lightilluminate
AGE power supply: ON light on this unit.
5 None Unit 1Al: Jumper be- | Observe MAP ON panel light on this | Light illuminates
tween test points unit.
1A1J4-6 and 1ALJ4~
13

b. Troubleshooting Procedure. The following procedure is used in troubleshooting the panel lights on'the

test set group.
Table 3-8. Pandl Lights Troubleshooting
lxw:' Trouble Symptom Prcbable Trouble Checks and Corrective Actions
1 HIGH VOLTAGE ON lamp cn panel | Defective HIGH VOLTAGE switch | Check HIGH VOLTAGE switch (fig 3-3) and
1A1 fails to light when HIGH 1A1S2. replace if necessary.
VOLTAGE switch of panel 1A1 is
operated to ON position.
2 Panel lights fail to light when | a. Unit2. Defective switch S10. a. Replace switch S10(fig 3~11)
PANEL LIGHTS switch on panel | & Unit 1A2 Defective switch S2. b. Replace switch S2 (fig. 3—16)
1A2 or panel 2 is set to TEST.
3 POWER ON lamps on panel 1A20r2 | Defective relay 1A2K1. Check for presence of +28 vdc at test points
fail to light. 1A2J22-19 (referenced to ground at 2J3—23).
If present, and POWER ON lamp fails to
light, chassis 1A2 must be removed and re-
lay 1A2K1 checked (fig 3—8)
4 MAP ON lamp on panel 1A1 fails to | Defective lamp. Replace lamp
light.

3-19. Servo Loop Troubleshooting
a. Bench Test. Perform the servo loop bench test as described in[fable 3-O]below.

Table 3-9. Servo Loop Test

Step Control Settings T Performance
No. - ‘est Procedure Standard
Test Equipment Equipment Under Test
1 None Unit2 Observe GS/DFT indicator dial and | GS/DFT indicator diwal nulls and
NAVIGATION AUTO SERVO FAULT indicator l=mp on SERVO FAULT indicator lamp is
SERVOLOOP GS unit 2 extinguished
GS/DFT DRIVE ON
Unit 1A2
NAV SIM. 15R
2 None Unit 2. Sameas 1above . GS/DFT indicator dial does not null
GS/DFTDRIVE OFF and SERVO FAULT indicator
UNIT 1A2 lamp flashes
NAVSIM: 10R
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Table 3-9. Servo Loop Test - Continued

Control Settings
Step Performa.ice
Nao. Teat Procedure Standard
Teat Eguipment Equipment Under Test
3 None - Unit 2 Sameaslabove ......... ........ GS/DFT indicator dial nulls and
GS/DFTDRIVE: ON SERVO FAULT indicator lamp is
Unit 1A2Z: extinguished.
NAVSIM:0
4 None Unit 2: Sameaslabove .. ........ .... GS/DFT indicator dia! does not rull
SERVO LOOP: DFT and SERVO FAULT indicator
GS/DFTDRIVE. OFF lamp flashes.
Unit 1A2:
NAVSIM 5R
5 None Unit 2. Sameas 1 above GS/DFT indicator dial nulls and
g3/DFT DRIVE: ON SERVO FAULT indicator lamp
Unit 1A2: 18 extinguished.
NAVSIM 15R
] None Unit 1A2: Same as 1 above GS/DFT indicator dial nulls and
NAVSIM.0 SERVO FAULT indicator lamp is
extinguished.
1 None Unit 2: Sameag 1 above GS/DFT indicator dial remains at 0
GS/DFT DRIVE: OFF and SERVO FAULT indicator
lamp remains extinguished.
8 Non2 Unit2: Sameas1above . .. GS/DFT indicator dial does not nul}
NAVIGATION: GS and SERVO FAULT indicator
GS/DFT DRIVE: ON lamp remains extinguished.
Unit 1A2
NAV SIM: 15L
9 None Unit 2. Sameas 1 above GS/DFT indicator does not nutl and
NAVIGATION- servo fault lamp remains ex-
MANUAL tinguished.
10 None Unit 2 Sameas 1 above . GS/DFT indicator dial does not nulil
SERVO LOOP.GS and SERVO FAULT indicator
lamp remains extinguished.
11 None Unit 2. Same as 1 above GS/DFT indicator dial nulls and
NAVIGATION GS SERVO FAULT indicator lamp is
extinguished.

b. Troubleshooting Procedure. The following
troubleshooting procedure will aid in localizing a ser-
vo loop trouble symptom to defective servo amplifier
2A5 or to the remaining components of the servo loop.
If the trouble is determined to be in the servo loop but
not in the servoamplifier, a more detailed procedure
is required to localize a specific synchro, control, or
gear train. For this reason a supplementing test

procedure [para 3-20) follows the troubleshooting
table. This procedure is used when replacement of
servoamplifier 2A5 does not remedy the trouble
symptom. It is not intended to be used as a perfor-
mance test of the servo loop. The simplified wiring
diagram shown in figure [FO-7] shows cables, wiring,
components, and test points pertaining to the servo
loop.
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Table 3-10. Servo Loop Troubleshooting

Trouble Symptom

Probable Trouble

Checks and Correetive Actions

Rem
No.
1 GS/DFT indieator fails to null and
SERVO FAULT light remains on
with the following test set control
settings:
NAVIGATION. AUTO
GS/DFT DRIVE: ON
NAVSIM: 15R
SERVO LOOP: Operate from GS

to DFT positicn and return to DFT
after 20 seconds.

a. Defective servo amplifier 2A5.

b. Defective synchro, relay, stepping
motor, or reduction gear of the
servo loop (fig FO-T)

3-20. Servo Loop Supplementary Tests for

Troubleshootin
(fig—3-1 and:gEO_;Zb
a. Test Equipment Required. Voltmeter, digital
AN/GSM-64B and Oscilloscope AN/USM-281C.

b. Test Connections and Conditions.
(1) Set up the equipment as instructed in

(2) Operate the test set group controls to the
following positions:

CONTROL POSITION LOCATION
NAVSIM 0 Unit 1A2
NAVIGATION ATTO Unit 2
SERVO LOOP DFT Unit 2
GS/DFT DRIVE o Unit2
POWER ON Unit 2

{All other test set group controls may be in any position)

a Replace servoamphfier 245 (fig 3—-10)

b U GS/DFT indicator fails to null in either
oouiion (GS or DFT) of the SERVO LOGP
switeh, and replacement of servoamph:-
fier 2A5 does not remedy the trouble
symptom, perform the detailed servo test
of para 3—20. Replace any defective com-
ponent(s) and realign synchros 1AZB1
and 2B2 (para 3—41 through 3—-43).

c. Initial Test Equipment Calibration. None Re-
quired.

d. Procedure. The following procedure
supplements the servo loop test of_paragraph 3-191
This procedure will be used as an aid to
troubleshooting the servo loop when replacement of
servo amplifier 2A5 does not remedy the trouble
symptoms, and is not intended to be used as a perfor-
mance test of the servo loop. PROBABLE
DEFECTIVE COMPONENTS ARE SHOWN IN
PARENTHESES BELOW EACH STANDARD IN
THE PERFORMANCE STANDARD COLUMN. The
servo loop wiring diagram of figure[FO-7] shows
cables, wiring, components, and test points per-
taining to the servo loop.

Servo Loop Supplementary Test

Test Procedure

Performance
Standard

Table 3-11 ..
Step Control Settings
No. Teat Equipment Equipment Unde- Teat
1 Digital voltmeter- None
function; ac
RANGE- AUTO
2 Digital voltmeter. | Unit2:
FUNCTION: DC SERVO LOOP: GS
3 Csceilloscope Unit2.
VOLTS/DIV-2 NAVIGATION:
TIME/DIV: 2ms MANUAL
SERVO LGOP: DFT
VERT MODE: Unit 1A2:
ADD NAV SIM: 15R
NOTE
Two oscilloscope
probes required.
4 None None

3-12

a. Measure the voitage between test
poinis 1A2J18-8 and 1A2J18-9
b Measure the voltage
between test points 2J4—1 and
2J4-2
Measure the voitage between test
points 1A2J11~61 and 1A2J11-49
(28 vde return)

a. Place the scope probes between
test pomnts 1A2J18-13 and
1A2J18-14

b Manually vary the NAV SIM con-
trol on unit 1A2 throughout its
range

Repeat b above with the oscilloscope
probes beiween test points 2J4—17
and 2J4-18

a 26 £ 2 vac (1AZT1, fig 3-7) or
(1A2K]1, fig 3-8)

b 26 + 2 vac (1A2T1, fig 3—17) or
(1A2K1, fig 3-8)

+07+£02vde(1A2Q1)

a 15+ 2vac(1A2B], fig 3-8)

b The osciiloscope indication shall
be mimmum when the NAV
SIM control 1s at zero, and shall
peak to 15 + 2 vac at 15R and
15L (1A2B1, 1A2K5 or 1A2K6,
fig 3—6or 3—8)

Same as 3 above
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Control Settings
Step Performance
No. Test Procedure Standard
Test Equipment Equipment Under Test
5 F .. . ... Unit2: a. Place the oscilloscope probes be- | c. Same as 3 above.
NAVIGATION: tween test points 1A2J18-5
MANUAL and 1A2J18-6.
SERVOLOOP:GS
Unit 1A2: b. Maaually vary the NAV SIM con- | b The oscilloscope indication shall
NAVSIM:i5R trol throughout its range. be minimum when the NAV
SIM contro! is at zero, and shslil
peak to 15 + 2 vac at 15R and
15L.
6 None None Repeat 5 above with the oscilloscope | Same as 5 above.
probes between test points 2J4—14
and 2J4-15.
7 None Unit 2: Disconnect cable W4 from jack | None
POWER OFF 1A2J18. Connect jumper cables
and the digital voltmeter as shown
in A, figure 3—-1.
8 Digital voitmeter: Unit 2 Operate the NAV SIM control on | NAV SIM control shal! indicate 0 % 4
FUNCTION. AC POWER ON umt 1A2 to obtain maximum read- divisions when the voitage meter
RANGE: AUTO SERVO LOOP: DFT ing on the voitmr oter. reading is maximum.
Unit 1A2:
ILLUM: ON
9 None * Unit2: Connect the equipment as shown in | none
POWER: OFF B, figure 3—1.
10 None Unit 2: Operate the NAV SIM control to ob- | NAV SIM control shall indicate 0 + 1
POWER: ON tain minimum reading on the volt- divisions
SERVO LOOP: DFT meter.
Unit 1A2:
ILLUM: ON
11 None Unit 2 Disconnect jumper leads and the | None
POWER: OFF digital voltmeter, and reconnect
cable W4 to jack 1A2J18 (fig
FO-4).
12 Digital voltmeter: Unit2. Disconnect cable W8 from jack 2J4 | None
FUNCTION: K power; off (fig FG—4).
OHM
13 None None Measure the following test points | Nominal resistance:
(fig FO-7)
2J4—8 to 2J4-9(S1 to S2) 12ohms
2J4-9 to 2J4-10 (S1 to S3) 126hms
2J4-8 to 2J4—-10(S2 to S3) 120hms
2J4-1to2J4-2(R1toR2) 39 ohms
(2B2, fig. 3-11).
14 None None Reconnect cable W8 to jack 2J4 (fig | None
FO-4).
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L PARTIAL REFERENCE DES JGNATIONS
ARE SHOWN. FOR COMPLETE DESiG-

NATIONS PREFIX WITH 1A2

2. UNLESS OTHERWISE SPECIFIED
/ALL RESISTORS ARE IN OHMS,

3. 1 INDICATES EQUIPMENT MARKING

CONNECTOR
TEST
POINTS

(22

CONNECTOR
TEST
POINTS

A. COARSE ADJUSTMENT
CONNECTIONS

(- SS—

:14

Dl'l

o L—
\

B. FINE ADJUSTMENT
CONNECTIONS

Figure 3-1. Control synchro adjustment test setup (A and B).

CV) AN/USM-648

ELIAGO35



3-21. Clock Waveform Troubleshooting.
l o. Hench Test. Perform the clock waveform bench test as described in table 3—12 below.

Table 3-12. Clock Waveform Test

T™M 11-6625-1833-30

Control Settings
Step : Test Procedure biieral
- Test Equipment Equipment Under Test
1 None Unit2: Connect oscilloscope to test point | Waveform A, figure 3—-2.
RANGE: 50 1A2J11~-37 and observe waveform.
ANTENNA: RIGHT
2 None Unit2: Connect oscilloscope to test point | Waveform B, figure 3-2.
INTENSITY: Maximum 1A2J1-2 and observe waveform.
DISPLAY: FT
Unit1A2:
TEST VIDEO: ON
FT GAIN: Variable
3 None Unit2: Connect oscilloscope to test point | Waveform C, figure 3—2.
INTENSITY: Minimum 1A2J1-2 and observe waveform.
Unit1A2:
TEST VIDEO: OFF
PT GAIN: Maximum
VIDEO AMPLITUDE:
Variable
4 None Unit 2: Connect oscilloscope to test point | Waveform D, figure 3—-2.
RANGE: 25 2J1-45 and observe waveform.
5 None Unit2: Connect oscilloscope to test point | Waveform E, figure 3-2.
RANGE: 50 2J1-45 and observe waveform.
6 None Unit2: Connect oscilloscope to test point | Waveform F, figure 3-2.
RANGE: 100 2J1-45 and observe waveform.
1 Oscilloscope: Unit2: Connect oscilloscope to test point | +4.0 + 0.5 vde
De coupled ANTENNA: RIGHT 2J4-24 and measure displayed sig-
nal voltage.
8 None Unit2: Connect oscilloscope to test point | Waveform G, figure 3—2.
ANTENNA: BOTH 2J4—24 and observe waveform.
9 Oscilloscope: Unit2: Connect oscilloscope to test point 2J4— -4.0 £ 0.5 vde
De coupled ANTENNA: LEFT 24 and measure displayed signal
voltage
10 None Unit 2: Connect oscilloscope to test poiat | Waveform H, figure 3—2.
ANTENNA: BOTH 1A2J11-32 and observe waveform.
11 Oscilloscope: Unit2: Connect osacilloscope to test point | +4.74 £ 0.25 vde
De coupled ANTENNA: RIGHT 1A2JT1-32 anc measure displayed
signal voltage.
12 None Unit2: Connect oscilloscope to test point | Waveform J, figure 3-2,
ANTENNA. BOTH 1A2J11-33 and observe waveform. |
13 QOscilloscope: Unit 2: Connect oscilloscope to test point | +4.75 £ 0.25 vdc
De coupled ANTENNA: LEFT 1A2J11-33 and measure displayed
signal voitage.

b. Troubleshooting Procedure. The following
troubleshooting procedure is referenced to the test set
group waveforms A, B,C, D, E, F, G, H, and J of
figure 3-2. The signals represented by these

waveforms originate in either the 5—MHz oscillator

and prf counter |A2A1, antenna counter |A2A2 or
video amplifier |A2A6. Use of the troubleshooting
procedure will localize a clock waveform trouble to
one of these three modules.

3-15
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Table 3-13. Clock Waveform Troubleshooting

Trouble Symptom

Probable Trouble

Checks and Corrective Actions

Item
No.
1

Waveform A (fig. 3-2), measured
at test point 1A2J11-37, is ab-
normal.

Waveform B (fig. 3~2), measured at
test point 1A2J1-2, is abnormal
with the test set group controls set
to the following positions-

NOTE
Waveform B, at this point has
an amplitude of approximately 3
volts peak-to-peak.

Unit 2
INTENSITY. Minimum
Unit 1A2
TEST VIDEO: ON
FT GAIN: Maximum
VIDEO AMPLITUDE. Varisble

Waveform C (fig. 3—2) measured at
test point 1A2J1-2, is abnormal
with the test set group controls set
to the following positions:

Unit 2
INTENSITY: Minimum

Unit1A2,

TEST VIDEO: OFF
FT GAIN: Maximum
VIDEO AMPLITUDE: Variable

Waveform D (fig. 3-2), measured at
test point 2J1-45, is abnormal
with the test set group controls set
to the following position:

Unit 2:

RANGE: 25

Waveform E (fig. 3—2), measured at
test point 2J1-45, is abnormal
with the RANGE switch on unit 2
set to 50.

Waveform F (fig. 3—2) messured at
test point 2J1~45, is abnormal
with the RANGE switch on unit 2
set to 100.

A voltage of +4.0 to +4.5 vde is not
present at test point 2J4~24 with
the ANTENNA switch on unit 2
set to PIGHT.

Waveform G (fig. 3—2), measured at
test point 2J4—24, is abnormal
with the ANTENNA switch on
unit 2 set to BOTH.

Defective 5-MHz oscillator and prf
eounter 1A2A1

Defective video amplifier 1A2A6.

Same as 2 above.

Same as 1 above.

Sameas 1 above.

Sameas 5 above.

Defective antenna counter 1A2A2.

Same as 7 above

Replace 5-MHz oscillator and pri counte
1A2A]1 (fig 3-17)

NOTE
If 1A2A1 is not at fault, refer to figure
FO-15and check all inputs to 1A2A1.
Replace video amplifier 1A2A6 (fig 3-5).
NOTE

If 1A2A6 is not at fault, refer to figure
FO-20 and check all inputs to 1A2A6

Same as 2 above.

Same as 1 above

Same as 1 above.

Same as 5 above.

Replace antenna counter 1A2A2 (fig 3-7)

NOTE
If 1A2A2 is not at fault, refer to ligure
FO-16 and check all inputs to 1A2A2.

Samie as 7 above



Table 3-13. Clock Waveform, Troubleshooting - Continued

Trouble Sympiom

Probable Trouble

Checks and Corrective Actions

10

n

12

13

A voltage of -4.1 to -4.5 vde is not
present at test point 2J4-24 with
the ANTENNA switch on unit 2
set to LEFT.

Waveform H (fig. 3—2), measured
at test point 1A2J11-32, is ab-
pormal with ANTENNA switch
on unit 2set to BOTH.

A voltage of +4.5 to +5.0 vde is not
pregent at test point 1A2J11-32
with the ANTENNA switch on
unit 2set to RIGHT.

Waveform J (fig. 3—2), meausred at
test point 1A2J11-33, ia abnormal
with ANTENNA switch on unit 2
set to BOTH.

A voltage of +4.5 to +5 0 vde is not
pregent at test point 1A2J11-33
with the ANTENNA switch on
unit 2 set to LEFT

Same as 7 above.

Same as 7 above.

Sameas 7 above.

Same as 7 above.

Same as 7 above.

Same as 7 above.

Same aa 7 above.

Same as 7 above.

Same as 7 above.

Same as 7 above.

3-17
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TEST POINT: EA2J11-37

VOLTS/DIV: 1
TIMEIDIV: .2 MSEC
SYNC: BXT

A. SWEEP GATE

Ve

PEa

TEST POINT: 1A241-2

VOLTS/DIV: 2
TIMEIDIV: .1 uSEC
SYNC: EXT

B. TEST VIDEO

bbb

TEST POINT: 1A2)1-2

VOLTS/DIV: 2
TIME/DIV: .2 MSEC
SYNC: EXT

C. FTVIDEO

ALL WAVEFORMS TAKEN
WITHOUT PROBE.

TEST POINT: 2)1-45

VOLTS/DIV: 2
TIME/IDIV: . 2 MSEC
SYNC: BXT

D YOKE CLAMP (25 km)

TEST POINT: 2)1-45

VOLTS/DIV: 2
TIME/DIV: . 2 MSEC
SYNC: EXT

E. YOKE CLAMP (50 km)

TEST POINT: 21145

VOLTS/DIV: 2
TIMEIDIV: , 2 MSEC
SYNC: EXT

F. YOKE CLAMP (100 km}
EL3AGOS8

Figure 3-2. Test Set Group, Indicator, Radar OQ-63A/APS-94D, waveforms (sheet 1 of of 5)

3-18
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FSEISEAS

TEST POINT: 2)4-24

VOLTS/DIV: 2
TIMEIDIV: 50 MSEC
SYNC: INT (+)

G. ANTENNA GATE

TEST POINT: 1A2111-32

VOLTS/DIV: 2
TIME/DIV: 10 MSEC
SYNC: INT (-)

H. FT. ENABLE

HEEEEREEER

TEST POINT: 1A2)11-33

VOLTS/DIV. 2
TIMEIDIV: 20 MSEC
SYNC: INT(+)

J. MT ENABLE

TEST POINT: 1A2)11-23

VOLTS/DIV: 2
TIME/OIV: 2 MSEC
SYNC- EXT

K. ASTIGMATISM

TEST POINT: 1A2)14-10

VOLTS/DIV: .5
TIME/DIV: .5 MSEC
SYNC: EXT

L. VERTICAL SWEEP (15 deg)

8 N

TEST POINT- VERTICAL SWEEP TEST JACK

VOLTS/DIV: .2
TIME/DIV: .5 MSEC
SYNC: EXT

M. VERTICAL SWEEP (1.8 dag
EL3AGO33

Figure 3-2. Test Set Group Indicator, Radar OQ-63A/APS-94D, waveforms (sheet 2 of 5).

GND
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(A

TEST POINT 1A2J14-8

VOLTS/DIV 1
TIMEIDIV .5 MSEC
SYNC. EXT

N HORIZONTAL SWEEP (50 km)

TEST POINT 1A2J1-5
/OLTS/IDIV 20

TIMEIDIV .5 MSEC
SYNC EXT

P UNBLANK

EL3AGO34 ®

Figure 3-2. Test Set Group, Indicator, Radar OQ-63A/APS-94D, waveforms (sheet 3 of 5)
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|

*

AR ]
TEST POINT 1A1S7-1 TEST POINT 1A1J7-12
VOLTS/DIV 10 VOLTS/DIV 20
TIMEIDIV 205 TIME/DIV 5MS
SYNC EXT SYNC EXT
R ADAS RAMPS BCD MODE U UNBLANKING
TEST POINT 1A1J7-1 TEST POINT 1A1J7-12
VOLTS/DIV 10 VOLTS/DIV 20
TIME/DIV 5 MS TIME/DIV 10 4S
SYNC EXT SYNC EXT
S ADAS RAMP ALT MODE V UNBLANKING
TEST POINT 1A1J7-1
VOLTS/DIV 10
TIME/OIV 5 MS
SYNC EXT
T ADAS RAMPS NUM MODE EL3AGO31

Figure 3-2. Test St Group, Indicator, Radar OQ-63A/APS-94D, waveforms (sheet 4 of 5)
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Figure

i

TEST POINT  1AV10

VOLTS/DlV 1

TIME/DIV 200 & SEC

SYNC BXT

W ECCM ViDEO

{11

!

peepsr

N\

TEST POINT 1A1I11

VOLTS/DIV 1

TIME/DIV 200 wSEC

SYNC EXT

X ECCM DEFLECTION

EL3AGO50

Ruder OQ-63A/APS-94D, waveforms (sheet 5 of 5)

3-22. Film Speed Troubleshooting

a Bench Test. Perform the film speed bench test as described in[fable 3-14] below.

Table 3-14 Film Speed Teat

Control Settings
Step Performance
No. Test Procedure Standard
Test Equipment Equipment Under lest
1 Oscilloscope: a. Unit1A2. a. Connect osc:lloscope to test point | c. +25.5 1 5vde
VOLTS/DIV: 5 FILM SPEED CON- 2J4-85 and measure signal vol-
TIME/DIV: 1 Sec TROL: Fully tage
clockwise
b. Unit1A2: b. Connect oscilloscope to test point | & +5C +1Cvde
FILM SPEED CON- 2J4-85 and measure signal vol-
TROL: Fully tage.
counterclockwise




Table 3-14. Film Speed Test - Continued
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Control Setungs
Sezp Performance
Ne. Teat Procedure Standard
Teat Equipment Equipment Under Teat
Digital volimeter: Unit 1A1: Conneet digitai voltmeter to test | 115 %0.02vac
RANGE: AUTO FiLM SPEED: OFF points 1A1J4—16 (+) and 1ALJ4—
FUNCTION: VAC 17 (-) and adjust the input vari-
able transformer for 115 vac reac-
ing on digital voltmeter.
3 Unit1A1: Conneet ligital voltmeter to teat | 2.700 £0.010 vac
FILM SPEED: CAL points 1A1J3-5 (+) and 1A1J3-6
(-) and measure signal voltage.
4 Unit1AL: Connect digital voltmeter to test | 0.81t00.84 vac
FILM SPEED: LOW points 1A1J3-5 (+) and 1ALI3-6
(-) and measure signal voltage.
5 Unit1A1 Same a8 4 above. 13.0te 13.4 vac
FILM SPEED: HIGH

b. Troubieshooting Procedure. The following
procedure is used in troubleshooting the film speed

voltages. Film speed voltage circuits are shown in

Table 3-15. Film Speed Troubleshooting

figure FO—14 and will be an aid to maintenance per-
sonnel when troubleshooting.

lem Trouble Symptom Probable Trouble Checks and Corrective Actions

1 With the oscilloscope connected to | a. Defective BITE cirenit 1AZA4. a. Replace BITE circuit 1A2A4 (fig. 3-7). If
214 -85 de level does not vary from still defective proceed te b below.
+4 vde to +27 vdec wher the | b. Defective FILM SPEED control | b. Replace FILM SPEED control 1AZR18
FILM SPEED CONTROL on unit 1AZR18. (fig. 3—1).
1A2 is varied from full cew to full
cw position.

2 With the digital voltmeter connected | a. Defective transformer 1A1T1. a. Check for presecnce of 196 vac between

to test point 1A1J3-5 with return
referenced to test point 1A1J3—6,
ac level does not go from zero

test points 1ALJ1-1 and 1AL1-2. If
present check transformer 1A1T1 ouiput.
If not present, refer to the primary power

to 13.4 volts when FILM SPEED
switch is operated from OFF to
CAL.

b Defective resistor network on
1A1A2

¢ Defective FILM SPEED switch
1A183. ’

distribution troubleshooting procedure
(para 3-16)

b Substitute +28 vdc power supply 1A1A2
(fig. 3—4). If still defective, proceed to
¢ below.

¢ Replace FILM SPEED switch 1A183.
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3-23. Intensity Control Voltage Troubleshooting
a. Bernck Test. Perform the intensity econtrol voltage bench test as described in table 3—16 below.

Table 3-16. Intensty Control Voltage Test

.Control Settings
Step Performance
No. Test Procedure Standard
Test Equipment Egcipment Under Test
1 Oscilloscope: Unit2: a. Connect oscilloscope to test point | a. Voltage level rises from -28 to ¢

VOLTS/DIV:5 DISPLAY: FT 1A2]J1-2 and observe voltage vdc as control is increased.

TIME/DIV- 1 Sec INTENSITY: Minimum level as the INTENSITY control
on unit 2 is increased to maximum.

b. Operate the DISPLAY switch oz { b Voltage level drops rapidly to -27
unit 2 to MT position and ob- +1 vde.
serve voltage level displayed on
oseilloseope.
2 None Unit2: a. Connect oscilloacope to test point | a. Same as 1a above
DISPLAY: MT 1A2J11-80 and observe voltage
INTENSITY: Minimum level as the INTENSITY control
on unit 2 is increased to maximum.
b. Operate the DISPLAY switch on | & Sameas 1b above.

unit 2 to MT position and ob-
serve voltage level displayed on
oscilloscope.

b. Troubleshooting Procedure. The following
procedure is used to troubleshoot the intensity con-

trol voltage circuits. The intensity control voltage cir-

Table 3-17. Intensity Control Voltage Troubleshooting

cuits are shown in FO—6 and will be used as an aid
for maintenance personnel when troubleshooting.

Item
No.

Trouble Symptom

Probable Trouble

Checks and Corrective Actions

The dc voltage measured at test
point 1A2J1-2 does not change
from -28 to 0 vdec when the IN-
TENSITY control on unit 2 is
varied from minimum to maxi-
mum and the DISPLAY control
on unit 2 is in the FT position

With the DISPLAY control on unit
2 in the MT position, the voltage
at test point 1A271-2 is not be-
tween -26 vde and -28 vic.

The dc voltage measured at test
point 1A2J11-30 does not change
from -28 to 0 vdec when the IN-
TENSITY control on unit 2 is
varied from minimum to maxi-
mum and the DISPLAY CON-
TROL on unit 2 i8 in the FT
position.

With the DISPLAY control oa unit
2 in the MT position, the voltage
at test point 1A2J11-30 is not
between -26 vdc and -28 vde.

Defective video smplifier 1A2A6

Same as 1 above.

Defective yoke simulator 2A1.

Sameas 3 above

Replace video amplifier 1A2A6 (fig 3-5).

Sameas 1 above.

Replace yoke simulater 2A1 (fig 3—-12)

Same as 3 above
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e¢. Bench Test. Perform the vertical sweep waveform test as described in table 3—18 below.

Table 3-18. Verticd Sweep Waveform Test

Control Settings
Step Performance
No. Test Procedure Stardard
Test Equipment Equipment Under Test
1 None Unit1A2: a. Connect oscilloscope to test point [a. Waveform L, figure3-2
VERTICAL OFFSET 1A2J14—-10 and observe wave-
OVERRIDE: ON form displayed, while adjusting
VERTICAL AMPLIFIER SWEEP
LENGTH and CENTER controls on
unit 2.
Unit2: b. Operate DISPLAY switch on unit jb. 0 £0.3 vdc(noise may be present).
RANGE: 100 2 to MT position and observe
ANTENNA: LEF?T voltage level on oscilloscope.
DISPLAY: FT
DRIFT ANGLE: 15
VERTICAL AMPLI-
FIER OPERATE
TEST:
OPERATE
2 None Unit 2: Connect oscilloscope to vertical sweep |Waveform M, figure 3—-2.
DISPLAY: FT test jack (VERTICAL AMPLI-
DRIFT ANGLE: 1.8 FIER section) on unit 2 and ob-
gerve waveform while adjusting
VERTICAL AMPLIFIER SWEEP
LENGTH controi on unit 2.
8 J.iieeiinnnnnn. Unit2: a. Connect oscilloscope to test point |a. Waveform L, figure 3--2.
DISPLAY: MT 1A2J11-10 and observe wave-
DRIFT ANGLE: 15 form displayed while adjusting

the VERTICAL AMPLIFIER
SWEEP LENGTH control on
unit 2,

b Operate DISPLAY switch on unit
2 to FT position and observe the
voltage level displayed on the
oscilloscope connecied to test
point 1A2J11-10

b 0 %0 3 vdc(noise may be present).

b. Troubleshooting Procedure. The following
troubleshooting procedure is referenced to the test set
group waveforms L and M of figure 3—2. The signals

represented by these waveforms originate in either

Table 3-19. Vertical Sweep Waveform Troubleshooting

video amplifier 1A2A6 or vertical amplifier 2A3. Use
of the troubleshooting procedure will localize a ver-
tical sweep trouble to one of these two modules.

Item
No.

Trouble Symptom

Probable Trouble

Checks and Corrective Actions

Waveform L (fig. 3—2), measured at
test points is abnormal with test
set controls set as instructed in
step 1 or 3 of paragraph 3—24a.

Defective video amplifier 1A2A6.

Replace video amplifier 1A2A6 (fig 3-5).

3-25
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Table 3-19. Verticd Sweep Waveform Troubleshooting - Continued

Trouble Symptom

Probable Trouble

Checlis and Carrective Actions

Hem
Ne.
2

Signal messured at test points is
not 0 £0.3 vde with test set con-
trols set as instrueted in step 1
or 3 of paregraph 3—24a except,
that DISPLAY control is changed
from FT to MT.

Waveform ¥ (fig. 3—2), measured at
the vertical sweep test jack {above)
left of OPERATE/TEST switch)
on panel 2 is abnormal with the
test set group eontrole on unit 2
set to the following positions:
DISPLAY: FT
DRIFT ANGLE: 1.8
RANGE: 100
OPERATE/TEST: OPERATE
VERTICAL AMPLIFIER CENTER:

adjust as required.
VERTICAL AMPLIFIER SWEEP
LENGTH: adjust as required.

Unit1A1:

VERTICAL OFFSET OVER-
RIDE:ON

Signal measured at test point

1A2J11-10 is not 0 +0.3 vde with
the test set group controls set as
in 8 ebove except that the DRIFT
ANGEL enntrol is changed from
18to015.

NOTE
Signal may be noisy.

Weveform measured at test point

1A2J11-10 cannot be adjuated to
the configuration of waveform L
(fig. 3-2) by the VERTICAL
AMPLIFIER SWEEP LENGTH
and VERTICAL AMPLIFIER
CENTER controls with th. test set
group controls positicned as in 3
above except that the DISPLAY
control is changed from FT to
MT poaition.

Sameas 1 above.

Defective sweep generator 2A4.

Defective vertical amplifier 2A3.

Same as 2 above.

Sameas 1 above.

Replace sweep generator 2A4 (fig. 3—10).

Replace vertical amplifier 2A3 (fig. 3—12).

Sameas 2 above.
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a Bench Test. Perform the horizontal sweep waveform bench test as described in table 3—20
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below.
Table 3-20. Horizonta Sweep Waveform Test
Control Settings
Stap Performance
No. Test Procedure Standard
Test Equipment Egquipment Under Test
1 None Unit2: Connect the oscilloscope to test point | Waveform N, figure 3—2.
RANGE: 50 1A2J14-8 and oheerve waveform.
ANTENNA: BOTH Adjust the HORIZONTAL AMPLI-
DISPLAY: FT FIER SWEEP LENGTH and CEN-{'
HORIZONTAL AM- TER controls and OFFSET GAIN
PLIFIER OPERATE- control on unit 2.
TEST: OPERATE
2 None Unit2: Conneet oacilloscope to test point | Waveform N, figure 3—2.
DISPLAY: MT 1A2J11-4 and observe wave-
form while adjusting HORI-
ZONTAL SWEEP LENGTH con-
trol on unit 2.

b. Troubleshooting procedure. The following troubleshooting procedure is referenced to test set
group waveform N of{figure 3-2]

Item
No.

Table 3-21. Horizontd Sweep Waveform Troubleshooting

Trouble 3ymptom

Probable Trouble

Checks and Corrective Actions

Waveform N, figure 3—2, measured
at test point 1A2J14-8, is abnor-
ma with test get group controls
get as instrueted in step 1 of
paragraph 8—25a.

Waveform N, figure 3—2, measured
at test point 1A2J11—4, is abnor-
mel with test set group controls
et as in 1 above except DISPLAY
eontrol set to MT.

Similar to Waveform N, figure 3-2,
but lesser in amplitzde measured
at horisontal sweep test jack
(between CENTER and SWEEP
LENGTH econtrols) on panel 2 is
abnormal with the test set con-
trols set as instructed in 1 of
paragraph 3—-25a.

Defective horizontal amplifier 2A2.

Sameas 1 above.

o Defective sweep generator 2A4.

b Defective resistors 2TB3R16, po-
tentiometer 2R3, switch 282 or
capacitor 2TB3C1.

Replace horizontal amplifier 2A2 (fig. 3~11).

Sameas 1 above.

a. Replace sweep generator 2A4 (figure 3—10).
b. Check and replace defective part (fig. 3—12
or 3-13).
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3-26. Unblank Circuit Troubleshooting
a. Bench Test. Perform the unblank circuits hench test as described in table 3-22 below.

Table 3-22. Unblank Circuit Test

Control Settings
Step Performance
No. Teat Equipment Equipment Under Test Test Procedure Standard
1 None Unit1A2: Connect oscilloscope to test point | Waveform P, figure 3—-2.
UNBLANK ON 1A2J1-5 and observe waveform.
Urit2:
RANGE: 25
ANTENNA: LEFT
display; ft
2 None None Operate the UNBLANK switch on | +100 £10 vde
unit 1A2 to OFF and observe the
voltage level displayed or the
oscilloscope.

b. Troubleshooting Procedure. The following troubleshooting procedure is referenced to waveform

P of[figure 3-21

Table 3-23. Unblank Circuit Troubleshooting

Item
No. Trouble Symptom Probable Trouble Checks and Corrective Actions

1 Waveform P of figure 3—2, meas- | Defective video amplifier 1A2A6. | Replace video amplifier 1A2A6 (fig. 3-5).
ured at test point 1A2J1-5, is ab-
normal with the test set group
controls set as follows:

Unit 1A2;

UNBLANK: ON

Unit 2:

RANGE: 25
ANTENNA: LEFT
diaplay; FT

2 The voltage measured at test point | Sameas 1 above. Same ae 1 above.
1A2J1-5 is not 100 +10 vdc with
the vx: set group controls posi-
tioned as in above except that
the UNBLANK switch is posi-
ticned to OFF

3-27. Offset Circuit Troubleshooting
a Bench Test. Perform the offset circuit bench test as described in[fable_3-24] bel ow.

Table 3-24. Offset Circuit Test

Cor:trol Settings

Step Performance
No. Test Equipment Equipment Under Test Standard

1 None Unit2: Connect the oscilloscope to test point | Waveform N, figure 3—2
ANTENNA. BOTH 1A2J1-8 and observe waveform.
RANGE. 100
DRIFT ANGLE: 15
DISPLAY: FT

3-28
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Control Settings
Step Performance
No. Teat Procedure Standard
Teat Equipment Equipment Under Test
2 None Unit2: a. Vary the LEFT HORIZONTAL | a. Waveform iz not affected as
ANTENNA: RIGHT OFFSET control on unit 2 and control is varied.
obaerve the waveform displayed
on oscilloscope connected to
to test point 1A2]1-8.
b. Vary the RIGHT HORIZONTAL |} b. Waveform offsets positive as
OFFSET control on unit 2 and contro! is increased.
observe that the ramp portion of
the waveform offsets positive as
contro! is increased.
3 None Unit 2: a. Vary the RIGHT HORIZONTAL | a. Waveform is not affected as
ANTENNA: LEFT OFFSET control on unit 2 and control is varied.
observe the waveform displayed
on oacilloacope connected to test
point 1A2J1-8.
b. Vary the LEFT HORIZONTAL | Waveform offsets negative as con-
OFFSET control en unit 2 and trol is increased
observe that the ramp portion of
the waveform offsets negative as
control is increased.
4 None Unit 1A2: a. Connect oscilloacope to test point | . Waveform L, figure 3-2.
VERTICAL OFFSET 1A2J1-10 and observe wave-
OVERRIDE: ON form.
Unit2: b. Vary the VERTICAL OFFSET | b Waveform is not affected as
ANTENNA: LEFT control on unit 2 and observe control i varied.
RANGE: 100 waveform.
VERTICAL AMPLI-
FIER OPERATE-
TEST: GFERATE
5 None Unit1A2: Vary the VERTICAL OFFSET con- | Waveform moves in the negative

VERTICAL OFFSET trol clockwise on unit 2 and ob-
OVERRIDE: OFF serve the waveform displayed on

oecilloscope connected to test
point 1A2J1-10.

direction as control is increased.

b. Troubleshooting Procedure. The following troubleshooting procedure is referenced to test set
group waveforms N and L of[ figure 3-21

Table 3-25. Offset Circuit Troubleshooting

Item
No.

Trouble Symptom

Probable Trouble

Checks and Corrective Actions

Waveform N of figure 3—2, mea-
sured at test point 1A2J1-8, is
abnormal with the test set group
controls on unit 2 positioned as
follows:

ANTENNA: BOTH

RANGE: 100

DRIFT ANGLE: 15
DISPLAY: FT

OFFSET GAIN: Adjust as re-
quired.

a. Defective yoke simulator 2Al. | a. Replace yoke simulator 2A1 (fig. 3-12).

b Defective offset control 2A7. b. Replace offset control 2A7 (fig. 3-12).
¢ Defective resistors 2I'B3R6, R38, | ¢ Check and replace defective part (fig. 3—12
R36, or potentiometer 2R11. and 3-13).
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Table 3-25. Offset Circuit Troubleshooting - Continued

Trouble Symptom

Probable Tronble

Checks and Corrective Actions

ftem
No.
2

a. The sweep ramp of waveform N
doea offset as the LEFT HORI-
ZONTAL OFFSET control iz
varied with the ANTENNA switch
in the RIGHT position.

b. The sweep ramp of waveform N

a Defective switch 289.

b. One or more of the following de-

doss not offset positive as the fective:

RIGHT HORIZONTAL OFFSET (1) Offsst control 2A7.

control on unit 2 is inereased with (2) Reeistors 2TBSR14, R1S; po-
the ANTENNA switch in the tentiometer 2R12; switch 289;
RIGHT position. or transistor 2Q2 (right offset).

a. The sweep ramp of waveform N
does offoet as the RIGHT HORI-
Z0NTAL OFFSET control is var-
ied with the ANTENNA switch
in the LEFT position.

b. The sweep ramp of waveform N
does not offset negative as the
LEFT HORIZONTAL OFFSET
control on unit 2 is increased with
the ANTENNA switch in the
LE¥T position.

Waveform L, measured at test point
142J1-10 is not movable in the
nagetive (up) direction by the

(3) Resistors 2I'B3R15, R35, R37,
R10, R12, RB; potentiometer
2R5, ZR9; or transistor 2Q1
(ieft offzet).

a. Defective switch 289,

b. One or more of the following
defective:
(1) Yokesimulator2A1l.
(2) Offset control 2A7,

(8) Offset amplifier 2A6.
a. Defective offset amplifier 2A6.

b. Defective offset control 2A7 (fig.

VERTICAL OFFSET control with 8-12).
the VERTICAL OFFSET OVER- | ¢. Defective resistors 2TB3R11, R7,
RIDE control in the OFF position. or potentiometer 2R10.

a. Replace switch 289 (fig. 5-11).

b. Replace oneor more of the following:

(1) Offset control 2A7(fig. 3—-12).
(2) Check and replace defective part (fig.
8-11,8-12, or 8-18).

(8) Check and replace defective part (fig.
8-120r3-13).

a. Replace switch 289 (fig. 3—11).

b. Replace one or more of the following:

(1) Yoke simulator 2A1 (fig. 3-12). If still
abnormal, proceed to (2) below).

(2) Offset control 2A7 (fig. 3—~12). If still
abnormal, proceed to (3) below.

(8) Offset amplifier 2A6(fig. 3—12).

a. Replace offset amplifier 2A6 (fig. 3~12). If
still aSnormal, proceed to b below.
b. Replace offset control 2A7 (fig. 83—12).

¢. Check and replace defective part (fig. 3—1%
or 3-13).

3-28. Video Compression Troubleshooting
a Bench Test. Perform the video compression bench test as described in[fable_3-26] below.

Table 3-26. Video Compression Test

Control Settings
Step Performance
No. Teat Equipment Equipment Under Test Test Procedure Standard
1 None Unit1A2: a. Connect oscilloscope to test point | . Waveform C, figure 3—-2.
FT GAIN: Maximum 1A2J1-2 and observe waveform.
TEST VIDEO: OFF
VIDEO AMPLITUDE:
Meaximum
Unit2: b. Adjust VIDEO AMPLITUDE | b. Peak voltage of waveform is
RANGE: 26 control on unit 1A2 for a peak 10 volts.
ANTENNA: RIGHT voltage indication on the oscillo-
DISPLAY: FT scope of 10 volis.
INTENSITY: Maximum
2 None Unit 2: Observe peak voltage indicated on | +10 0.5 volts peak
ANTENNA: LEFT oscilloscope.
RANGE: 25
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Control Settings
Step Perf.. aance
No. Test Procedure Standard
Teat Equipment £Equipment Under Test

3 None Unit2: Obaerve peak voltage level indicated | +4.2 £0.4 volta peak
ANTENNA: BOTH on oscilloscope.
RANGE: 100

4 None Unit2: Observe peak voltage level indicated | +7.1 £0.7 volts peak
ANTENNA: RIGHT on oscilloacope.
RANGE: 50

5 None Unit2: Observe peak voltage level indicated | +7.1 £0.7 volts peak
ANTENNA: LEFT on oscilloscope.
RANGE: 50

6 None Unit 2: Observe peak voltage level indicated | +7.1 £0.7 volts peak
ANTENNA: BOTH on oacilloacope.
RANGE: 25

7 None Unit2: Observe peak voltage level indicated | +4.2 £0.4 volts peak
ANTENNA: RIGHT on oscilloacope.
RANGE: 100

8 None Unit2: Observe peak voltage level indicated | +4.2 £0.4 volts peak
ANTENNA: LEFT on oacilloacope.
RANGE: 100

9 None Unit2: Observe peak voltage level indicated | +4.2 £0.4 voits peak
ANTENNA: BOTH on oscilloscope.
RANGE: 650

b. Troubleshooting Procedure. The following procedure is referenced to waveform C of figure 3-2.

Table 3-27. Video Compression Troubleshooting

Item
No.

Trouble Symptom

Probable Trouble

Checks and Corrective Actions

Waveform C of figure 3—2, measured
at test point 1A2J1-2, is ab-
normal or cannot be set to a mini-
mum of 10 volts peak by adjust-
ment of the VIDEO AMPLITUDE
control.

Waveform C of figure 3—2 is not
10 0.5 volts peak with the AN-
TENNA switch in the LEFT po-
sition and the RANGE switch set

to 25.

Waveform C of figure 3—2 is not
+4.2 £0.4 volts peak with the test
set group contrels in the following
position:

ANTENNA: BOTH
RANGE. 100

Defective video amplifier 1A2A6.

Sameas 1 above.

Sameas 1 above

Replace video amplifier 1A2A6 (fig. 3—5).

Sameas 1 above.

Same as 1 above.
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Table 3-27. Video Compression Troubleshooting - Continued

Trouble Symptom Probable Trouble Checks and Corrective Actions

Ttem
No.
4

Waveform C of figure 3-2 is not | Sameas 1 above. Sameas 1 above
+71.1 £0.7 volts peak with the

test set group controls in the
following positions:

ANTENNA: RIGHT, LEFT or
BOTH

RANGE: 50 or 25

5 Waveform C of figure 3—2 is not
+42 104 volts peak with the
test set group controls in any of
the following positions:
ANTENNA: RIGHT, LEFT or
BOTH

RANGE: 100 or 50

Sameas 1 above Sameas 1 above

3-29. BITE, Sweep, Indicator and Servo Fault Circuits Troubleshooting.
a. Bench Test. Perform the BITE, sweep, indicator and servo fault circuit test as described i table 3-28
below.

Table 3-28. BITE. Sweep, Indicator and Servo Fault Circuits Test

Control Settings
Step Performance
No. Test Procedure Standard
Test Equipment Equipment Under Test
1 Digital voltmeter: None a. Measure voltage level between | ¢ +28 £20vdc
RANGE: AUTO test points 2J4-62 (+) and 2J4-23
FUNCTION: VDC -).
b Measure voltage level between | b +28 £20vdc
test point 2J4-63 (+) and 2J4-
23(-).
¢ Measure voltage level between | ¢ +28 £20vde
test points 2J4-60 (+) and 2J4-
23(-)
d. Measure voltage level between | d +195 £0.5vde
test points 2J4-29 (+) and chas-
sis ground.
e. Measure voltage level between | e +19.5£0 5 vdc
test points 2J4-67 (+) and chas-
sis ground.
f. Measure voltage level between | f +19505 vdc
test points 2J4-25 (+) and chas-
sis ground.
¢ Measure voltage level between {g. +195 £0.5vde
test point 2J4—69 (+) and chas-
sis ground.
h Measure voltage level between h +195 05 vde
test points 2J4—70 (+) and chas-
sis ground.
2 None Unit 2: Observe SERVO FAULT indi- | . SERVOFAULTlamp1: ‘FF
NAVIGATION: AUTO cator lamp on unit 2
GS/DFTDRIVE:OFF | b Operate NAV SIM controlon Unit | b SERVO FAULT 1s. p flashes
Unit 1A2: 1A2 to x5 percent of GS/DFT when NAV SIM control is moved
NAYV SIM: Same read- reading greater than +5 percent of the
ing as GS/DFT indi- GS/DFT reading
catedon Unit 2,

3-32
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Table 3-28. BITE, Sweep, Indicator and Servo Fault Circuits Test - Continued

Control Settings
Step Performance
Ne. Test Procedure Standard
Test Equipment Equipment Under Test
E S [ Unit2: Observe SWEEP FAULT indicator | Indicator lamp is off.
ANTENNA: BOTH lampon unit 2.
4 None None a. Disconnect one end of cable W21 | a. Indicator lamp flashes.
connected between jacks 1A2J8
and 1A2Y9 and observe SWEEP
FAULT indicator lamp on unit 2
. Connect cable end of W21 that | b None.
was removed.
5 None Unit 2: Operate the BITE switch on | ¢ FAILURE indicator lamp isoff.
DRIFT ANGLE 15 unit 1A2 to ON and observe
DISPLAY FT FAILURE indicator lamp on unit
ANTENNA. LEFT 1A2.
Unit 1A2- Operate the ANTENNA switch | b Sameasa above.
UNBLANK' ON on unit 2 to RIGHT and observe
FT GAIN: Maximum FAILURE indicator lamp on
unit 2.
VIDEO AMPLITUDE Operate the FT GAIN and VIDEO | ¢ FAILURE indicator lamp lights
Maximum AMPLITUDE controls on umt as each control 18 set to minimum
1A2, one at a time, to their mini- position
mum positions and observe the
FAILURE indicator lamp on unit
1A2.

b. Troubleshooting Procedure. The following
procedure is to be used when the SWEEP,
INDICATOR or SERVO FAULT lamps fail to light

when failures are known to exist in the sweep, in
dicator, or servo circuits, or when failures are inten-
tionally simulated.

Table 3-29. BITE, Sweep, Indicator and Servo Fault Circuits Troubleshooting

Item
No.

Trouble Symptom

Probable Trouble

Checks and Corrective Actions

No +28 vdc (nominal) at any of the
following test points:
2J4-62
2J4-63
2J4-60

No +28 vdc (nominal) at test point
2J4-62; other test points in 1
above normal and no FAULT
indication

No +28 vde (nominal) at test point
2J4-63; other test points in 1
above normal and no FAULT
indication

No +28 vde (nominal) at test point
2J4-60; other test poiats in 1
above normal and no FAULT
indication.

Defective wiring or improper cable
connections

Defective diode 1A2TB3CR2

Defective diode 1A2TB3CR3

Defective diode 1A2TB3CR4

Check wiring. Refer to wiring lists (para
3-51, 3—52, and 3-53) or figure FO—4

Replace diode 1A2TB3CR2 (fig 3—9)

Replace diode 1A2TB3CR3 (fig 3—9)

Replace diode 1A2TB3CR4 (fig 3-9)
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Item

Table BITE, Sweep, Indicator and Servo Fault Circuits Troubleshooting - Continued

No. Trouble Symptom Probable Trouble Checks and Corrective Actions
5 No +20 vde (nominal) at any of the | a. Defective wiring or improper | a. Refer tc wiring lists paras 3-51, 3-52,
following test points: cable connections. and 3~53 or figure FO—4
24-67 b. Defective low voltage power | b Replace low voliage power supply and
2J4--25 supply and regulator 1A2A3. regulator 1A2A3 (fig. 3-17).
2J4-70
2J4-69
2J4-29
e No +20 vdc (nominal) at test point | Defectivediode 1A2TB3CR5. Replace diode 1A2TB3CRS (fig 3-9)
2J4-67; other test points in 5
above normal and no FAULT
indication.
7 No +20 vde (nominal) at test point | Defective diode 1A2TB3CRS6. Replace diode 1A2TB3CR6 (fig 3-9)
2J4-25 and 2J4-29; other test
peints in 5 above normal and no
FAULT indication
8 No +20 vdc (nominal) at test point | Defectivediode 1A2TB3CR? Replace diode 1AZTB3CR7 (fig 3-9).
2J4-70; other test points in 5
above normal and no FAULT
indication
9 No +20 vdc (nominal) at test point | Defective diode 1AZTB3CRS. Replace dicde 1A2TB3CR8 (fig 3-9)
234 -69; other test points in §
above normal and no FAULT
indication.
10 SERVO FAULT indicator is not [ a. Defective wiring or improper ; ¢ Refer to wiring lists paras 3-51, 3-52,
illuminated when the following cable connections and 3-53 or figure FO-4
actions are taken. b Defective offset control 2A7 b Replace offset control 247 (fig 3—12)
Unit2. ¢ Defective FAULT circuit 2A1 ¢ Replace FAULT circuit 2A1 (fig 3-12)
NAVIGATION switch. AUTO
GS/DFT DRIVE switch. OFF
Unit 1A2:
NAV SIM centrol manually set
to x5 divisions greater than GS/
DFT indicator.
11 SWEEP FAULT indicator is not
illuminated when the following
actions are taken*
a. Remove W21 between 1A2J8 | a. Defective wiring or improper ] a. Refer to wiring lists (paras 3-51, 3-52,
and 1A2J9. cable connections and 3-53) or figure FO-4.
b Place the ANTENNA switch | b Defective offset control 2A7 b Replace offset control 2A7 (fig. 3—12)
to BOTH
¢. Place the DISPLAY switch |c¢ Defective FAULT circuit 2A1 ¢ Replace FAULT circuit 2A1 (fig. 3—12)
toFT.
12 FAILURE indicator lamp is on. a. Defective or abnormal horizontal | a. Refer to paragraph 3—25

sweep circuit.

b Defective or abnormal vertical
sweep circuit

¢ Defective or abnormal unblank
circuit

d Defective or abnormal
circuit

e Defective BITE circuit 1A2A4

video

b Refer to paragraph 3—24
¢ Refer to paragraph 3—-26
d Refer to paragraph 3—28.

e Replace BITE circuit 1A2A4 (fig 3-7)
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3-30. ADAS Simulator Troubleshooting
@ Bench Test. Perform the ADAS simulator bench test as described in table 3—30 below.

Table 3-30. ADAS Simulator Test

Control Settings
Step Performance
No. Test Procedure Standard
Teat Equipment Equipment Under Test
1 Pulse generator Unit 1Al Connect puise generator to 1A1J9-1. | Waveform R, figure 3-2.
Pulse width: 1ms ADASMODE BCD Connect oscilloscope to test point
15v 1A1J7-1 and observe waveform.
Pulse frequency
33 ppa (R230ms)
Qscilloscope
TIME/DIV:2ms
Sync scope on
pulse generator
2 Oscilloacope Umit1A1 ADAS Same as step 1 above Waveform S, figure 3—-2.
TIME/DIV: 5ms MODE ALT
3 Unit1A1 ADAS Same as step 1 above Waveform T, figure 3-2.
MODE NUM
4 Oscilloscope Connect oscilloscope to test point | Waveform U, figure 3—-2
VOLTS/DIV: 20V 1A1J7-12 and observe waveform
5 Oscilloscope Same as step 4 above Waveform V, figure 3-2.
TIME/DIV- 10us

b. Troubleshooting Procedure. The following
troubleshooting procedure is referenced to the test set

group waveforms R, S, T, U, and V of figure 3—2. The

Table 3-31. ADAS Simulator Troubleshooting

signals represented by these waveforms originate in
ADAS simulator 1A1A1.

Item
Ne. Trouble Symptom Probable Trouble Checks and Corrective Actions

1 Waveform R of figure 3—2 measured | a. Defective ADAS simulator 1A1A1. | a. Replace ADAS simulator 1A1A1 (fig. 3—4).
at test point 1A1J7-1 is abnormal If atill defective, proceed to b below.
with ADAS MODE switch 1A1S1 | b Defective ADAS MODE switch | b. Check and replace defective switch.
setat BCD. 1A181

2 Waveform S of figure 3—2, mea- | Sameas 1 above. Same as 1 above.
sured at test point 1A1J7-1 is ab-
normal with ADAS MODE switch
1A181 set at ALT.

3 Waveforra T of figure 3-2, mea- | Sameas 1 above. Same as 1 above.
sured at test point 1A1J7-1 is ab-
normal with ADAS MODE switch
1A1S1 set at NUM.

4 Waveform U of figure 3—2, mea- | Defective ADAS simulator 1A1A1. | Replace ADAS simulator 1A1A1 (fig.
sured at teat point A1J7-12 is 3-4).
abnormal.

5 Waveform V of figure 3—2, mea- | Sameas 4 above Same &8 4 above.

sured at test point 1A1J7-12 is
abnormal.
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3-31. Monitor Adapter Input Simulator Troubleshooting
a Bench Test. Perform the monitor adapter input simulator test as described in[fable 3-32] below

Table 3-32 . Monitor Adapter Input Simulator Test

Step
No.

Control Settings

Test Equipmeat

Equipment Under Test

Test Procedure

Performance
Standard

Oscilloscope
VOLTS/DIV-2V
TIME/DIV- 200 us.
Sync scope on con-
nector J11 nega-
tive
NOTE
Connect 100-
ohm termina-
tior. (HP10100)
to oscilioscope
probe.

Unit 1Al

Same as step 1] UnitlAl

above.

Connect  oscilloscope to
observe waveform.

Connect  oscilloscope to
observe waveform

1A1J10 | and Waveform W, figure 3—-2.

1A1J11 jand Waveform X, figure 3 -2

b. Troubleshooting Procedure. The following
troubleshooting procedure is referenced to the test set

group waveforms W and X cf figure 3—2. The signals

represented by these waveforms originate in the
monitor adapter input simulator 1A1A7.

Table 3-33. Monitor Adapter Input Simulator Troubleshooting

Item
No. Trouble Symptom Probable Trouble Checks and Corrective Actions
1 Waveform W of figure 3—2, mea- | Defective monitor adapter input | Replace monitor adapter input simulator
sured at ccnnector J10 is ab- simulator 1A1A7. 1A1A7
normal
2 Waveforra X of figure 3—2, mea- | Sameas 1 above Same as 1 above

sured at cornector J11 is ab-
normal

3-32. Dynamic Focus Troubleshooting

a Bench Test. Perform the dynamic focus bench test as described in[fable 3-34] below.

Table 3-34. Dynamic Focus Test

Control Settings
Step Performance
No Test Equipment Equipment Under Test Test Procedure Standard
1 Oscilloscope (dc Unit 2 Connect oscilloscope *o test point | Waveform K, figure 3—2
coupled). ANTENNA LEFT 1A2J11-23 and observe wave-
VOLTS/DIV 2 RANGE. 50 form while adyusting LEFT HOR-
TIME/DIV: DRIFT ANGLE 1ZONTAL OFFSET, VERTICAL
02 MSEC 15 degrees OFFSET, and GAIN OFFSET, on
SYNC: EXT Unit2
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Teble 3-35. Dynamic Focus Troubleshooting
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3 Mw&ézﬁw%ﬂ iy meatuvsd &6
aat peant LAZILY -2 » abnormsal.

&, Cheelh wirmg Hafer w ey Sve Gaes
351, 555, and -5 or Gge FO-4

& Heglace swesp gewermiar 244 g 3-18)

3-33. High Voltage Load Troubleshooting

& Beweh Tent Porlovm the high veltage load beach

sl s Easle 336 below when

Table 3-36. High Voltage Load Test

WARNING

ws  volleges exisc in the high
W wwwam Hm mm aare

Contral Sottman
Stap Paptmemanice
1 Hignal Generator Uait L14Q (high voitage § o Bemoue 18 sevows freup the foent | o None
BT loads). gonelof Prie 143
(umdse comeratay. & Remove panet tAL from the cal- | b Done
suade: 1 vels. ¢ Plage the +58 VEL gower supgply §e Hoom,
Pulge widih: wigh voltsge londs LALAZ on am
300 mdero. axvender.
sezonde. & Couneet pulse geserntor sod ene | & Pulve generator dinginged o
Feoumeney” chamsel of cecilloncoge o pin beki eneitioneegn ehaomal
T80 pye Y428 (ngral) sud B8 (growad)
of +28 YU pewer sipply (i@
3=4). Connect other oseilicevope
chanael to ANGODE VOLTAGE
/e KY ermmal £3 s Usid
1AL
1 Same as | alore Same o | above, emmmmmmmﬁvem Both chanreln shonld 2o e swme
3 Same 18 | above Same as t abuve. WMMW&W@QW Croand offset sheondd he Yan dhon
cillesespe chanuel connected to 2@ vde
ANODE VOLTAGHE & ¥/16 KV
tewvmnal B3
4 Pulse gonerator Baume an L sbove Conneet pulse goserstar snd ooe | Pulve goaeraior wavefiom deghingub
Qutpat ampli- channel of cesoseory o pin e batly eneillonespe chamaein,
vade 3 voits. K&2-C (signal) and L16 @grownd)
Palse width of 428 VDO PS kigl voliage lcadn
380G rmeresesvads 14542 fig 3~4).
Frequeney
3 Bame 32 ¢ sbove Same as | above Conneet the other catrlivacope chan- | Buth channels #icuild e the swaave
nei o FOCUS VOITAGE 275 wmplitade
YW BV termingt 44 on Unit
&Y Comgpare the ampiitudes of
the two channels of the cseille-

seage.
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Table 3-36. High Voltage Load Test - Continued

mmmm@mmm Cltlnes. shwouid) e boas tha $05 wile

channe
FOUIR VOLTAGE 2% V27
EV wonmans) e

v Siaome g 4 slove, B w1 wdove o Romove coad 14542 from shees- | o Hone
tonder and replare baek in pesel
1AL

& Replase pamel 1A% badh o ol | & HNome
e,

¢ Baplare I8 srvews om e frezt | ¢ Noze
pamich ol 141

oting Froesdere The f{ollowing procedure

Table 3-37. High Voltage Load Troubleshooting

fommn
§ WMmeu Dafsotzve +2B wic power sepply snd | Replase +28 vde power sup=y 2ad Ligh vl
VLT aGE 1RV gl snliage Joat JALAZ ageload LAIAZ
ool LB s i,
-4 Waneform shworms] or sising at | Defertive 28 wde power supply and | Reploce 428 vée puwer svpply sad high waii-
POCLUE WY AGE 275V TERY bagh voltage load 1ALA2 wge loud 14142

imvemad B4 tem pola

& & Bousasee from JAIAS-B4L W | @ Dellery
pround LAIAS-B5 widh IAIAD
e i oot ZOUE.

& Bovigsore from 1AIAS-B1 w | & Deleriwesnodeload 1ALAG & BRepletesnode load 1ALAG
LALAS- T not § meg o

4 % Bevvamse from JALAE-E4 to | « Defective forusiond 14145 ¢ Reglace Cocus fond LALAS g 3-4b
resmved s st 110K ohen,

& fowistsone from JAVAS-EL W] b Defertive fosusload JALAL. & Heplace facus load 1AIAS(lig 3-8
LAIAE~ B it | megpuiam,

 anode lops 1A1AG, ¢ Replace suode losd IALAS

Section I11. DIRECT SUPPORT MAINTENANCE OF
TEST SET GROUP

eguipment for shiomen! or limited storage.

3-34. General (6) Physical tests and i o,
o. Direct suppert maintenance of the test set group {T) Electrical tests.
inclodes the fcliowing b. The above maintenance procedures suuplement
{1) Remova! and replacement prosedures. those maintenance nrocedures performed at the bower
{@WW cateeories of maintenance. Refer to TM
{3) Ch 11-3325-12 when servicing the equipment.
4 Pmm performing operatwnsl checks, or preparing ihe

(1 Calibes

3-38



3-35. Removal and Replacement Techniques

Mous parts of the test et group can be reached and

coplaced withon!t speeial provedures. The general
m@mmw&mm

"WN”WWMWWW
mmmﬁwmmmmﬁmwm
memmmwﬁm“
wires.

4. Cheel the enmtire equipment for evidence of

3-36. Removal and Replacement Procedures

WARNING

Removal and replaceraent of components at the direct
sapport maintsmance category are obvious upom in-
speetion of the parts location illustrations and require
no special natructions.
@ Test Set Subassembly MX-8633A/APS~9D,

Umwit 141

(1) Remove the 18 screws securing unit 1Al
fromt pane! to the ease.

(2) Carefully lift the panel from the case.

(3) Refer tolfigures 3-31and 3-4 for location of
parts.

CAUTION

When removing plug-in modules from the
chaassis, pull straight out. Do not twist or
otherwise put stress on these boards.

b. Test Set Subassembly MX—-86338A/APS-84D,
Unit 142
{1) Remove the I8 serews securing unit 1A2
front panel to the case.
(2) Carefully lift the panel from the case.
(3) Refer to[Tigure 3-§ through 3-9 for location
of parts.
U:. Teat Set Subassembly MX~-86394/APS-94D,
it 2.
(1) Remove the 18 screws securing unit 2 front
panel to the esse.
(2) Carefully lift the pane! from the case

(3) Refer t_figure 3-10 through 3-13 for loca-
tion of parts.
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3-37. Cable Repair

NOTE
The wires within eseh eable aze connected
to asscciated pins as follows: piz A W pin
A, pin B to pin B, ete. In certain cables, the
wires are connectsd to assceiated pics sa
follows: pin A to 1, pin B to 2, ete.

ingity of the cable

(8o continuity).

¢. Replace wire with wire of identical type, sizts,
szd gauge.

dmwmmhmwuyd@s
sbove methods, refer to higher catsgory of main-
tenanes.

3-38.

Cleaning
WARNING

toxie. Provide timwgk wwﬁiﬂaﬁm
whenever it is used; avoid prolonged er
repeated breathing of vaper. Do net use
near an open flame or hot surface,
trichioroethane is nonflammable hut heat
converts the fumes to a highly toxie
pmmthmm&wmw
result in serious injury or death.

or repeated skin comtact with
trichloroethane can cause skin inflasama-
tion. When necessary, use gloves, sleeves,
and aprons which the solvent camnet
penetrate.

¢. Clean dirt and grime from switeh contacts, cable
connectors, mmmmm
b Rmmdmmmtmmwm
surfaces of the equipment. Use clean cloth dampened
with mild soap or detergent if necessary.
3-39. Painting

a. Minor damage to finishes on the equipment,
such as small seratches, require touchup painting the
affected areas only. Major surface damage requires
complete repainting. Major surface damage to the
equipment would normally be forwarded to higher
category of maintenance.

b. Inspect the equipment to determine the extent

of painting required. Refer to TB 43-0118, Field

Instructions for Painting and Preserving Electronics
Command Equipment, for information on painting.

3-40. Calibration

Paragraphs 3-41 through 3-43 coniis the
adjustment procedures necessary to calibrate the test

3-39
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Figure 3-3. Test Set Subassembly MX-3433A/APS-94D, Unit 1A1 front panel, parts location.

-
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TAIP8T
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Figure 3-4. Test Set Subassembly MX-8638A/APS-94D, 1A1, rear chassis view, parts location.

set group. The only calibration required at the direct
support maintenance leve! are the servo control syn-
chro coarse and fine calibration, and GS/DFT dial
calibration.

3-41. ServoControl-Synchro Coarse Calibration

a Test Equipment Required. The multimeter is
the only test equipment required for the calibration

b Pmﬁnm Procedures.

(1) Remove the 18 machine screws that secure
panel of unit 1A2 in case.

(2) Carefully lift panel from case.

{3) Position all subassemolies or a clean
workbench with a convenient access to both front and
rear panel of unit 1A2.

(4) Deenergize 1153 vac, 400 Hz and +28 vdc
bench power cireuits.

(5) Open (trip) AC, DC, LOW VOLTAGE, and
ﬁﬂ VOLTAGE RESET circuit breakers on unit

(6) Set POWER switeh on unit 2 to OFF.

¢. Test Setup and Conditions.

(1) Connect the equipment as illustrated in
figure FO-4.
(2) Set all switches and controls to the off, down,
or fully counterclockwise position.
d Initial Tes: Equipment Calibration. Set the
multimeter FUNCTION switeh to AC VOLTS and
connect the probes on the multimeter to measure 1¢

vae.
e. Calibration Procedure.

(1) Disconv.act cable W4 from NAV SIM/RACK
connector 1AZJ18.

(2) Perform the equipment comnections as il-
lustrated in A, figure 3—1.

(3) Energize the 115 vac, 400 Hz and +28 vde
bench power circuits.

(4) Close all circuit breakers, except HIGH
VOLTAGE RESET brezker on unit 1A2 and set the
POWER switch on unit 2 to ON position.

(5) Turn the SERVO LOOP switch on unit 2 to
DPT and set the ILLUM switch on unit 1A2 to ON.

(6) Disassemble the locking mechanism of the
NAYV SIM dial on the panel of unit 1A2.

(7) Turn the NAV SIM dial in either direction

3-41
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Figure 3-5. Test Set Subassembly MX-8633A/APS-94D, Unit 1A2, front pand parts location.
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Figure 3-6. Test Set Subassembly Mx-8638A/APS-94D, Unit 1A2, rear chasds top view, parts location.
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Figure 3-7. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 rear chassis bottom view, parts location
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Figure 3-8. Test Set Subassembly MX8638A/APS-94D, Unit 1A2, rear chassis parts location
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Figure 3-9. Termina board 1A2TB3, parts location.

{ten revolutions maximum) to obtain maximum
defleetion of the multimeter.

(8) Reassemble the lockiag mechanism of the
NAV SIM dial.

{9) Turn the NAV 8IM dial to 0 and loek the dial
at this setting with the dial lock.

(10) Locsen the three clamp screws that secure
the case of synchro motor 1A2B1 (fig. 3-8).

{11) Obaerve the multimeter and slowly turn the
case of motor 1A2B! to produce a maximum deflee-
tion on the mulitmeter.

{12} Tighten the three clamp serews chat secure
the case of motor 1A2B1.

(13) Recomnect cable W4 to NAV SIM/RACK
connector 1A2J18.

3-42. Servocontrol Synchro Fine Calibration

a Test BEquipment Reguired. The multimeter is
the only test equipment required for the calibration

procedure.
in paragraph 8—41b.
¢. Teat Setup and Conagistions. Same s described in
paragraph 3—41c.
d. Initial Test Bguipment (shbrobtion. Bame as
deseribed In paragragh 3~414.
e Cobibration Procedure.
(1) Disconnect cable W4 from NAV SIM/RACK
connector 1A2J18.
(2) Perform the equipment connections as il
lustrated in B, figure 3-1.
(8) Perform instruetions (3} through (5} in
paragraph 3—-4le.
(4) Turn the NAV SIM dial on unit 142 t0 0 and
lock the dia! at this setting with the dial Jock.
(5) Locsen the three clarap screws (fig. 33 that
secure the case of synchro motor 1A2B1.
(6) Observe the raultimeter and slowly turn the

3-45
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Figure 3-10. Test Set Subassembly MX-8632A/APS-94D, Unit 2, front panel, parts location.

mﬁmmwl to produce minimum
mmcﬁmpwmtmmm
mmwmmm 1A2B1.

{8) Unlock the NAV SIM dial and carefully rock
the dial to identify the precise position of the mul-
timeter null

(9) Lock the dia! at the pesition determined in (8)
above.

{10} Loosen the screws that secure the indication
reference so that the dis! indicates O; then tighten the

¢t cable W4 w NAV SIM/RACK

3-43. GS/DFT Dial Calibration

a Test Equipment Reguired. Mone required.
b. Preliminary Procedures. Perform instructions
given in (3) thmuch (6) of paragraph 3-41b.
¢. Test Setup and Conditions. Same as described in
paragraph 3-4lc.
d. Calibration Procedures.
CAUTI ON

Domtstumptmmmme(}s{ﬂndm
manuslly while the disl is secured to the
dial shaft. Equipment damage ray result.

(1) Perform instructions (8) and (4) of psragraph
3~-4dle.
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Figure 3-11. Test Set Subassembly MX-8639A/APD-94D, Unit 2 rear chassis new, parts location
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Figure 3-12. Test Set Subassembly MX-8639A/APS-94D, Unit 2, bottom chassis new, parts location
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Figure 3-13. Terminal board
m%&&mmwm

parts locations

the dial off the dial shafy.

m Adgn 0 on the disl and the indexing line on
the indication reference for the dial; then slide m
dial bwk ono the dial shalt and tighten the setecres
in the dall hub.

(&) Remeove the indication reference for mém

{9) imstall the dial piastic cover and indication
reference for the Sisl, taking care tw align &Mt@&w
tion reference index line with the disl 0.

Section 1V. DIRECT SUPPORT TESTING PROCEDURES

3-44. General

mﬁmﬁm mpwsib&a !’w é;:me& support
of o )

3-45. Physical Tests and Inspections

following physical tests cover each
mmmtﬁm@mwwmdzwm into three
groups covering the test sel group a5 follows: Test Set
Subasserably MX-2836A/APS-940 (indicator
gimulator unit 1AY) Cower); (indicstor simuletor
unit 1AZ} (upper), and ’K‘mt Set Subsssembly
MX-8639A7 APE~-%D (g stor simuiator unit 2).
The physical tests and i ewmmm mww;mw
08 €8 .. componunt being tested belore it is connected
inlo its test setup. mmwdmwmzwmiw
minimize the possibility of damuge cavs=d by the
appiication of bench power.

mwmwu@iﬂmﬁwmm per-
m‘ﬂ%huﬁmmﬁmmmmw
MMWMWMWM

b Test Equipment Reguired None reguired.
c?mwmmmmw Pregare the
squipment “or test as directed below.
m Eﬁwﬁm&emﬂeﬂwm air pressure b




spiae S el (et et

i Pull wy on each of the ﬁmist eover latches and
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o3 Yepapate th

o A
AQRIPITENt 65 & Wila . & i

 whe red bation at ﬁw esnter of breather

eavers and arrange the
* bench that is capable of

3-46. Indicator

Simulator,
Test and Inspections

Perform the indicator simulator, unit 1A1, physical
test and inspection as described ir table 3—38 below.

T™M 11-6625-1833-30

accommodating the test set group.

Unit 1A1, Physical

Teble 3-38. Indicator Simulator. Unit 1A, Indicator Physicd Test and Ingpection

Test Procedure

Performance

Standard

a. Inspect all conicol and n.echanical
assemblies for loose or micsing
gerews, bolts, and nuts.

b. Inapect jacks J1 through Jil for
damage

a. Remove 4 screws, lockwashers,
and washers securing the filter
housing to control panel. Inspect
remoed parts

b Remove the filter el¢ment and
visually inapect 1t After inspec-
tion, replace ail parts removed

Remove iow voltage regulator cover
plate and inspect low voltage
reguiator subassembly 1A1A4 for
gecure poditioning in mating cou-
nector Replace all parts removed.

Remove lens cover from HIGH
VOLTAGE ON indicator lamp In-
spect the lamp for securzness in
their connectors. Repirce lens
cover after inepection

a. Screws, bolts, and nuts must be
tight, none missing.

b Mo looseness or damage evident.

2 No mechanical damage evident,
rfi gasket not cracked, torn, or
pinched

b dirt or foreign cbjects visible

Subassembly 1A1A4 is secure in
connectar

Lamp secure 1n connector, lens cover
intact.

Comurol Settings
So. Equipment Usder Test
§ Hene Controls may be in any
position.
p- Mg Comrols may be ‘o any
pesition
3 Jose Controls may be in any
poBilion
& Hone Ceutrols may be tin any
position
3-47. Indicator Simulator, Unit 1A2,

Physicdl Test and

Inspection

Perform the indicator simulator, unit 1A2, paysical test and inspection as described in table 3—39 below.

Table 3-39. Indicator Simulator Unit 1A2, Physical Test and Inspection

Test Procedure

Performance
Standard

Control Settings
Teat Equipment Equipment Under Test
Home Controls may te n any
position
None Con*soic may be in any

position

e Inspect all controls, mechanical
assemblies and panels for lcose
or missing screws, bolts, and
nuts

b Inspect jacks J1 through J?5 for
evidence of damage

Remove screws from VIDEO AM-
PLIFIER access ccver, remove
cover and inspect assembly 1A2A6
for security in its mating con-
=ector Replace all parts removed

a Screwy, bolts, and nuts must be
tight: none missing

b Nolooseness or damage evident

Assembly 1A2A6 1s secure in its con-
nector All removed parts now
secured.

3-49
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Table 3-39. Indicator Smulator, Unit 1A2, Physical Test and |nspection-Continued

Controi Settings
Step Performance
No. Test Procedure Standard
Test Equipment Equipment Under Test
3 None Controls may be in any | a. Turn the NAV SIM control from |a. Control operates freely in both di-

position

one extreme to the other and
back.

b. Actuate (in the direction of the
arrow) and release the PANEL
LIGHTS TEST switch.

¢ Operate the following ON/OFZF
switches' BITE, ILLUM, TEST
VIDEO, VERTICAL OFFSET
OVERRIDE, HIGH VOLTAGE
and UNBLANK.

d Operate the following controls
throughout their full range of
mechanical travel FT GAIN,
FILM SPEED CONTROL, and

VIDEO AMPLITUDE

rections throughout its range.

b Switch operates freely and re-
turns to its normal operating
position

¢ Allswitches operate freely

d All controls operate freely
throughout the full range of
mechanical travel, no rough-
ness or binding evident

3-48. Generator Simulator, Unit 2, Physical

Test and Inspection

Perform the generator simulator, unit 2, physical test and inspection as described in[fable 3-40] below.

Table 3-40. Generator Simulator, Unit 2, Physical Test and Inspection

Step
No.

Test Procedure

Performance
Standard

Control Settings
T-st Equipment Equipment Under Test

None Controls may be in any
position.

None Controls may be in any
position

None Controls may be in any
position.

None Controls may be in any

position.

a. Inspect all controls and mechani-
cal assemblies for loose or miss-
ing screws, bolts, and nuts.

b Inspect jacks J1 through J5 for
damage

Remove screws securing the SERVO
AMPLIFIER and SWEEP GEN-
ERATOR access covers and in-
spect the subassemblies for secure-
ness in their mating connectors
Replace covers after inspection.

Remove screws from HORIZONTAL
AMPLIFIER access cover and re-
move cover. Inspect subassembly
2A2 for secureness in its mating
connector Replace cover after in-
spection.

[o. Actuate (in the direction of the
arrow} and release the PANEL
LIGHTS TEST switch.

b Operate the POWER ON/OFF
switch to both positions.

e Operute the NAVIGATION switch
to all three positions.

a Screws, bolts, and nuts must be
tight, none missing

b Jacks show no evidence of loose-
ness or damage

Subassemblies secure in then
mating connectors, covers intact

Subassembly 2A2 18 secure in its
mating connector

a. Switch operates freely and re-
turrs ‘o its normal operating
position.

b Switch operates freely in both di-
rections

¢ Switch operates freely in all three
positions.
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Table 3-40. Generator Smulator, Unit 2, Physical Test and Inspection-Continued

7

Control Settings

Test Equipment

Equipment Under Test

Test Procedure

Performance
Standard

d. Operate the following controls to
all their panel-indicated posi-
tions: RANGE, ANTENNA,
SERVQO LOOP, DISPLAY,
DRIFT ANGLE, GS/DFT
DRIVE, and HORIZONTAL
AMPLIFIER and VERTICAL

AMPLIFIER controls.
e Operate the following controls

throughout their full range of
mechanical travel. OFFSET
and INTENSITY controls

d All controls operate freely to each
of thewr panel-indicated posi-
tions

e All controls operate freely
throughout their range of
mechanical travel, no rough-

ness or binding evider:t
T

3-49. Electrical Tests

a. Tools and Test Equipment Required.
(1) Multimeter AN/USM-223.
(2) Oscilloscope AN/USM—281C.
(3) Transformer, Variable Power, Genera Radio
Type M2G3.
(4) Voltmeter, Digital AN/GSM-64B.
(5) Generator, Signal SG-1105/G.
(6) Tool Kit, Electronic Equipment TK-105/G.
(‘7) Termination, 100-ohm HP 10100B.
b. Test Conditions and Connections.

(1) Arrange the equipment on a workbench in
the following left-to-right order. Indicator simulator
(unit 1A2), generator simulator (unit 2), and indicator
simulator (unit 1A1).

(2) Connect interconnecting cables to the test set
group as illustrated in figure FO-4.

(3) Perform the preliminary procedures given in
[paragraph 3-15]

c. Procedure. The electrical tests for the test set
group are identical to the bench tests given in Section
I, Troubleshooting. Perform all the bench tests in
Section Il in the sequence given.

Section V. WIRE LIST FOR TEST SET GROUP,
INDICATOR, RADAR OQ-63A/APS-94D

3-50. General

This section contains the wire lists for the test set
group. The wire lists cover the wiring for the three
vnits of the test set group. Each list presents point-to-
point (from and to) data in alphanumerical sequence

and the wire number. The lists are also double-ended,
that is, any one wire appears twice in the left hand

column with the From and To locations (wire ends)
occurring in aphanumerical sequence. Wired in sub-

assemblies are covered by individual illustrations
which are referenced in the appropriate
troubleshooting paragraphs.

3-51. Test Set Subassembly M X-8638A/APS-
94D, Unit 1A1 WirelList

The wire list for unit 1A1 is presented in[fable 3-411
The wire list will be an ad to the repairman when
testing or troubleshooting unit 1A1.

Table 3-41. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire List

From To Wire No From To Wire No.
As-EL B2 182 A6-E5 E-17 180

- 2- 181
e Az . Bl-A E-6 215
A6-E1 E-1 118 BL1-B E-7 216
AS-E4 XA2-3 179 B1-C E-8 a1
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Test Set Subassembly MX-8638A/APS 94D, Uniit 1AL, Wire Last- Continued

From To Wire No. From To Wire No.
E-1 A6-E1 178 J1-TP1 E-6 13
E-2 A5-El 182 J1-TP1 Ti-1 288
E-3 XA2-D 200 J1-TP1 Jd-A 1
E-4 XA2-B 199 J1-TP2 E7 14
E-5 XA2-P 194 JN-TP2 J1-B 2
E-6 R1-A 215 J-TP2 T1-2 22
E-6 XAl-A 16 J1~-TP8 E-8 15
E-6 J1-TP1 13 J1-TP3 Ja-C 3
E-7 XAl1-B W7 J1~-TP4 NC

E-17 Bl1-B 21% J1-TP5 NC

E-7 J-TP2 1 J1-TP6 XA2-E 154
E-8 XA1-C 18 J1-TP6 J1-H 5
E-8 B1-C 217 J1-TPT NC

E-8 J1-TP3 15 J1-TP8 XA2-5 15B
E-9 J3-TP10 83 J1-TP9 NC

E-9 J3-TP8 81 J1-TP10 XA1-K 21
E-9 J3-TP12 85 J1-TP10 J1-K 6
E-10 J4-TP19 118 J1-TP11 J1-L 7
E-10 J4~-TP41 123 J1-TP11 XAl-L 22
E-10 XDS2-2 220 J1-TP12 XA2-6 15C
E-11 J5-TP13 148 J1-TP12 Ji-M 8
E-11 J5-TP14 149 J1-TP13 Ji=-N 9
E-11 J5~TP25 154 J1~-TP13 XA1-N 24
E-11 ADS1-2 218 J1-TPi4 Ji-P 10
E-12 J1-TP3 159 J1-TP14 XA1-P 25
E-12 J7-TP15 161 J1-TPI5 Ji-R 26
E-12 S1-3 222 J1~-TP16 NC

E-13 J9-TP11 176 JN-TP17 NC

E-13 J9-TP12 177 J1-TPi8 Ji=-U 12
E-14 R1-2 221 J1-TPIR XA1-U 27
E-15 YA6-A 186 J1-TP19 NC

E-16 XA2-A 197 J1-1P20 NC

E-16 XA2-22 198 J1-TP21 NC

E-16 PS1-2 227 J1-TP22 NC

E-17 A5-E5 183 J1-TP28 NC

E-17 A6-Eb 180 J1-TP24 NC

E-18 J2~-TP3 49 J1-TP25 NC

E-18 J2-TP19 53 J1-TP26 NC

J1-A J1-TP1 1 J2-A J2-TP1 bl
J1-B J1-TP2 2 J2- B J2-TP2 20
J1-C J1-TP3 3 J2-C J2-TPa 30
Ji-D NC J2-D NC

J1-E NC J2-B NC

J1-F J1-TP6 4 Je-F J2-TP6 2
J1-G NC §2-G NC

Ji-Hd J1-TP8 5 J2-H NC

J1-J NC J2-J NC

J1-K J1-TP10 6 J2-K NC

J1-L J1-TP11 7 J2-L J2=TP11 a2
Ji-M J1-TP12 8 J2-M J2-TP12 33
J1-N J1-TP13 9 J2=N J2-TP38 34
J1-P J1-TP14 10 J2-p J2-TP14 35
J1-R J1-TP15 11 J2-R J2- TP15 36
J1-8 NC J2-8 J2-TP16 37
JN-T NC J2-T J2-TP17 38
a-u J1-1P18 12 J2-U J2-TPi8 39
J1-V NC 32V 22-1TP19 40
N-w NC J2-W J2-TP20 1
J1-X NC J2-% Je-Tr az
J1-Y NC J2-v J2-TP2 44
N-2 NC J2-7 Jo- TR 44
Jl-a NC J2-a J2-TP24 b
Ji1-b NC J2-b NC

Jl-¢ NC Jg-e §2- TP 46
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Table 3-41. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire Ligt-Continued

From To Wire No. From To Wire No.
Jz-d NC J3-TP1 XA2-S 4
2-e NC J3-TP1 J3-A 55
Jo-f NC J3-TP2 XA2-2 75
J2-g NC J3-TP2 J3-A 56
J2-h NC J3-TP3 J3-TP6 T6
J2-i NC J3-TP3 J3-C 57
J2-j NC J3-TP4 T1-5 Kig
J2-k NC J3-TP4 J3-D 58
§2-1 NC J3-TP5 XA2-9 k(]
J2-m NC J3-TP5 J3-E 59
J2-n NC J3-TP6 XA2-F 9
J2-p NC J3-TP6 J3-F 60
J2-r NC J3-TP6 J3-TP3 6
J2-3 NC J3-TP7 I3-G 61
J2-t NC J3-TP7 XA2-1 80
J2-TP1 j2-A 2 J3-TP8 J3-H 62
J2-TP1 XA6-U 47 J3-TP8 E9 81
J2-TP2 XA6-W 48 J3-TP9 XA2-8 82
2-TP2 J2-B 29 J3-TP9 J3-J 63
J2-TP2 J2-TP12 54 J3-TP10 J3-K 64
J2-TP3 J2-C 30 J3-TP10 E9 83
J2-TP3 E-18 49 J3-TP11 XA2-R 84
J2-TP6 R1-1 50 J3-TP11 J3-L 65
J2-TP6 J2-F 31 J3-TP12 E9 85
J2-TP11 E-18 51 J3-TP12 J3-M 66
J2-TP11 J2-L 32 J3~-TP13 J3-N 67
J2-TP12 J5-TP19 52 J3-TP14 J3-P 68
J2-TP12 J2-M 33 J3-TP15 J3-R 69
J2-TP12 J2-TP2 54 J3-TP16 NC

J2-TP13 J2-N H J3-TP17 NC

J2-TP14 J2-P 35 J3-TP18 NC

J2-TP15 J2-R 36 J3-TP19 NC

J2-TP16 J2-8 37 , J4—=A J4-TP1 86
J2-TP17 J2-T 38 J4-B J4-TP2 87
J2-TP18 J2-U 39 J4-C J4-TP3 88
J2-TP18 J5—-TP8 143 J4-D J4-TP4 89
J2-TP19 E-18 53 J4-F J4-TP6 90
J2-TP19 J2-V 40 J4-G J4-TP7 91
J2-TP19 J5~-TPY 14 J4-H NC

J2-TP20 J2-w 41 J4-J J4-TP9 92
Jz-TP21 J2-X 42 J4-K J4-TP10 93
J2~-TP22 J2-Y 43 Ja~L J4-TPi1 94
J2-TP23 J2-2 44 J4-M J4-TP12 95
J2-TP24 J2-a 45 J4-N J4-TP13 96
J2-TP26 J2-¢ 46 J4-P J4-TP14 97
J3—-A J3-TP1 55 J4-R J4-TP15 98
J3-B J3-TP2 56 J4-S J4-TP16 99
J3-C J3-TP3 57 Ja-T J4-TP17 100
J3-D J3-TP4 58 J4-U J4-TP18 101
J3-E J3-TP5 59 J4-V J4-TP19 102
J3-F J3-TP6 60 J4-W J4-TP20 103
J3-G J3-TP7 61 J4-X NC

J3-H 5-TP8 62 Ja-Y NC

J3-J J3-TP9 63 J4-Z NC

33-K J3-TP10 64 Ji-a J4-TP24 104
J3-L J3-TP11 65 J4-b J4-TP25 105
J3-M J3-TP12 66 Ja-c NC

J3—-N J3-TP13 67 Ja-d NC

J3-P J3-TP14 68 J4—c J4-TP28 106
J3-R J3-TP15 69 J4-f J4-TP29 107
J3-8 NC Ji-g J4-TP30 108
53-T NC J4-h J4-TP31 109
J3-U NC J4-3 NC

J3-v NC Ja-k NC
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Table 3-41. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire List - Continued

From To Wire No. From To Wire No.
J4-1 NC JsJ J5~-TP9 128
J4-m NC J5K J5-TP10 120
Jé-n NC J5L J5-TP11 130
J4-p NC J5M J5-TP12 181
Jé-r J4-TP39 110 JEN J5-TP18 182
J4~s8 NC J5P 35-TP14 138
Ja-t J4-TP41 111 J5R NC

J4-TP1 J4-A 86 J58 NC

J4-TP2 J4-B 87 J5T NC

J4-TP8 J4a—C 88 U J5-TP18 134
J4—~TP4 J4-D 89 JsV J5~-TP1S 185
J4-TPS NC W NC

J4-TP6 XA2-16 112 JsX NC

J4-TP6 Ja-F 90 JsY J5-TP22 125
J4-TPS J4-TP16 116 J52 J5-TP23 157
J4-TP7 XA2-2 113 J5a J5-TP24 188
J4-TP7 J4-G 81 J5b J5~TP25 139
J4~TP8 NC J5¢ NC

J4-TP? Ja-J) 92 J5-TP1 Jo—-A 12
J4-TP10 J4-K ] J5~-TP1 PSI-3 140
J4-TP11 Ja-L 94 35-TP2 J5-B 125
J4-TP12 J4-M 95 J5-TP2 I5-TP3 142
J4-TP13 XDS2-1 114 J5-TP2 PSI-4 1@
J4-TP18 J4-N 86 J5-TP8 J5-7p2 142
J4-TP14 XA6-B 115 J5-TP8 35-C 125
J4-TP14 J4-P N J5-TP8 5=-H 127
J4-TP15 J4-R 98 J5-TP9 J5-3 128
J4-TP16 J4-TP6 116 J5-TP10 J5-K 129
J4~TP16 Ja-5 99 J5-TP11 Jo-L 130
J4-TP17 Ti-5 117 J5-TP12 J5-M 131
J4-TP17 J4-T 100 J5-TP18 J5-N 132
J4-TP18 Ja-U 101 J5-TP1¢ J5-P 138
J4-TP19 E10 118 J5-TP16 NC

J4-TP19 -V 102 J5-TP17 NC

J4--TP20 Ji-W 103 J5~TP!8 J5-U 134
J4-TP21 NC J5-TP19 J5-V 135
J4-TP22 NC J5-1P19 Je-TPi2 53
J4-TP23 NC J5- (P20 NC

J4-TP24 Jé—a 104 J5-TP2i NC

J4-TP25 J4-b 105 J5 -TP22 Js-Y 136
J4--TP26 NC J6~TP23 J5-Z 187
J4-TP27 NC J5-TP24 J5-a 188
J4-TP28 Ji-e 106 J5-TP25 J5~b 139
J4-TP29 Ja~t 107 J5-TP26 NC

J4-TP30 J-g 108 J1-A 31-TP1 166
J4-TPS1 J4-h 109 -8B NC

J4~-TP32 NC Ji-C J1-TP3 157
J4-1P38 NC J1-D NC

J4-TP34 NC J1-E NC

J4-TP35 NC N-F NC

J4-TP36 NC -G NC

J4-TP37 NC J7-H NC

J4-TP38 NC J1-§ NC

J4-TP39 J4-r 110 J-K NC

J4-TP40 NC J1-L NC

J4-TP41 Je=t 1m J1-M J1-TP12 156
J6A J6--TP1 124 J1-N NC

J5B J5-TP2 125 J1-p NC

J8C J5-T"8 126 J1-R SHIELD

J5D NG =5 NC

J5E N N-TP J1-A 166
JBF NC N-ThM XA6-P 168
G MC J71-TP3 E12 158
J5H J5-TP8 127 J7-TP3 J7-C 157
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Table 3-41. Test Set Subassembly MX8638A/APD-94D Unit 1A1, Wire List - Continued

To Wire No. From To Wire No.
FT-TP12 XA8-V 160 NC 2-G
Fi-1P12 1-M 158 NC J2-H
-TP15 E-12 161 NC J2-J
-TPi5 SHIELD CF M 160A NC J2-K
J1-7P17 SHIELDOFM 155B NC J2-b
A 33-TP1 162 NC J2-d
-8B J9-TP2 183 NC J2-e
»H-C NC NC J2-f
3B-D J9-TP4 164 NC 2-g
H-B NC NC J2-h
3-P J9-TP6 168 NC J2-i
BH-G NC NC 32-j
Jo-H NC NC J2-k
39-J NC NC J32-1
BH-KE NC NC J2-m
J8-L J9-TP11 166 NC J2-a
B-L J33--TPi2 167 NC J2-P
J~N J9-TP13 168 NC J2-r
B-P J9-TP14 169 NC J2-8
»B-R J9-TP15 170 NC J2-t
J2-8 J8-~-TP16 n NC J3-8
8~T J3-TP17 172 NC J8-T
J8-U J9-TP18 173 NC J3-U
N~V J9-TP19 174 NC J3-v
5-TP1 J9-A 162 NC Ja-H
»-TP1 XA6-B 175 NC J4-X
B-TP2 Jo-B 175 NC Ja-Y
33-TPC NC NC Ja-2
J9—-TP4 J9-D 164 NC Jd-c
J9-TP5 NC NC Ja-d
39-TP6 J9-F 165 NC J4-j
H-TPT NC NC Ja-k
HB-TP8 NC NC J4-1
R-TP9 NC NC J4-m
J8-TP10 NC NC J4-n
J9-TP11 E-13 176 NC J4-p
H-TP11 Jo9-L 166 NC J4-s
HB-TP12 Jo-M 167 NC J5—¢
J8-TP12 E-13 im NC 35-d
HB-TP13 J9-~-N 168 NC J5-E
33-TP14 J9-P 169 NC J5-F
3B8-TP15 J9-R 170 NC 35-G
J3-TP16 J9-8 1M NC J5-R
J9-TP17 J9-T 172 NC J5-8
J9-TP18 Jo-U 173 NC J5-T
J8-TP19 J83-V 174 NC J5-W
-1 XA2-Y 205 NC J5-X
L1-2 XA2-20 210 NC J5-TP4
NC J1-W NC J5-TP5
NC N-X NC J5-TP6
NC J1-Y NC J5-TP7
NC J1-2 NC J5-TP15
NC Jl-a NC J5-TP16
NC J1-b NC I5-TP17
NC Ji~c NC J45-TP19
NC J2~-d NC J5-TP20
NC Ji-D NC J5-TP21
NC J1-E NC J5—TP26
NC J1-G NC J7-B
NC J1-J NC J-D
NC J1-8 NC J7-E
NC J1-T NC J7-F
NC -V NC -G
NC J2-E NC J1-H

3-55
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Table 3-41. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire Ligt-Continued

From To Wire No. From To Wire No.
NC J1-3§ XAi-Z NC

NC J1-K XAl-a NC

NC J1-L XAl-b NC

NC J1-N XA2-A NC

NC J7-P XA2-A E-16 197
NC n-8 XA2-A XA2-1 195
NC 39-C XA2-A E-16 197
NC 39-E XA42~B E-4 199
NC J9-G XA2-C A5-E4 151
NC J9-H XA2-D E3 200
NC Jo-J XA2-E XA6-U 193
NC Jo-K XA2-F J3-TPs e
PS1-1 82-1 223 XA2~F XA2-L 201
PS1-1 XDS1-2 219 XA2-G NC

PS1-2 E16 227 XA2-H S3-3 202
PS1-3 J5-TP1 140 XA2-J T1-6 203
PS1-4 J5-TP2 141 XA2-K NC

R2-1 J5-TP10 145 XA2-L J4-TP29 120
R2-2 J5~TP11 146 XA2-L XA2-M 206
R2-3 J5-TP12 147 XA2-M T1-7 211
R3-1 J5-TP22 151 XA2-M 83-1 212
R3-2 J5~TP3 152 XA2-M XA2-L 206
R3-3 J5-TP24 108 XA2-N NC

SHIELD OF A SHIELD OF M 155B XA2-P E-5 194
SHIELDOFe&f | J4-TP28 19 XA2-R J3-TP11 84
SHIELD OF M J1-R 156A XA2-S XA2-15 213
SHIELD OF M SHIELDOF A 158B XA2-S J3-TP9 82
S1-W XA6-D 189 XA2-S J3-TP1 74
si-1 XA6-E 188 XA2-T XA6-Y 191
S1-2 XA6-E 190 XA2-U NC

S3-1 XA2-M 212 XA2-V T1-9 204
§3-2 XA2-6 207 XA2-W NC

83-3 XA2-H 202 XA2-X NC

S3-4 XA2-T 208 XA2-Y L1-1 205
T1-5 J3-TP4 i XA2-7 J3-TP2 7
T1-5 J4-TP17 117 XA2-Z J4-TP? 113
T1-6 XA2-J 203 XA2-Z XA2-22 196
-7 83-1 225 XA2-1 J3-TP7 80
-7 XA2-M 211 XA2-1 XA2-A 195
T1-8 XA2-18 209 XA2-2 NC

Ti-9 XA2-V 204 XA2-3 A6-E4 179
XAl-A E6 16 XA2-4 NC

XA1-B E7 1 XA2-5 J1-TP8 15B
XA1-C E8 18 XAZ-5 J5-TP18 150
XA1-D NC XA2-5 XA6-W 192
XAl-E NC XA2-6 J1-TP12 15C
XAl1-F XA6-T 19 XA2-6 S1-2 207
XAl-G NC XA2-17 S1-4 208
XA1-H XA6-W 2 XA2-8 NC

Xa1-J NC XA2-9 J3-TP5 8
XA1-K J1-TP10 21 XA2-9 J4~TP30 121
XAl1-L J1-TP11 22 XA2-19 S3-W 226
XA1-M XA6-X 23 XA2-11 NC

XA1-N J1-TP13 2 XA2-12 J4-TP39 122
XA1-P J1-TP14 25 XA2-13 NC

XA1-R J1-TP15 26 XA2-14 NC

XA1-8 NC XA2-16 XA2-16 214
X41-T NC XA2-15 Xa2-§ 213
XA1-U J1-TP18 27 XA2-15 S2-2 224
XA1-V NC XA2-16 XAa2-15 214
XAl-W NC XA2-16 J4-TP6 112
XA1-X NC XA2-17 NC

XAl-Y NC XA2-18 T1-8 209

3-56
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Table 3-41. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire Ligt - Continued

Poom e Wire Mo, Prom To Wire Me.
1s2-1% BC Xae-Y XA2-T 151
RAZ-20 Le-2 210 XA6-2 NC
152-31 NE XA6~1 X46-A 184
14222 B-18 158 XA6-2 NC
taz-22 42-2 1% XAE~-3 NC
ZA8—a E~15 t4g IAE-4 NC
RA6~-8 NC X465 NC
Eaé-C #i-1 188 X4é-€ NC
Eae-D Zy-W 158 XA8-7 NC
i4e-E g1-2 136 ¥46-8 NC
a6~ MC XA5-9 NC
HAa6~-G KC XA6-10 NC
Eas~-H NC Ea6-11 NC
| HAg-d NC Xa6-12 NC
TAG-KE NC Xa6-12 NC
| aké~-L NC XAG~14 NC
HAs~18 NC K46-15 NC
KAag—-nN NC XA6-18 NC
fA6-P M XAe~-1T NC
fae~-R NC Xa6~18 NC
£As~8 NC XA6-19 NC
Zad-T NC XAa8~20 NC
TAG~Y Kaz-8 192 Xa6~21 NC
p 7724 13 J2-TPL 47 X46-22 XA6-2 186
Eas-v M XDsi-1 PSi-1 219
Rae~-w L42=-5 192 Xb8L~-2 BE-11 218
fa6-X $2-TPl4 54 Xbsz-2 E-i0 20
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3-52. Test Set Subassembly MX-8638A/APD-94D, Unit 1A2 Wire List.

The wire list for unit 1A2 is presented in table 3-42. The wire list will be an aid to the repairman when

testing or troubleshooting unit 142

Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List

From— To— :i:. ] from— To— ::‘
B1—-R1 K5—B2 T08A F ES J16—~TP23 6834
Bi1-R2 K6—A2 7008 | ES J15—-TP21 6828
B1-81 K6é—B2 T18A E7 J15—TP20 €824
B1—-82 K8—-A2 718B E7 R14—CW 23¢
81638 J18—-TP8 277 El10 XA6-D 126
B1-83 418—-TP18 718C Ell Xas—-U 728
CB1—-Al é12-B 496 E18 Re<CCW 230
CB1—. FL2—-1 §27 ElL6 R10—CW 232
CB2-Al Ji3—A 6562 Els R18—3CW 238
CBS—A2 FL3—1 887 Elb R19—CCW 835
CB%-B1 Ji3-B €53 E16 ™e-1 233
Chis-B82 FL¢—1 €88 E1? 722 SHLD 829
cB2-C1 318—C @s8¢ E1? 722 SHLD 8so
Chg—-C2 FLS—1 és9 E17 722 SHLD 846
CEB3—AlL CB4—Al 878 E1? 720 SHLD as1
CB3—A2 J11-TP60 807 BE17 730 SHLD 832
Cas—-8i CB¢—B! 858 Ei8 K4—-X¢2 467
CB3—82 J11-T¥P81 608 E:8 682 SHLD L2
cB3-C1 CB¢—C1 8567 218 719 SHLD 828
CB3—Cs J11-TP52 601 E18 731 SHLD 827
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire Ligt - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire Ligt - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire Ligt - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire Ligt - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire Ligt - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List - Continued
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List - Continued

v w T -
Fas—-% 918 J26—-TPIE G
J38-¥ 919 J96-TPES 7 11
J96-2 830 J96-TPS4 88
Ji6-s 21 JEE-TPES -
I o8 J96—-TPIE 959
e 828 JI6—TP3T ThE
-4 286 J26-TP3E e ]
id—e 835 J86-TP39 ®T
4 925 J26—-TPel 288
dib—g 837 J26-TP41 441
Fih—t 279 J2E-TPS 618
EA1—3 e -2 g%
IeE— 280 T2 659
p TV ) 359 XAS—Y et
3y 831 J22-TP¢ 617
b TN 5 360 Te-§ &61
I 918 KAS~T g1
Jib—am 288 J23-TP3 616
A1V 361 Tg—} 640
J9t—a 920 XAG—F €30
i 468 J18-TP10 405 I
Xa-18 867 J28-TPY ol
Sy b} XD8I~1 699
XAs-23 282 FLE-2 698
Fp—y 287 J96-TPG 614
TEY-88 363 J22-TP10 613
480 288 PLI—-2 455
XAL-Y 64 XD81—2 45¢ |
Yo 1 H6-TPL 618
T82-13 452 CBe¢—-A2 6%
JUE=TPY 907 Ji16-TP2 614
) ] 08 CB¢—B2 625
J6—TPS 909 3(6-TP3 618
JE~TPe 910 CB¢—C2 628
J9E-TPS 264 Ke-X2 §37
JBE~THG 79 K3-7 §36
196~TPY 256 K3-5 533
dE5~TPB Bii #3—3 8579
TP 55 K3—2 871
JB-TPI0 912 Ke-D1 s87
JWB-TP, Y 913 K2-X1 §71
JBE~-TP: 2 Bi4 TB1—-16 876
S~ TPLD 916 Kz-D3 §7¢
J95-T% 14 816 K2-D2 638
J96~-TP15 64 86—1 634
JB-TPI6 440 K2-D1 $36
- NE 37 780
dm=4 we Ke~B1 825
-V JB~TPI9 o 35 720
Jo - we Ke—~Al €25
J56~K -9 916 KAG-18 197
-y JM—TPLL 919 33 728
IB-2 JI8—TPLS 920 J11-TPG6 746
%= J26-TP24 921 Ei8 487
1—% Jag-TP2s 922 J18—TP5 266
396 J36—TP26 823 Bi—R2 7008
3%—d Jas—TP27 934 J18-TP14 270
IB—e $26-TP28 925 J18~TPKE 267
326§ J98-TP29 926 B1-R1 TO84A
3% g JE-TP30 27 J18-TP13 %9
326~ 236-TP31 279 K6—X1 836



T™M 11-6625-1833-30

Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List - Continued

| wign
Puaan— P T..f o 7Y
K542 Es8—X2 87 | : s
Ka—al 192 8 gi%?l ns
Ke~A2 B1-62 7188 § ». a8
Ka—A3 H5-TRLT 272 | 5~3 e 1]
o ] NE-TP; w5 | KAS-38 )
ke84 B1~81 7184 | PLé—2 136
Ka—B3 T e | RAS~ S e
KE&-X%1 K3~%1 86 | PLI~-3 a5
Ke—X%1 TBI~17 18 RAS~S 885
K3-X3 K5—%2 st T8 8is
L1 S1-TP 3 433 -TP8 €19
L Jt -8 =7 XDES- i 234
L3 J1-TP10 238 Bas 76
L2 N1-TP1L 228 T84 38
L3 14798 29 I34~T98 ne
L3 N4-T0 23 8110 L1
L4 SR8 430 T L 354
L4 41 1 K3~ s3e
NC He-TP83 116 535
NC ILO-TPB4 8130 1)
He J1G- T80 p 7Y 132
NC 210-TP90 -1 G
MC 3101991 N1~1Ps 68y
NC S10-7992 J5-1P1 154
NC J10-TPo4 KASS L~ 189
NC J10~1P98 N1-1Pis 506
Ne J10~TP100 N5~TP2 37
NC J10—563 p TV Py
NC J10-68 KAGIL~I 240
nC 31084 NI-TH8 183
NC 31089 KABIL—R 88
NC JL0-90 TB1~8
NC e T2~13 a5a
NC Jo~92 KA~A L
NC 1004 N1-TP “T
NC 30 56 S5-TPiL “o
NC J10—1en ™I~4
NC 511198 ™16
NC 3.1-TP2 KAZ-6
NC 31-TP19 4227923 583
NC N1-1790 818
NC J11-TP2S T81—7
e 11126 RASIN=11 L85
e N1-1PIO I34~TP41 863
NC J-TPI T®i-6
N N1-TPIS 818
NC N1-TPI4 THY--37
NC J11-TP36 B3s 12
NC N1-TPas B~
nC J11-TPs3 n e 1]
NC J11-TP88 S11~TP3T L 17
R$—CCW B1S %oy TBI—-10
RO—CCW R10—~CCW 931 819
R10—CCW 815 932 X4G—8 102
R10-CCW R9—~CCW 931 J11-TP38 581
R11—CCW R14—CCW 333 KAG~P 823
R14—CCW E7 934 J11-TP40 §02
R14-—-CCW R11-CCW 933 JIE~TPI4 807
Ri%—1 XA4-T 227 XAS~S 525
R18—32 KA4—~W a7t NC




TM 11-6625-1833-30

Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire Ligt - Continued

- o e . W
Pz e 1 i ow,
XAL-A TEI-13 563 XAg—& NC
XAL—-A XALT=3 843 XAz-§ KAl-L 366
Xa1-8 NC XAz~-T NC
XA1-C HE XAZ-U NC
XA1-D Z6~TP83 359 XAZ-V Xag—a 846
Xay-8 BE—-TPSS 60 XAZ-W NC
XAy—¥ HC Xag-X NC
XAL—-8 NC XAZ-Y 236—-TP¢0 e
XAI—J XAL-W 841 Xas-2 TB2-16 817
XAL—-K N XAs-Z XAs-22 B4
RAL-L XAg-8 65 HAE-Y RAZ—-A Be4v
L NC XAS-2 NC
L MC XAz-3 KC
XAr-9 NG XAZ—¢ NC
Xa1—-& @ e XAZ—H NC
] NC A2~ KC
XAL—-T Xae—16 m XAz-7 NC
xar-u XAY-30 67 XA2—8 NC
XAy-V NC XA2-9 NC
XAL-- Xay—d L AZ-10 NC
Lay—a e S o §] RC
KAY~Y 26~TPLS 499 XAZ-12 KC
xa1-2 TBI-16 616 XAL-13 NC
AAL-% XAL-28 516 XA2~-1e NC
Y Xal—a L XAE-16 WC
RAar~-2 T8g—-10 586 KAL—-16 RC
Kal-8 16-TPSY 358 XA2-17 J26-TP86 261
XAt—4 u 188 XAg-18 J26-TPST 857
XAL-8 Rl9-CW e XAZ-18 I96—-TP7 856
XAl-6 NC XA2-20 T82-18 590
XAL-T NC XAZ-21 | J26-TPEF 863
XAL~-8 NC XAZ-22 | XAE-Z 64€
Xal-9 NC XAS—-A T2~ 639
XAI-10 NC XA3-B T84 €40
KAL-13 NC XA3 € T2-6 64l
XA1-12 NC XA3-D NC
XAY~-13 wC XAS-£ TB1—28 618
XAY-14 NC XAS~F NC
XAL-16 NC XAS-H T82-17 518
XAI-16 NC XAZ—-H XA3-d 861
XAI-17 HC XA3—S XA3 -H 851
XA1—-18 NC KAZ-K T2—1 64
XAY—19 NC XA3-L T2-8 643
XA3-2C XAL-U 367 XA3-M T2-8 844
XAT~3Y NC XA2—N NC
XA1-32 KAL-Z 518 XA3-P NC
XAZ~A T88~13 564 KAI-& NC
XAZ~A KA~V 846 XA3-S§ NC
KAZ~A XAZ~Y 847 XAI=T NC
KAS-B e XAS-Y WC
XAZ-C e AAZ=-Y TBE-16 s30
XAZ-D WC KAI-V XAZ-W 652
XA2-B KC XAS-W XA~V 862
XA2-F NC XAI-X NC
XAZ-H BC XA3-Y NC
XAZ-J NC XA3I-Z NC
XAZ~K NC XA3—1 XA3—6 772
XAZ-L NC XA3-1 XA3-16 773
XA3-M HC XA3-2 NC
XAZ-N NC XA3 3 NC
XAz-? NC KA3-4 T82-16 686




TM 11-6625-1833-30

Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List - Continued

Wiy
| B4 A -"tPad
. TR PBL—~14
P Thi—-14 Kag—H
| TEe—i 6P\ 8
L T8 a-3
| 9115 14
L Thi—-ie S 1~TPas
| TBi—18 HB~T919
| B8 K3=%1
| THI—-18 TEL—-1T
. TB—17 Thi—14

TR—~17 Kas—-1%
8130 JL-TP4T
o129 S15-TP18
TBL~21 ne-rPid
B33 L i-1964
s ] i Kae-T
o157 17
THL~2 B4t
T4 Tha-—-812
2% XA-B
T30 8~3
a3t o-1TP3
Toe-1 5%
To2—2 Je-TP08
THI—2 B ]
T82~3 S1e-"1P33
T82—-3 415~
TB2~3 2B
T0%—4 SNo-TP48
TBL—4 I2~2
VB4 B o
T4 33
To2—~a TE2~-7
TO3—6 w | 10-TPBL
TB3~5 321-¥Y
TB2—6 J10-T7P22
TBE~7 15
TBI~7 J10~TPE?
P87 1-3
™7 B4
TB2~-7 Th3~-13
T3 117 SHLD
T83-8 NC
TB2-~9 SO~-TPB4
829 I~
18210 J10-TPB6
TB2~10 $21—-B
TB2-11 J10~TPB3
T82—11 21~
T82~12 | J10-TPS¢
TB1—-12 NP
TB2~-13 B2
TB2—13 I28-TP4 1
TU~13 TB2—7
TBL-13 EAT~A
Te2-13 RAZ—A
PBI—-14 3i8~-TP10
Ti3-~14 85—1
TBI—-14 TB3-17

Waw
L iy

Xpaés% 4B
X4i-2 635
AT 8§17
Kaz—v e
Xa4—Z g2
X413 &3s
b IY ] 9%
L4534 e
Aa4—D §a&y
S10~-1PE6 5
Ke~%1 e
T84 538
$AS~H $19
HAae—Y g
MC

N-TPE 884
Xaa—V 46
Kag~ 4 kL
1T L
Kha—~N 5%
Kae—2 .
Kae~€C &5
Lagr~8 T4l
J1-T9% Vil
Xae-B 1%
KAgPz-8 Y1
I%%-TPL2 e
J3-TPL3 478
dN-1P23

J33--TP14 e
23718 474
JB~1TP6 355
J-1P40 a3
J24~TPL6 3%y
863 L5 2
J-TP3Z 363
J24~TP33 e
T#-29 53%
xD8&i—1 ue
JO-TPEE é92
Xah-M L 1
Ki-Al &3
8t-1 G648
Kogi-2 458
$18~-TP8 638
$16-TP9 4%
Ki~Cl G49
Ki-4Al 460
Ki-B1{ L4
KAZ~ K &%
XA3-B @40
RAG~C (.71
XA—-K 4%
XA3-L @43
KAZ-M 644
KA3-20 G845
KAZ~2) 848
KA3-23 é47
TBi—4 456




T™ 11-6625-1833-30

Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire Ligt - Continued

Wi
A3 XA3—3 1708 ®C
Kas~7 RC e
XAs-8 e W
EAS-9 W He
EAS—-10 O Rhe~Z
Xa3-13 we we
Xa3-12 NC RAS—T 5
XA3—-13 RC KAS—8 718
RAS—14 RC KAS—D 779
¥AS—-35 WL HAE— ve0
KAZ~%8 ™m—-e &b EAS-E 760
X43-16 A3~ %% AL~ 960
XA5—-17 KNG XAS—E 781
Xad-18% NC K1—Ce 420
XAS-19 C RAL—6 TG
Kasi—90 T30 L 21 kG 8%
Xas-9 T3 646 RAG~H 988
XA3—~22 T332 6e? hb—K 98E
Kae—A Tér 4 ] Yo r88
Bas—a Kooy ik RAS~L wfhg
P Tee-30 kr RAH=—# 64
b 7.7 2 Toe-21 368 HAhG~T <85
LA6-D T840 87 1=} 687
K-8 WC Kab=}Y &
b o W KAS—P 786
Bae-H for G YAS~H 5l
Ent—d i KAS-R 787
XAe-K NC KAG—P 187
XAe-L NG XAS-S 788
Xas—u SV =TP4 T43 KAS~R 7648
b4 ] Te~20 b EAG~1E 768
o NC Ki-82 e
Xae-R B Ras—16 us
Ere-8 NC RAS~-Y 785
Rae-T J1o-TPE6 By, RAE~U 96
X447 e~y 227 RAG~W 761
p Y ] pag HAS~V 781
b 47 S T82-12 896 RAS~X 92
Xae—-w gug-g¢ 30 KAS~W T8
XA4—% X0@%-1 aun KAG—1T 798
RA4~Y T88-17 §21 Ki—4A2 62
Xia-Z T82-1% Ly ] XAS-21
p ¥ 4 Kae~22 KC
Kaq~y Ead~4A 77¢ WC
KA 741 LD 776 Xas~E 761
K4~ T4 BHLD 7% WKAG—3 194
NP ] & T84 KAaG—12 94
KA4—~§ Ti—-2 404 | RAG-3 65
p 77 ] BC HAL~S ki . ]
ZAE-T we R2g-2 664
XA4—9 HC RAS—F TeT
¥AL—10 KC XAS—-L 78%
XAs-11 WC XAS—8 768
Ro4—-12 MC RAE—-T 98
KA4~-13 KC XAS-—2 o8
XAs~14 KAG-H 746 XAG-8 %0
XA4-18 NG KAS~10 00
RA4~18 Xa1-—~T 721 FLE—2 g2




Table 3-42. Test Set Subassembly

MX-8638A/APS-94D, Unit 1A2 Wire List - Continued

TM 11-6625-1833-30

Fraw P~ Feaap— Yo ﬁ:ﬁ
Wad—10 Xas—9 KAGPL~B T8%-30 m
Xad—-ut HAG~M Xaset—C N—-173 53
WAS—13 KAS~8 KasPL—-D n-TP4 &7
Tt . Xas—i3 LASP—-E THI-21 46
XAS—13 KAG~13 KAGPL-F 1 -TP8 &7é
Ras—13 KAS—14 XasPi—-H J1-TP8 &7
KAS—14 KAS—~1S KAGP1—d St~TPg 618
p 7Y g T KAG~16 £A6P1 K —~TF16 €19
KAS~18 R21~3 XBE1-1 Ki—Di 535
KAG~1 5 KAS~14 L0611 TB3~ 7.6 38
Rad—is EAS—T 1012 Ki-%2 454
KAS—17 KAS—X ADet -2 Ti—~4 453
Kas~-17 KA~ 3 XDwe—1 82-1 334
KAG—18 KAS—17 xDB2—1 Xaa—% k7
RAS—18 KAE-19 %0823 TH2I~14 i
EAG—19 KAS—iB 682 SHLD g18 &5
AAG~10 (AS~20 €82 SHLD €83 SHLD 850

AS 8262 %83 SHLD 68% SHLD 838
RAS—~19 666 SHLD Ho—TP50 143

Las—¥ 866 EHLD 23 143

; NC 681 SHLD SLG—-TP4T ]
Kb~ TH2-19 166 «a" D 258 Tha
KAG A KASIL~10 373 69% SHLD J10-TPE8 7
£ ~B SU~TPT 695 693 SHLD KAGI~3 T
K AG-C N €93 SHLD 604 SHLD 145
Yh&~D Bio 128 €53 SHLD 161 SHLD 812
KA8~2 N1-TP22 402 694 SHLD J12-TP3 148
RAG—~P TEI-1) 533 804 SHLD €93 SHLD 185
Kag~H AAs~14 "5 695 SHLD 636 SHLD ki 1
XAG— T2 540 686 LD 760 SHLD (17]
RAG~K 11T 3485 696 SHLO Ji~TPY %8
KAd—L H1-TME 343 856 SHLD 9% SHLD (1
KA J1-TP1e 344 9% SHLD Ji6-TP8 833
KAS—N THI—14 624 859 SHLD 246~-TP16 40
XAS—-P 11-TP32 348 100 SHLD KASIL—~8 813
XAG—R T81-3 588 700 SHLD 69% SHLD [ H)
XAS—8 TH-12 528 701 SHLD 663 SHLD &2
XAS—T ™i—22 826 102 SHLD 736 SHLD 818
XAS-U Bit 728 702 SHLL 126 SHLD #16
Kag—v NC 703 SHLL 10-TPLI6 158
pIY S1-TPY 893 708 83LL NG T48
Rad—2 T82~20 101 704 SHLED ne-TPL9 49
KA8~3 493 SHLD #l4 704 SHLD IR RS 760
CAS—3 190 SHLD 813 706 SHLD No-TPI6 b
pot 22 728 SHLD 817 706 SHLD I35=D 765
KAL~3 N 109 SHLD NE-TPLG e
KAG-8 N THE SHLD He-TP1 156
Kag~1 NC 712 SHLD =0 49
KAS—B TE1-10 102 713 SHLD J10-TPuL %y
KA—H | TB1-1 589 113 SHLD =y 7%
XA8—10 KABIY—A 3713 708 SHLD J10-TP30 0 3
Kas—11 TB1—6 588 714 SULD J5-8 783
Kag—11 XASIL—16 809 718 SHLD 18 -TP19 838
XAS—12 TB1-17 569 719 SILD Eis €18
AAG—13 J1-TPIS 349 721 SHLD XA4-12 178
KAS~14 | NC 722 SHLD E17 #2%
AAG—-15 727 SHLD $10 722 SHLD E17 830
KAG~18 KABIL—11 809 722 SHLD E17 845
XAG~17 #1~TP29 347 724 SHLD KA4—2 75
XAS~18 K4—B2 T 729 SHLD 702 SKLD 875
XASP1~A J1-TP1 400 726 SHLD KAGJII—4 817
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Table 3-42. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2 Wire List - Continued

1 =
From— B ?&?‘ | [ — T m
726 8HLD 63 SHLD 16 181 8HLD ge <4
177 SHLD Xa8n—ib 810 48 SHLD S11~TP58 76
196 SHLD Ei7 &8 748 8HLD H3-TPL s
750 SHLD By 7T SHLD T8e—? [5

=
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3-53. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List.
P mmmwmmmmmmw& The wire list wiil be an sid to the reg

Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List

B-a1 XA—~6 E@BdA B8 Rad—a P
W~a2 BAS--18 é843 -3 . KAT-A > 1]
- T8 €eB @ W M4~T938 385
B85 596 e 7 By J~TPLeL 426
1 9758 3 & « 296
B2 #1--%n 76 | <3 506 513
-2 | 8- % 7.3 | e
B0 a4 0 1 ] Xas—u S
-9 Fro—% a7 ) P 180
Bif-an 1~ TPl wec | m H~TPe o7
€2 NBO 1 433 & KA4-12 568
€1 MRO e ] 2% Bio 8 NEC 812
£1 P08 IB~1P48 ) 810 8 7%
< e | cavos Mo | s XAL~D oo
€3 NEO €1 MEO 788 g1 g s
piders €3 N8O Tid B2 -3 890
ca pos Ci p08 e B I5~TP4Y 54
capo8 C3 P08 m B XAS-N ey
C3 NBG C2 NEG g Bl Las~1. @e
€3 NEG Ca POS 17 B2 N-TPE6 £
€3 POS €2 P8 7 13 TPy 1%
€4 N8O €8 N8O 2 g3 JE- TP S
C4 NBG ] 899 B4 J1-TP88 835
s pos €3 NEG " B4 8-TP1 843
C4 908 €8 P08 783 815 J2-TV58 830
% WEG e KBGO 3 Bie B e
Cs NBG 8 NEG 713 £18 B &t
Cs POS C4 POS 788 B8 J-TP48 Prre
gy caroe 1 gne B4 20
o8 Nsa Cs nma 73 g6 XAi~8 837
€8 NG 219 812 B17 B4 -

©8 P08 Cs P08 189 B17 o et
& € Nao 433 £17 J-TPIOY an
B 8Ba-8 833 By7 KAL=A £34
B1 80011 B34 €11 RAS~T a2
g3 Ra—B 9% g XAS~T 18
= | Be-B 418 618 ®i7 163
o T4 426 81 #$3 SHLD 1.
= EAG=1 818 £18 §65 SHLD 18
Lt 834 SHLD 149 B19 J1-TP44 554
Bs | 791 SHLD 73 B9 -TP22 587
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire Ligt - Continued

Foam—~ B Foam— P Wi
B

e N k] J-TPie LA 1] &
o B3~ e8T ST B EVEE
S0 EAe~& & ~-1932 17 e
- 44 Ji~TPeT TP €78 BHLD 196
B3 E~TRee Ji-TPLe B13 £85
1 Xa1—8 TP $1-18 S50
B Kae—3 A-TP14 B P
a2 TS A-TPid J9—-34 4506
B2 IR N~-Tei6 Ji—-i% 3
Bz XAL-€ P41 SE—TPHE f 41
g2 Hae—0 B—-TPLé 16 %
B2 B~-THS J~1Pid B-TeeE 213
Bls S~ TVEL H-TPLT N-37 34
Bse JE-TPR0 SN-TPLY $3-T987 213
Bie Xar—6 H-T018 g 553
B Eha—y J-TPLé Ji-16 &85
[ -8 J~TP1e HNC
£3% 25—TLE JA-TP0 LS
wae T R~ Pite il €55
e il 2 J1-Tey JE-TP1e 4468
2 {08 H-1928 H1-8% 453
Bse - TPLE H-TPie J-TPLE 455
Bis xDiEn—a2 $1~TPEs =38 1€
Wi XDes—~4 ST EAe~C G50
[ - 31 12 1 ={PhE =54 B8
B33 Xigs-4 2-TPLe 660 GHLD o
B33 e 3-TPe T4
| <2 @50 HLD S-TPEh
<4 ] €1 BHLD J1~TPo
o~x &4 GMLD 41 =-TPey 418
B3 G6e SHLD Ji—-TPLY 7
) %7 =TT 2=-TP2e 18
Bar gio—-3 Ji=-TP28 213
By KAL~C S1-TPLo J1-49 1%
[-= ] #1-1 Ji-TPie J3--TP64¢ 2744
59 Ji=-TPE4 J-TP80 J1 -8 b ]
229 45~TPE9 J=TPI0 48~TP56 €748
B -T2 H-TPsL e
B? - THER H-TPi2 . J1—-3% 22
A-1P Si=-1 J1-TP82 J2-TPE6 214
-1 85—-1 J—-TPE3 Ji-38 %
J1-TR 41196 J1-1958 J3-TPRT U6
J1-T¥2 Ji~2 -3¢ HC
-9 8i1-3 Ji—-TPI8 J1-38 -]
A-E Ji-8 Nn—-TP38 $2—-TP88 Z1€
N-198 €10 BHLD J1—-TP36 J1—36 e
Ji-1Pe Ji-4 1936 I2-TP99 a1
J1-1Pe 85— I —-Tr37 £20 g6t
J1-19% L] H=YET -7 2]
H=-19% Sy S =TPE8 31386 895
3195 &3~ J1-TP36 $51 GHLD 708
-9 S~ P ] 8 =34 12
J~TP6 &¥1 SHLD $1=-TP30 I5-TPL 48%
J-TP7 Ji=73 N =~TP40 J1—-¢0 641
N—-TP? 83—-% 51 —-TP¢O J-TP12 B85
J—-TP8 Si~8 J1-TP41 J—¢1 £90
J-TPE 837 J1—TP41 I2-TPS7 90
J—-TPD Ji~8 J1—-TP¢2 E? 561
J1-TP9 672 8HLD Ji—TP42 Ji—62 481
N-~TP10 &1—-10 Jt ~TP43 J1-42 i
S-TPLO 3-8 J1=-TP43 Ji-~TP49 pat
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued

4

BEE oF BOBEE EBufuBfEEEBume uwy wsss

&=
]

MMW
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued

Wigio P b
ST S5-TPs o
d5-TFLS 5% 45
b v ] i ] e
s ] s '
AB-T4 ek Bew
B-1Pie S8 [ 3
4T L5-Thes ¥
JB-THLE Bk -2
45-1vE o) 68
8- Tw8 J9-47% ]
ST 62 SHLD T8
H-TPLY e L5743
JBTPE ¥ ] 533
- B1s Gis
M-8 I &
&8 &5l 0
JE-TRE €65 SHLD 18
b i P L]
ST S5-TPeY %
- N
iy ] S -TPEY &8
4 Sy~ ey
S5-TPLE Fo [ ]
TP $--TPES e
bk ) F o L]
ST B i
ST $9-lly 812
b ] d1-TPe1 S
-8 -7 o2
b iz i B L7
-y Jg-58 4838
P iy ] B3e 545
AP LE J2-0G ]
-1 Ju-—-TP0 Bhe
P o] J%-61 k]
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire Ligt - Continued
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List -

Continued
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued

TM 11-6625-1833-30
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued
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KAz~ 680A | XA¢-15 33--TP56 €704 &
XA~V GEOB | XAS—A 81—-18 6824 |
XAr-¥ YAS—B 8§1-10 se28 |
XAZ—Y, KAS—C 818 004 |
XAZ~A 328 RAG~D 8$7—¢ 7008 |
XAS~B 666 XAS~E s1-6 700C |
RA3~-8 €59 Xab—F 0o v
EAZ-C 380 XAS—H XAS-T 762
XAS~D 734 XAS~H XAG-B 568
KAS-D 738 XAS—J XAT~6 331
XA-D 742 KAS—K J—-TP23 418
XAs-B 329 XAS—K XD8¢—2 £28
RAS-P 330 XAS~L seb-8 608
XA~ XAS—L XAG—~C 660
RAS—d KAS—M 815 TOL1A
XAS~% XAS~N 878 7018
KAz-L, RAG-P §71-7 1701C
KA3~ad 566 XAS-R 8710 4834
KA~ 738 XAS~8 8711 6838
XAS=N €05 KAE=1 ES 626
KAZ-—N 136 XAG~2 NC
RAS~P 736 KAS~3 $—TP15 882
XAI-R 736 KA~ KC
XAI-8 737 KAS—5 Bi1-R1 864A
XA3-T 626 XA5—5 34-TP1 486
XAS-U 68lA | XA5-6 NC
XA3—V 881B | XAS-T J4—TP46 562
XA3~W §  XAS-7 XAS—H 762
KAS-X XA5—8 86-3 333
XAd—4A 660 XA5—9 3—TP12 504
K-8 KAS—-10 85—6 334
Xa4~C 650 XAS—11 Ji=~TP18 338
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued

SRRy 368 R16~3 Bita
Je-{PEs - ] R11-3 35845
Ja~TP84 93 Rit—-1 E
T e Bi%-38 353
S~TF0E 4 Rig—: ]
g6 &8 B34 387
BoC~4 o VBRI AD 96
@B0-¢ 8ib - K8y L ]
8C~0 B . VRl 4D ]
F e ] e ADdz—~3 430
EAT-1T 842 4~TP47 415
08 B V&2 AD |
G~ 9o Xp@s— L)
RAT-1D 43 | 13 554
W2 ¥ | Kai—-1 k1
B Bas 684 Lo r
Bro—-2 m KAe~K s
B e L
NG fen-0 ]
4 THe-2 300
Be Rii—-2 s
NC Xo@ér1~% Bes
Be XDé3-3 204
TP 06 %D83-2 306
g3 He—-a Big
XAG~L ese RE= S
Mo 811~ b
NC 811-1 sas
NC RAs-8 s10
E31 483 811-3 s
By 73 S4~TP84 b 11 ]
RKAg-—p 338 834

He ne

Ras-7 - 338 JA~TPS% une
b 7 N bas &-10 e
Kar-2 k133 RAay—-a T
BAL-1D 338 €39 LD s
ne Ne~a b o ]
we We

B4 480 NC

AU b: L] B3S ey
BAI—-17 8% . 8B~ 813
B7-w3 273 B21 L3
B3-6 377 0 dia i t o1
R10—-1 388 88A-T e
EA1—5 b B34 (3]
Ro-1 361 RAG~X o
B . 498 | RAT-H 316
W-C 471 b .Y ] e
fN-¢ 463 Re-B 417

3-87
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued

KAe-1% s i d ] 3w | EAT~A i B33
WA D i sl ¥AT A XAT—1 14
DT 432 | KAT-8 e
Yas—i4 8% Ea1—C He
LA~ 424 Xar—D [
HAG~ 5 $36 KAT-E NG
BAG— & 183 KAT~F Xar—-i4 s
KT~ & 158 b9y o ] KAL—-1Y nse
LAG—B 546 ) 7 & 2 E&L—-12 318
Had—9 144 BAT—K HE
RaG—~C 566 W b T
*AG—-C 0] KAT~8 e
KAG—E 155 AaT—H 2751
Aag—D 480 AP MC
Lag— 164 LAT-B HC
Kae—8 4% XAT-8 e
Kag—8 ‘ 188 EAP~T N
RAG~F 4é3 KAT- HC
KAdt 267 KAT-Y HE
RAS—d 83 KAT—W W
Kad—K 338 EAT-% 758
Bad~t. NC KAT~% 2754
Rag—Mm 85%~4 e Kar~2 HE
EAG—M i1t 338 EAT—=1 AnD~4 180
Rag—» o éd4 KAT-% Jb=TPIG - ]
AAE~R Ja—-TPS8 66 EAT~F TP 36
XAG-8 b ¥R o KXA&T—4 A L] 380
iag-1T Xai—K 301 a6 =Y P2 ¥hE
Xag—y KAL—18 3% KAT-§ Kas~d k4]
RAG~Y 4196 581 KAT—T TP poge ]
XA~V f1~C 481 RAT-8 ] by |
Rad—~v SBA—~12 883 KA~ TP L
RAG~—W 4 ~TP13 606 KAT—36G N
Kas—w Rib—a 10 KAT-} MNE
Kas—% 4~TP30 597 XAT~12 Q-8 Y
KAG—% @< 416 KA -3 £h4)
Xag—% KAL-9 802 KAT=13 ECY k%)
Rag—y NC RAT~14 $HB~4 7=
Fa8—2 N KAT~15 HeC
RAag~1 XAS—A 163 XAT—-18 SB-i1 341
KAG~2 Ng KAT—~37 S9C~& 347
Ras—3 o4 KA1~ 18 Ne
KAS—4 MC XAT~19 $8C~9 343
RAS—6 MC EAT—-20 $55—-8 344
Kas—g MO EAT-2Y 8956 363
Rae—1 N KA1~ SR 348
Kao—6 N KOgt 3 Ba% I
B9 [ KOBL -4 VRi~-€ 4%
Rag—10 NC RO@y- 4 KAk s
RAG-%1 MC Xb&e-a [ e I8p
AA~12 NC KOS%~ 1t VYR3=C 4“3
Rat-13 MNC KO8T KAL=~N k7
KAG~14 NC £DE3~2 B3z 3%
RAg—13 NC X083~} VRI-C 'Y
RAG—16 MC ADE3-2 XAt -P 308
RAG—1T N RDB6- A& 85 -3 255
RAg~18 N D84 B XAS—K 4
RAG~19 NC 650 SHLD - TP 108
RAe—10 Q-8 310 850 SHLD Kas—F 738
RAas~21 Q2-8 3% 651 SHLD 1 ~TPIS 108
LAS—33 NC 632 SHLD gis "y
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Table 3-43. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List - Continued

P~ g - ’:?:‘ Fatin T g&":‘
@53 8D Sy it} &7 Sl D ST ]
5% SHAD 5¢ LD 739 @78 EHED A5-TPD e
€54 IHLD Xae—#H 749 €53 SaLD FINS 3 T Ty
65¢ SHLD €51 8D 738 €74 S4LD J3—TPie 1
608 gMLD Eae—~T 148 &15 SHLD H~-TPLE 1531
€48 8HLD Xa1—4 727 %% SHLD 3~-TPL6 E50
€57 SHLD Xa3-D 786 @76 SHLD Se—-TPL9 153
€48 SHLD Xaz-D 75% €76 SHLD B-IP19 5]
§96 SHAD KAL—D 738 677 SULD $2-IPL6 a4
€59 SHLD KA3-D TES 675 SHLD RKAs—H 48
B33 Y44 €75 SHLD Xas~-T 148
B33 4% 680 SHLD Xaz-8 132
683 SHLD 56 G8L SHLD XKAI-§ 37
63 LD 766 €8¢ SHLO Bs 4%
She SHLD bES | @85 SHLD d3~TP7
Xab—a ThH 95 SHLD I3~-TPY &8
, 63 SHLD %7 €06 SHLD J2-TPUY :13]
j XA3-D T4 €58 SHLD S3—-TRuY 521
E3s 49 67 SHLD J2—-TPI0 T8
818 719 49 SHLD do-YpEs 788
G668 SHLD Folg i o] Ti% G9a SHLD 51088
G55 SHLD B53 ke ©o9 sLLD FTRS 1] 145
€40 8HLD K&i-2 By Tas siD Bh 751
¢70 LD ¥ (] b
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DA 310-4

DA Pam 310-7
TB 11-1833-35-1 ,. we B
WWW“MMWMWD

TB 43-0119 5
s Puiern %ﬁWm o

TM 11-5895-967-12
TM 11-6625-444-14-1

AN/GSM~GAB (NSN 8625—00-022-7354) &

TM 11-6625-654-14 ?m %! %«—wmmm&w

T™M 11-6625-1833-12

T™M 11-6625-2658-14

M 38750 Mancal fmm AN/USM ~2C (NSN 6625 - 00~ 1069622,
- The Army Maintenanee Maragement Systen (TAMMSE).



TM 11-6625-1833-30

APPENDIX B

EXPENDABLE SUPPLIES AND MATERIALS LIST

Section |. INTRODUCTION

B-2. Explanation of Columns

m ﬂﬁ%@% ﬁmﬁ%ﬁm Wunnlboer. m

(Next printed page B-3)



=

@ ™ R B B e B

[

@
c.8
C.0

¢.0
C.e

(3)
NATIONAL
STOCK

NUMBER

5350-00-264-3485
7570-00-933-7372
8020-00-178-8305
5350-00-145-0747
8010-00-575-0808
6810-00-551-1487
8305-00-285-3436
7920-00-205-2404

SECTION 1l EXPENDABLE SUPPLIES AND MATERIALS LIST

T™ 11-6625-1833-30

) (]
GEBCRF 0N gy
o
MEAS
PRAT MO AMD FECW
GAPER, AQMASIVE, FLINT (SAMOPARER, FINE) MIL-00-108 e
TAPE, SLECTRICAL (BUACK RLAZTIC) 1/2 INCw gL
GRS, PALNT MIL-H-B-420 (BU4E) (4
PRIMER, COLOW ¢ PER MiL-P-8585 (S1346) @
ENAMEL . LIGWT GRAv (CLASS-~Z - METML) G
TRICHLORCETMRE . TECHILICAL . CLEAING COMPOUND G-T-620, TYOE 1 (81344) @
CLOTw, CUTTON, (LINT-FREE) CLC-C-44Q (B134G) L
BRUSH, CLEAMING WIL-8-2088 (1348 E&

B-3/(B-4 blank)
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Paragraph, Figure
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3-30c, T3-30
F2-2, 2-14
2-93, FO-10
F2-10, 2-47
3-30b, T3-31

2-93j
2-93l
2-93h
2-93b
2-93k
2-93a
2-93g
2-93|
2-93c
2-93d
Unhis 2-93i
P 2-93f
N ABtilogasithasic ... . SUURUPR VR 2-70, FO-24
LT ETTrEEY 2-63, FO-24
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F2-7 FO-23
ithmi 2-69, FO-24
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+28 Volt regulated DC supply and high voitagelfoads ... ...... .............coonnes ,
BITE Circuit: Block Disgram Anslysis: 014
ADAS e e
-3y ¥ PP 2-10
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Horizontal SWeep .. . ......o. oo o 5 1o
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Horizona! yoke loads .

Indicating system low mﬁmge poww ww&m
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Overcurremt profection .... ..... .. .... . iiii it et e e 2-86, FO-12
Secondary PowerSourees.. ............ ...t it 2-87, FO-8, FO-26
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INDICATOR FAULT Light Indieations ..............coovivierreeeanennnnnnnn, i
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3-20, T3-11
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Zone C 3. On J1-2, change "+2& VIC to “+5 VIC.”
G RBASON: This is the output line of the 5 VIC power

RIASON: iperiesce has shown that with only & 1% lag, §
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To replace the cover plate.

supply. + 24 VDC is the input voltage.
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Commandar
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Port MNommouth, Wew Jereey 07703
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Figure FO-6. Secondary power distribution and control circuit diagram (sheet 3 of 3)
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Figure FO-9. Test Set Subassembly MX-8638A/APS-94D Unit 1A 1, interconnection diagram (sheet 1 of 2)
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Figure FO-9. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, interconnection diagram (sheet 2 of 2)
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PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. FOR
COMPLETE DESIGCNATION PREFIX WITH 1Al1Al.

UNLESS OTHERWISE SPECIFIED?

ALL RESISTORS ARE IN OHMS, *5 PCT, 1/4 WATT.
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DRAWING BY THE UNDERLINED PORTION OF THE TYPE
NUMBER LISTED BELOW. VOLTAGE AND GROUND PINS,
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C(IN PARENTHESIS) ARE INDICATED.
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Figure FO-10. ADAS Simulator module 1A1A1, schematic diagram (sheet 1 of 2)
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Figure FO-14. Test Set Subassembly MX-8638A/APS-94D, Unit IA2, interconnection diagram (sheet 2 of 4)
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Figure FO-14. Test Set Subassembly MX-8638A/APS-94D, Unit 1A2, Interconnection diagram (sheet 2 of 4)
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Figure FO-14. Tet Set Subassembly MX-8638A/APS-94D, Unit 1A2, interconnection diagram (sheet 3 of 4)
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Figure FO-14. Test St Subassembly MX-8638A/APS-94D. Unit 1A2, interconnection diagram (sheet 4 of 4)
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Figure FO-14. Test St Subassembly MX-8638A/APS:94D. Unit |A2, interconnection diagram (sheet 4 of 4)
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Figure FO-15. Five-MHz oillator and prf counter, 1A2A1, schematic diagram
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Figure FO-18. BITE circuit, 1A2A4, schematic diagram
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Figure FO-21. Test St Subassembly MX-8624
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Figure FO-21. Test Set Subassembly MX-8639A/APS-94D, Unit 2 interconnection diagram (sheet 2 of 4)
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Figure FO-2L. Test Set Subassembly MX-8639A/APS-94D, Unit 2 interconnection diagram (sheet 3 of 4)
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NOTES:

1. PARTIAL REFERENCE DESIGNATIONS
ARE SHOWN. FOR COMPLETE DES!G -
NATIONS PREFIX WITH 2A1,

2 UNLESS OTHERWISE SPECIFIED
ALL RESISTORS ARE IN OHMS
ALL CAPACITORS ARE IN 4F.

3. INTEGRATED CIRCUIT DEVICE AR

PIN ORIENTATION IS AS SHOWN
BELOW,

8
BOTIOM VIEW

4. SEMICONDUCTOR DEVICE G12 AND QI3
PIN ORIENTATION 1S AS SHOWN

BELOW,
G
S@D BOTTOM VIEW
B

5. SEMICONDUCTOR DEVICE Q2 PIN
ORIENTATION {S AS SHOWN BELOW.

S

D@c BOTTOM VIEW
B
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N CHANNEL MOS-16FET DES IGNED
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Figure FO-22. Yoke simulator, 2A1, schematic diagram
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