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C H A P T E R  1

INTRODUCTION

1-1 .  Scope

1-2. Indexes of Publications
1-4. Reporting Equipment Improvement Rec-

ommendat ions  (EIR)

1-3 .  Forms  and  Records
1-5.  Calibrat ion
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CHAPTER 2

PRINCIPLES OF OPERATION

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

2-1 .  Genera l

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
m o n i t o r  c r t  o f  R e c o r d e r - P r o c e s s o r - V i e w e r
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 II of this chapter. Detailed circuit functions are
discussed in sections III through IX of this chapter.

2-3 .  Radar  Ind ica t ing  Sys tem Crt  Swoop
Requirements.

(fig. 2-l)

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-l). 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,

Figure 2-1. Crt sweep requirements.

2 - 1
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2-7. Vertical Sweep Circuit

2 - 4 .  V i d e o  S i m u l a t o r  a n d  S y n c h r o n i z i n g
Circuit

2-8.  Video Amplifier

2 - 5 .  S w e e p  C i r c u i t

2-9. Groundspeed/Drift Angle Servo Loop

2-6 .  Hor izon ta l  Sweep  Ci rcu i t

2 - 2

Figure 2-2.
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In the groundspeed mode, the same
input is supplied to a groundspeed

nel and is read out on the same in-
dicator. With the exception of a fault output to the

ircuit and power source connections, the
peed/drift angle servo loop is independent of

circuits in the test set group.

2-10. BITE Circuit
(fig. 2-2)

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.

2-14. ADAS Simulator
(f ig.  2-2)

2 - 1 1 . ion Circuit
(fig. 2-2)

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

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 - 1 2 . Low Voltage Power Supply Circuits
(fig. 2-2)

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
(fig. 2-2)

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.

The ADAS simulator provides vertical and unblank-
ing signals to exercise the ADAS printer circuitry of
Recorde r -P rocesso r -Viewer ,  Rada r  Mapp ing
RO-495/U.

Section II. TEST SET GROUP, INDICATOR,

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 I 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  S imula to r  and  Synchron iz ing
C i r c u i t

(fig. 2-3)

The video simulator and synchronizi
erates a basic time reference with a

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-
(f ig.  FO-2 and FO-21)

control of antenna

2 - 3



TM 11-6625-1833-30

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

2-18. A Sine 0/ A Cosine 0 Signal Generation

(fig. FO-2)

2-19.  Horizontal  Range Selection
( f i g .  F O - 2 )

2 - 4



Since the divider output is ultimately used as charg-
for sweep generator 2A4AlAR2 in the

sweep circuit (para 2-2l), the slope of the
horizontal sweep generator output ramp signal is con-

by selecting one of the horizontal range
divider outputs, providing 25, 50, or 100-km
Selection of the proper divider output is ac-
hed 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 2A6AlAR5 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
signals necessary to modify the horizontal crt sweep
when the trace is rotated 0 degrees.

2-20. Vertical Range Selection
(fig. FO-2)

The operation of the A sine 0 channel is similar to
that of the A cosine 0 channel with two exceptions.
First, there is no A sine 0 signal when DRIFT ANGLE
switch 2S11 is set to 0 zero) because in that position
wiper W3 is grounded. Second, an offset gain voltage
is applied to the A sine 0 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 2Rll (para 2-18). The A sine
0 output at 2S8B (Wl) is routed through source
follower 2A6AlARl to the vertical sweep circuit as
the sine 0 signal. The sine 0 signal developed here is
applied to the vertical sweep circuit (para 2-28
through 2-31) to generate the signals necessary to
position and rotate the crt trace to an angle of 0

2-21. Horizontal Sweep Circuit
(fig. FO-2)

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
signal to compensate for pincushion distortion. In ad-
dition, the horizontal sweep signal 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. FO-2)

The horizontal sweep circuit receives sweep
D FO-2) and yoke clamp (wave

fro he video simulator and synchroniz-
(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

T M l l - 6 6 2 5 - 1 8 3 3 - 3 0

crt trace must be offset to start at one edge of the
cathode ray tube, rather than at the center. Voltages
necessary to provide these offsets are developed by
LEFT HORIZONTAL OFFSET control 2R9 and
RIGHT HORIZONTAL OFFSET control 2R12 (fig.
FO-2). ANTENNA switch 2S9C (W4) selects the ap-
propriate offset control output, routes it through
switch 2A4AlQ5 to summing amplifier 2A4AlAR4.
Summing amplifier 2A4AlAR4 sums the offset
voltage with the output of horizontal sweep generator
2A4AlAR2. 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 2A4AlQ2 inhibits application of the offset
voltage, except during the yoke clamp interval, by
turning off switch 2A4AlQ5. (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 2A4AlQ5 which, in turn, causes
the offset signal input to summing amplifier
2A4AlAR4 to become zero volts, thus allowing the
sweep to start at the center of the crt.

2 - 2 3 . Horizontal Sweep Generator
(fig. FO-2)

The cosine 0 output from the sweep control circuit is
applied as charging voltage to sweep generator
2A4AlAR2 through switch 2A4AlQ3, Q4. When the
sweep gate is present, switch 2A4AlQ3, Q4 is open,
allowing the sweep generator to develop a linear ramp
output voltage (waveform F). At the end of the sweep
gate, switch 2A4AlQ3, 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 2S9 is set
to BOTH, the polarity of the cosine 0 signal revers
with the antenna gate signal. This causes the sweep
generator to provide a group of positive ramp signal
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. FO-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
2A4AlAR2 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
2A4AlAR2 and vertical sweep generator 2A4AlAR6

2 - 5
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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

waveform G. This signal is combined with the offset
sweep generator output from summing amplifier
2A4AlAR4 (para 2-22) by summing amplif ier
2A4A2ARl2. 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 signal is supplied to
polarity sensor driver 2AlAR1, dc amplifier 2A2, and
HORIZONTAL AMPLIFIER SWEEP LENGTH con-
trol 2R3.

2-25. Horizontal Yok
(fig. FO-2 an )

Dc amplifier 2A2 is a noninverting amplifier that
supplies drive current for simulated mt crt horizontal
yoke load lA2Ll or simulated ft crt horizontal yoke
load lA2L4. This amplifier receives a feedback sam-
ple of yoke load current to assure that the yoke
current is following the corrected sweep vol
(waveform H). The output of dc amplifier
supplied to either simulated mt crt horizontal yoke
load lA2Ll or simulated ft crt horizontal yoke load
lA2L4, 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 posit ion of HORIZONTAL

R switch 2S2.

2 - 2 6 . Horizontal Unipolarizer
(fig. FO-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 unipol
sisting of negative sweep detector
horizontal unipolarizer 2A4AlAR7.
operation, the antenna gate causes

2-27.  Regulated Plus and Minus 9-Volt
S o u r c e
( f i g .  F O - 2 )

2 - 6
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2-28. Vertical Sweep Circuit
(fig. FO-2)

sweep circuit provides a fixed vertical
crt sweep and generates a vertical sweep

to permit rotation of the crt sweep.
2-31 describe this func-

2-29. Vertical Offset
(fig. FO-2)

The vertical sweep circuit receives an inverted sweep
signal from driver 2A4AlQl in the horizontal

circuit. This signal, in conjunction with the
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 signals are required. One is a fixed offset
vol tatic offset) from VERTICAL OFFSET con-
tro 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

switch 2S l l set to 15, the summed static and
offsets pass through switch 2A4AlQ6 to

as  one  input  fo r  summing  ampl i f ie r
2A4AlAR8. The dynamic offset (offset gain signal)

ates in the sweep control circuit and is supplied
ty sensor 2A4A1AR1 and switch 2A4AlQ8.
sensor 2A4AlARl turns on switch 2A4AlQ3,
ng the dynamic offset voltage to pass
low-pass filter 2A4AlC8, R18, and source

follower 2A4AlAR3 in the presence of drift angle in-
put. The output of 2A4AlAR3 is fed to summing
network 2A4AlR4, R21 where it is summed with the
static offset voltage (2R10), causing the spot position
to shift point 0 (A, fig. 2-l). When the sweep gate oc-
curs,  the output of vert ical  sweep generator

switch 2A4AlQ8 is continuously toggled by the
th left aircraft drift (C, fig. 2-l),
on during the right antenna inter-

2-30. Vertical Sweep Generator.
(fig. FO-2)

Sweep generator 2A4AlAR6 and switches 2A4AlQ9,
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 0 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 vertical
sweep signal from summing amplifier 2A4AlAR8 is
supplied to the pincushion correction circuit before
being routed to the ft and mt vertical deflection yoke
loads.

2 - 3 1 . Vertical Pincushion Correction
(fig. FO-2)

2 - 7
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uncorrected vertical sweep voltage to produce the cor-
rected vertical sweep (waveform W) for the vertical
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 2A4A2Ql
and 2A4A2Q2, and inverter 2A4A2AR13. When the
uncorrected vertical sweep (waveform R) is negative,
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 signal for use by the
crt regulator and focus circuit.

2 - 3 2 . Video Amplifi
(fig. FO-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 signal that is a 102.4

MHz square wave. Video signal selection is ac-
complished by setting TEST VIDEO switch lA2S3 to
ON for test video or to OFF for ft video. In the ON
position, +28 vdc is supplied to the solenoid of relay
lA2K4 through TEST VIDEO switch lA2S3. In the
OFF position, ft video is applied to video ampli-
tude adjust potentiometer lA2A6A2R2. VIDEO
AMPLITUDE control 1A2R19 (fig. 2-3) provides

Table 2-1 Selectable Compressor Networks

2 - 8
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2-33. Cathode Ray Tubing and Unblanking
(fig. FO-2)

from the video simulator
(fig. 2-3), and +20 vdc

mode, the enable gate inhibits the AND
h antenna gate transition. This permits

unblanking to occur only during sweep gate intervals
when the enable gate is high. When all inputs to the
AND gate are high, switch lA2A6AlQ10 conducts to
provide a ground for clamp lA2A6AlVR3. This clamp
is a +31 vdc breakdown diode supplied by +100 vdc
through OR gate lA2A6AlCR15, 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 +l00 vdc
source, the diode OR gate supplied +28 vdc to main-
tain a safe cathode bias potential for the crt. Genera-
tion of unblank signals is prevented when UNBLANK

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 and 2-36 describe these circuits.

2 - 3 5 . Static Focusin
(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. FO-2)

Horizontal and vertical unipolarized sweep signals
(waveforms S and Q) from the sweep circuits are

lied to a squaring circuit c
r network and amplifier 24

2-37. Groundspeed/Drift Angle Servo Loo
(fig. FO-3)

The groun d/drift angle servo loop consists of a
servoampl
synchro control

stepper motor 2Bl, two gear trains,
transformer lA2B1, synchro control

transmitter 2B2, NAVIGATION switch 2S6, 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 lA2Bl through contacts of
relay 1A2K6. The rotor of lA2Bl is either in a posi-
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 signal
output of lA2Bl is fed through switch 2A5A3Q7, Q8
to buffer 2A5A3AR5 via contacts of relay lA2K5
(restored). The error signal is either in-phase or out-
of-phase with respect to the excitation voltage for
2B2, Consequently the error signal 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
2A5A3AR6, positive and negative level detectors
2A5A3AR8,  AR7;  monos tab le  mul t iv ib ra to r
2A5A2U8A, U12B, U8B; 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, Qll, which clamps the integrator in-
put at ground This terminates the ramp, allowing 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

2 - 9
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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 2A5A3AR8, 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 UllB 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 slight delay to prevent false
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 I through L illustrate the se-
quence 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 2A5AlQ7
and switch 2A5AlQ3, 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)

(fig. 2-4)

The indicating system low voltage power supplies
provide power for the test set group indicating system
circuits. Power transformer lAlT1 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 lAlA3AlCR19 through
CR24 is filtered and supplied to series regulator

lAlA3Ql. 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 lAlA4AlQ3, . The error signal
is returned as control voltage series regulator
lAlA3Ql. Any change in the -28 vdc regulated out-
put produces an error input for series regulator
lAlA3Ql which compensates for the change.
Although operation of the other series regulators is
similar, it differs in that they do not have individual
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
lAlA3AlCR13 through CR18 supplied two shunt
regulator circuits. One circuit (lA1A3VR1, VR2) is a
simple Zener diode regulator that provides +250 vdc
for the dynamic focus circuit. shunt
regulator provides +640 vdc for essor-
Viewer, Radar Mapping RO-495 uit an
error signal 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
lAlA4A2Q4, 1AlA3Q8 which compensates for output
voltage variations.

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

(fig 2-5)

The power supplies on module lA2A3 supply power to
monitoring and signal generating circuits in the test
set group. Power transformer lA2T2 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-
r e g u l a t e d  o u t p u t  o f  3 - p h a s e  r e c t i f i e r
lA2A3CRl-CR6 is filtered and supplied to series
regulator lA2A3Q9. A sample of regulated output is
applied to error amplifier lA2A3Q7, 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 also
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 lA2A3AR1, AR2
operate both as regulators and error amplifiers.
Switch lA2A3Q12 and Q13 function as short circuit
protectors Regulator lA2A3ARl 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 2-4. Indicating system low voltage power supply block diagram
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Figure 2-5. Low voltage power supply and regulator lA2A3, block diagram

amplifier lA2A3Q6 as the input to its error sensing
circuit and is referenced to regulated -5 vdc. Switch
lA2A3Q4 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 identical 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, all
switching componenta remain in their normally off
state. When the positive excursions of phase-A peak
input voltage rise above 200 vac, Zener diode
lA2A5VRl conducts through CR1 (positive over-
voltage sensor). Any overvoltage appears across
voltage divider Rl and R2, causing switch driver Ql

to supply the trigger potential 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

of Q2 being triggered during other
conditions. The negative excursion

grounding circuit (SCRQ5) functions in the same
manner, except for the opposite polarities involved
and the addition of inverter lA2A5Q3 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

er stability at Q5 (negative excursion
grounding switch).

2 - 1 2
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Figure 2-6. Overvoltage protection circuit 1A2A5, block diagram

2-41. Direct Current Amplifiers
( f i g .  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 (fig. 2-7) receives an offset

voltage from centering potentiometer R9. Differential
amplifier signal input is derived from the sweep
signal and a feedback current sample from the deflec-
tion yoke load. The output of the differential ampli-
fier is a voltage having a waveshape that will produce
a yoke load current with the same shape as the sweep
signal input. The output of the differential amplifier
is inverted by A1Q2 and applied to complementary
compound connected emitter followers Q3/AlQ7 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 essentially 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 - 1 3



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

2-42. BITE Circuit
(fig. 2-8)

The BITE circuit consists of two major circuits; the
primary fault detection circuit detects abnormally
high or low voltages that may exist in the sweep
waveforms (waveforms H and W, fig. FO-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 lA2DS2 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-

2-43. Primary Fault Detection Circuit

2 - 1 4

Paragraph 2-43 discusses the primary fault
detection circuit, and paragraph 2-44, the fault isola-

tion circuit.

(fig. 2-8)

The primary fault detection circuit is enabled when
BITE switch lA2S7 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 II, fig. FO-2) is applied to dual
differential comparator lA2A4AR2 through closed
loop operational amplifier lA2A4ARl (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 normal input conditions, all comparator outputs
are low and switch lA2A4Ql is off. However, at any
time one or more comparators changes state, switch
lA2A4Ql is turned on, which causes FAILURE lamp
1 52 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
( f ig .  2 -8 )

Astable multivibrator 2A7A2Q1, generates an
lar pulse in that con-
driver 2A7A2Q3 on and off.
sweep, servo, or high voltage

ver 2A7A2Q3 toggles switches
through a control diode located at each
When enabled, the toggled switches
VO FAULT, INDICATOR FAULT and

SWEEP FAULT lamps to flash on and off in step
with the astable multivibrator to indicate malfunc-
tion. However, with normal 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
signal is a variable prf pulse train (same as waveform
F, fig. FO-3). The signal is inverted and filtered by
amplifier 2A5A1Q7 to become a dc level that varies as
a function of the pulse train prf. This dc signal is com-
pared with a threshold level established by switch
2A5AlQ3, Q4, Q5. When the threshold is exceeded,
the switch output is supplied to swtich 2AlQ7 as the
enabling signal for the SERVO FAULT indicator. The
INDICATOR FAULT signal in the OQ-63A is pulled
to +20 vdc through lAlR4 which disables switch
2AlQ8. When checking the RO-495/U and there is an
indicator fault (high voltage power supply failure),
the indicator fault signal allows switch 2AlQ8 to be
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toggled by the astable multivibrator.  PANEL
LIGHTS TEST switch 2S10 permits indicator lamps
2DSl through 2DS3 to be checked for operation.

2 - 4 5 .  + 2 8 - V o l t ulated Power Supply and
High Voltage Loads

(fig. 2-9)

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 Ll,  in the 1Al panel
assembly, and routed back to be regulated by Ql, Q2,
VRl, 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 equivalent to a complete
ADAS data block. The simulator 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.

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

2 - 1 6
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Figure 2-10.  ADAS simulator circuit, block diagram

2-48. Monitor Adapter Input Simulator
(fig. 2-11) synchronized by a 13-khz clock. Binary counter count

logic is used for gates decoding, in the generation of
the ECCM video and the ECCM deflection signals.
The count logic is also used to control the duration of
a ramp voltage required for the generation of the
ECCM deflection signal.

2 - 1 7
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Figure 2-11. Monitor adapter input simulator, block diagram.

Section III. VIDEO SIMULATOR AND  SYNCHRONIZING CIRCUITS,
CIRCUIT ANALYSIS

2 - 4 9 .

Paragraphs 2-16 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 Synchronizing
C i r c u i t

Paragraph 2-16 describes the functional operation,
on a block diagram level, of the video simulator and
synchronizing circuit. Paragraphs 2-51 through
2-60 provide detailed analysis 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 - 5 1 .  F i  Hz Oscillator
(fig. FO-15 and 2-12)

The basic time reference for the video simulator and
synchronizer circuit is the 5-MHZ oscillator consisting
of amplifiers lA2AlU26A, U26C and 5-MHZ crystal
Yl (fig. FO-15). Amplifiers U26A, U26C are dual in-
put NAND gates that function together as cascaded
inverting square wave amplifiers. Regenerative feed-
back is peaked at 5 MHz by crystal Yl. 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

2-52. 750-Hz Prf Clocked Counter

(fig. FO-15 and 2-12)

2-18

transistor driver lA2A4Q6 (fig. FO-18) and com-
plementary emitter follower output stage lA2A4Q7,
Q8. Capacitor  lA2A4C28 improves lA2A4Q6
switching time by shunting clock pulse transitions
directly to the base of Q6 for rapid charge and dis-
charge  o f  base -emi t t e r  capac i t ance .  Diodes
lA2A4CRl1, 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 lA2A4Q7, Q8 improve output waveshape by
providing symmetrical charge and discharge circuits
for load capacitance. Resistor lA2A4R71 provides
short circuit protection and resistor lA2A4R72
provides termination for coaxial transmission. Low-
pass filters lA2A4L1, C33 and L2, C34 decouple high
frequencies from the -5 vdc and +5 vdc supplies,
respectively.

The 750-HZ prf utilized in the synchronizing circuit
portion of the video simulator and synchronizer cir-
cuit is derived from the 5--MHZ clock signal 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 lA2AlU7, Ul
through U6, U10 through U12, and U16 thro
Clocking occurs at the positive transition of
pulse. Clock pulses are applied to the
puts. The dual J-K logic inputs Jl, J2 and Kl, K2 are
enabled by logical “1” (2.6 vdc minimum). Therefore,
unused J-K inputs are connected to +5 vdc.
Complementary inputs J, K are enabled by logical “0”
(0.40 vdc maximum). Therefore, unused complemen-
tary inputs are grounded. Set (S) and reset(R) inputs
are activated by logical “0”. Because all 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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2-54. Reset Pulse Generation 

(fig. FO-15)

2-53.  750-Hz Prf  Generat ion
(fig. FO-15 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
lA2AlU24A 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 lA2Al socket. The
clock pulse is also supplied to U24A and to R-S flip
flop U22 co establish reset pulse width. Assume that
all 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. 2-12) toggles flip-flop lA2AlU7 (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 J-K inputs of flip
flop Ul. With all 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 t les on the first positive transi-
tion of the clock pulse to occur after enabling of logic
inputs. The J-K 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

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

all 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 all 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:

Therefore, the clock counter chain provides the
desired nominal 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

2 - 2 1
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2-55. Test Video Generation
(fig. FO-15 and 2-12)

2 -56 .  Sweep  Ga te  Genera t ion
(fig. FO-15 and 2-12)

2 - 2 2

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  C lamp ion
(fig. FO- 15 and 2-12)

R-S flip-flop lA2AlU23D, 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 - 5 8 .  A n t e n n a  C o u n t e r
(fig. FO-16 and 2-12)

The antenna counter divides the prf of the sweep
to obtain the synchronized 5.9-Hz square wave
antenna gate. Counting is performed by J-K flip-
flops lA2A2U4, 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
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2-59 .  F t .  Enab le

(fig. FO-16 and 2-12)

2 - 6 0 .  M t  E n a b l e
(fig. FO-16 and 2-12)

NAND gate lA2A2UlC adds the Q ou
and U5B to provide waveform

B adds the output of U1C and the
U4B to provide waveform AX.

U 6 B  adds  the  enab le  ou tpu ts  o f
(ANTENNA switch in BOTH position),
of flip-flop U4A, and the output of UlB
mt enable signal (waveform AY). This s
verted by NAND gate U7C and supplied to line driver
Q3, Q4, Q5. This line driver functions in the same
manner as line driver lA2AlQ7, Q8, Q9 (para 2-56).

Section IV. HORIZONTAL AND VERTICAL SWEEP CIRCUITS,

CIRCUIT ANALYSIS

2 - 6 1 .  G e n e r a l

2 - 6 2 .  S w e e p  G e n e r a t i o n
(fig. FO-24)

erator 2A4AlAR2 is gates on by
signal 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 AlAR4.

a. Sweep Gate Switches 2A4AlQ3, 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 signal, switches AlQ3
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 0 signal, from the
horizontal range selection circuit, is divided by 33 in
voltage divider network AlR14, 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 AlQ3 and Q4 are
cut off, allowing sweep generator AlAR2 to develop
its output.

b. Sweep Generator 2A4AlR2 Sweep generator
2A4AlAR2 is a hybrid module, operational amplifier
connected as a bootstrap ramp generator that
develops positive and negative output signals depend-
ing upon the polarity of the cosine 0 input signal.
When switches AlQ3 and Q4 open, charging capacitor
AlC7 charges toward the cosine 0 value through

2 - 2 3
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2-63. Cubing Amplifier.
(fig. FO-24 and 2-13)

Cubing amplifier 2A4A2AR9 modifies the offset,
bipolar ramp voltage from summing amplifier AlAR4.
The cubing amplifier is a hybrid module, operational
amplifier having  a resistor-diode voltage sensitive in-
put network. Figure 2-13 illustrates the cubing
amplifier in simplified form, assuming positive input

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. FO-24). A cubing amplifier voltage gain

2 - 2 4

positive series-parallel network remains passive and
the negative network (fig. FO-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

(fig. FO-24)

Negative sweep detector 2A4AlAR5 and unipolarizer
AlAR7 operate together to develop negative-going
ramp voltages regardless of the polarity of the offset
ramp signals from summing amplifier AlAR4. Out-
put signals from the unipolarizer are supplied to
logarithmic amplifier A2AR7 and the squared sum-
ming amplifier AlAR9.

a. Negative Sweep Detector AlAR5. The negative
sweep detector is a hybrid module, operational
amplifier circuit that provides a positive-going ramp
output when its input ramp signa1 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, AlR28 or R30. When the input is positive,
diode A1CR5 conducts and resistor AlR30 acts as the
feedback resistor. Since pin 1 of AlAR5 and AR7 is at
a virtual ground, no current flows through resistors
AlR28 and R29. Thus, the amplifier circuit output at
the junction of these resistors is zero volt. When the
input ramp signal is negative, diode AlCR4 conducts
to switch resistor AlR28 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 AlR27 and R36 es-
tablish a voltage gain of one for the Unipolarizer,
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Figure 2-13. Cubing, amplifier, simplified schematic diagram.

ing its output to be a n tive ramp signal having
same amplitude as i put. With a negative

ramp input to sweep detector AlAR5 positive and
n ve ramp voltages are combined in a summing
network consisting of resistors AlR27 and R29. This
results in a negative ramp voltage output from uni-

AlAR7 that has the same amplitude as the
sweep detector input.

2-65. Direct Current Amplifier 2A2
(fig. FO-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

als from summing amplifier 2A4A2AR12 are
supplied to the noninverting input of differential

2-67.  Sweep Generat ion

also through 2S2. The centering control is connected
in a voltage circuit across ±9 vdc. The 9-volt sources

regulators, 2AlVR3
gain is controlled by

control. The feedback to the is-

2A2AlQl. The output from the differential amplifier
is amplified by inverter 2A2A1Q2 and supplied to
complementary, compound-connected emitter
followers 2A2AlQ7/Q3 and 2A2AlQ8/Q5. In-phase
outputs are taken from these emitter followers and
supplied to a complementary push-pull power
amplifier consisting of transistors 2A2AlQ4 and
2A2AlQ6. When the input sweep signal is at 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 FO-2 is
discussed functionally on a block diagram level in
paragraphs 2-28 through 2-31. Paragraphs 2-67
through 2-72 describe the detail functions of the
stages in this circuitry.

(fig. FO-24)

Vertical sweep generator 2A4AlAR6 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
AlAR8

a. Sweep Generator Switches 2A4A1Q9, Q10.
These switches operate in the same manner as the
horizontal sweep generator switches AlQ3, Q4 (para
2-62a). However, they control application of the sine
0 signal to vertical sweep generator AlAR6 instead of
the cosine 0 signal.

2 - 2 5
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2-69. Logarithmic Amplifier  2A4A2AR5 and
A2AR7

left aircraft drift, the switch 2A4AlQ7 conducts and
supplies a zero volt level to source follower AlAR3.
The source follower clamps one input to summing
network AlR4, 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 AlARl
provides a high negative voltage that turns switch
AlQ8 on and switch AlQ7 off. With switch A1Q8 on,
the positive sine 0 output is summed with the fixed
vertical offset voltage and routed to switch AlQ6.
Setting ANTENNA switch 2S9 to BOTH cuts off
switch AlQ7 and permits the polarity sensor driver to
control operation of switch AlQ8. Since the polarity
of the sine 0 the both antenna
mode, switch the sine 0 signal is
positive, char AlC8. During the
other half cycle of the antenna gate, capacitor AlC8
holds its charge to maintain the sine 0 level at the in-
put to summing network AlR4, R21.

2 - 6 8 .

N ive 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-

2 - 2 6

(fig. FO-24 and 2-14)

Two logarithmic amplifiers are used to modify the
horizontal and vertical unipolarized ramp vol
part of an arithmetic process that provi
cushion corrected vertical deflection signals. Both
amplifier circuits are shown in figure 2-14 along
with their input and output waveforms. In this il-

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
A2AR5 increases linearly to +3.4 volts. When the
threshold voltage of diode A2CR9 is exceeded, resistor
A2R23 is connected in parallel 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 signal 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 A2AR5. 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 - 7 0 .
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Figure 2-14. Logarithmic amplifiers, simplified schematic diagram.

2 - 2 7
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Figure 2-15. Antilogarithmic amplifier circuit, simplified 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 vertical ramp voltages from summing
amplifier A2AR8. Since the ramp voltage can be
bipolar and the antilogarithm signal is unipolar, the
antilogarithm output is inverted by unity gain in-
verter A2ARl3 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 A2ARll 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

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
signal, from summing amplifier AlAR8, 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 A2ARll. 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 vertical sweep signal is
routed to dc amplifier 2A3.

2-72. Direct Current Amplifier 2A3
(fig. FO-23)

The dc amplifier used to supply vertical yoke current
for the ft and mt cathode ray tube deflection yokes is
identical to the horizontal dc amplifier described in
paragraph 2-65.

2 - 2 8
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Section V. VIDEO AMPLIFIER  CIRCUIT, CIRCUIT ANALYSIS

2 - 7 3 .  G e n e r a l

2 -74 .  F ixed-Targe t  Video  Ampl i f i e r  1A2A6
(fig. FO-20)

6 contains circuitry for con-
of the ft cathode ray
circuit. In the video

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 at zero vdc. In the dc restorer,
diode A2CRl compensates for the voltage drop across
diode A2CR2. The output from emitter follower A2Q4
is applied to a fixed compression  network consisting
of resistors A2Rl2/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/Rl3. This effectively decreases the overall

2 - 7 5 .

Unblanking of the fixed-target cathode ray

2 - 2 9
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Section VI. CATHODE RAY TUBE FOCUS CIRCUIT, CIRCUIT ANALYSIS

2 - 7 6 .  G e n e r a l

2-77. Ft. and
(fig. FO-24)

Both the ft and mt dynamic focus amplifiers receive
their s ignal  input from squaring amplif ier
2A4AlAR9. Since the amplifiers are identical, only
the ft dynamic focus amplifier is described.
Paragraph 2-78 discusses operation of the squaring
amplifier.

2-78. Squaring Amplifi
(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

resistors AlR40, R44 to track the input signal down to
its maximum value, producing a
amplifier output. Exceeding the threshold levels of
diodes AlCR8 and CR9 causes the junctions of
resistors AlR41, R45, and AlR42, R46 to track the in-
put signal also. Thus, the gain of amplifier AlAR9 is
increased at each break point. For the horizontal and
vertical ramp signal amplitudes shown in figure
2-16, the threshold for diode AlCR 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.

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

2 - 3 0
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2-79. Drift Angle Servo Loop

(fig. FO-3)

2 - 8 0 .  S e r v o a m p l i f e r
(fig. FO-25 and FO-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 alternate half cycles of a 26-
vac, 400-Hz reference signal from transformer lA2Tl

Q5 (fig. FO-25) conducts
and switches A3Q7, Q8 to
ng 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
buf fe r  A3AR5.  The  buf fe r  i s  a  micromodule
operational amplifier having a voltage gain of ap-
proximately 45, which is established by feedback
voltage divider A3AR9, R37. Waveform B (fig. FO-3),
represents the buffered output signal when the error

between synchros lA3Bl and 2B2 is less than 5
es. For an error of greater than 5 degrees, the

buffer is overdriven which produces a square wave
output signal.

b. Integrator A3AR6. Integrator A3AR6 is a
bootstrap generator that develops positive or negative
ramp output signals depending upon the polarity of
the output from buffer A3AR5. Since the ramp

nerator input is a pulsating dc signal, charging
pacitor A3C17 holds its output charge during the

intervals when the rectifier output is clamped to
ground, causing integration of the output from buffer
A3AR5. Adjustable degenerative feedback is provided

ivider A3R48/R49, and R50 to permit ad-
tor voltage gain for a
A3R40 and bootstrap

to establish a constant
ent through capacitor A3Cl7. With a

constant current flowing through the capacitor, a
ltage is developed at the output of in-
6 (waveform C, fig. FO-3).

incorporating external positive
negative 1.14 vdc bias voltage

threshold of the level detectors, the
detectors is approximately +7 vdc.

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 UllB. 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 J-K inputs to stabilize before the clock pulse
arrives. When triggered, the bistables provide an
enable gate for inverters A2U7A, U7E or U7D, U7F,
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

2 - 3 1
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2-81. Servo Loop Stepper Motor
(fig. 2-17)

Figure 2-17. Stepper motor contol, simplified schematic diagram

2 - 3 2
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Section VII. BITE AND POWER  SUPPLY CIRCUITS, CIRCUIT ANALYSIS

2 - 8 2 .  G e n e r a l

2 -83 .  BITE Ci rcu i t ry
(f ig.  FO-18)

The BITE circuitry is divided into two major circuits
which are functionally described on a block diagram
level in p ph 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
lA2DS2 (fig. FO-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 lA2A4Ql 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 lA2A4AR2, AR4,
AR6, and AR8 are commonly connected through
BITE switch lA2S7 (fig. FO-14) to ground in the
OFF position. When BITE switch lA2S7 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 channel is dis-
cussed. A sample of the ft video signal is applied to
operational amplifier lA2A4AR5 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 dual 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 Ql is turned on.

b. Fault Isolation Circuit. The fault isolation cir-
cuit 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

2-84. Indicating  System Series Regulated Sup-

(fig. FO-12)

a. General. Transformer Tl in low voltage power
supply module lAlA3 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
lAlA3Ql 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
A4AlR13 (fig. FO-12) and supplied to differential
amplifier A4AlQ3 where it is compared with a signal
(normally 16.3 volts dc) developed by 11.7-volt Zener
diode A4AlVR2. Any change in the regulated output
voltage is divided by voltage divider A4AlR12, R13,
R14. Thus, an increase in the -28-volt output (more
negative) causes the differential amplifier to produce
a positive-going error voltage for inverter A4AlQ2.
Because the inverter supplies base current for series
regulator lAlA3Q1, its collector current decreases,
causing the regulated output voltage to return to its
original value. Zener diode A4AlVRl assures proper
starting of the regulator. When primary power is
applied, the regulator output is zero volt. Base
current for series regulator lAlA3Ql (fig. FO-12) is
supplied through diode A4AlCR3 and 27-volt Zener

2 - 3 3
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2-86.  Indicating System Overcurrent  Protec-
t i o n

similar to the -28 vdc ator circuit. However,
differential amplifier receives its supply
vol tage  re fe rence  v m the regulated -28
vdc output. A -20 vdc reference voltage, developed by
voltage divider A4A2R5 through R8, 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 lAlA3Q5 where it is again inverted. The out-
put from inverter Q5 is used to provide drive for
series regulator lAlA3Q4. Since the series regulator
also acts as an inverter, any change in output voltage
is canceled. Output filtering is incorporated by
parallel capacitors 2C4, C5, C6 (fig. FO-21).

d. Regulated +100-, +20-,  and +6 3-Volt DC

Supplies. The +100-volt, +20-volt, and +6.3-volt
series regulators lAlA3Q7, Q2, and Q6 are driven by
similar regulator circuits. In each case, differential
amplifiers A4A2Q2/Q3; A4AlQl; 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 1AlA3Q7 while error signals for
the +20- and +6.3-volt supplies are routed through
emitter follower lAlA3Q3 and inverter A4AlQ4
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
A4AlCR1, 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.

2-87.  Secondary Power Sources
(fig. FO-26 and FO-8)

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 rectif ier  lAlA3AlCR13
through CR18. The regulator (lAlA3Q8) provides 531
volts dc. This regulator is controlled by emitter
follower A4A2Q4 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

(fig. FO- 12)

Silicon controlled rectifier switch A3AlQl ope
relay A3AlK3 in the event that either the plus or
minus 20-volt supply is overloaded. With relay
A3AlK3 operated, series regulator lAlA3Ql is cut
off which removes the -28 vdc power thereby turning
off the other series regulators. Switch A3A1VR1 con-
ducts when it receives a pos lse at its gate and
remains on until its anode is removed. Nor-
mally, a negative voltage i ied to the switch
through resistor A3AlR2. If either current relay
A3AlKl or K2 operate, un ated +20 vdc is con-
nected to voltage divider A3 l/R2 This generates
a positive pulse that exceeds the threshold voltage of
12-volt Zener diode A3A1VRl to trigger the silicon
controlled rectifier resulting in the turn off of all six
power supplies.

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
2A6AlR16, 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 2A6AlQl 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 falls below approximately
13 volts dc, Zener diode 2A6VRl conducts, causing
switch 2A6Ql to turn on. With switch 2R6Ql turned
on, the base of emitter follower 2A6AlQ3 is clamped
to the +20-volt dc regulated output, which turns off
this stage, thereby removing the base current from
series regulator 2Ql (fig. FO-6).

c. Nine-Volt Sources. Plus and minus 9 vdc is
generated by cascade operational amplifiers in
module 2A4. One amplifier (2A4A2ARl) (fig. FO-24)

2 - 3 4
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referenced series regulator that provides the plus 6-
output. Series regulator Q15 receives its drive

al from inverter Ql4; which, in turn, receives an
al from the temperature compensated
der across the plus and minus regulated

Thus, the negative voltage tracks the
positive voltage to maintain balanced outputs. Zener
diode VR3 is normally 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. FO-17)

a. General. Transformer lA2T2 (fig. FO-14)
three, three-phase voltages from the 115 vac,
rimary power. These voltages are rectified

ree, 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 lA2A3Q9 (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

series regulator Q9 is inverted and amplified by
0 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

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
lA2A3R11, 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. FO-9)

Anode load module lA1A6 and focus load module
lAlA5 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 lAlJ8, series
resistors lAlA6R3-R6 and lAlA2R1 provide a 1000-
megohm dc load. The voltage drop across the parallel
resistance of lAlA6R6 and lAlA2Rl provides the in-
put to the anode voltage follower lAlA2U1. 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

2 - 3 5
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2 - 9 0 .  F i l m  S p e e d  S o u r c e s

There are two film s
the interconnectio

circuit shown in figure 2-18 provides a +4v to +27v
dc potential, depending upon the setting of FILM
SPEED control lA2R18. When this control is fully

2 - 9 1 .

(fig. 2-9)

Plus Vdc regulated vol is generated from the
196 Vac between phases in the 1A1 panel assembly
with transformer 1A1T1, reactor 1A1L1 and the
regulator circuit on lAlA2. The primary power is
applied to the primary winding of transformer
1A1T1. A 43-volt ac secondary is applied to bridge rec-
tifier 1AlA2CRl - CR4, the output of which is

Figure 2-18. film speed variable voltage circuit,, simplified schematic diagram

2 - 3 6
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Figure 2-19. Control film speed control circuit

filtered by LC network lAlL1, lAlA2Cl. Power
amplifiers lAlA2Q1, Q2 amplify the rectified voltage
and feed regulator lAlA2Q3 which develops the out-

dc. The regulated +28 vdc is used for
servo assembly and the input to VR7

which outputs +5 vdc to the ADAS board.

2 - 9 2 . Plus 26 Volt DC Power Sup

The +26 Vdc power supply is a dc-to-dc power supply.
It is a sealed, 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. FO-10).

ADAS simulator lAlA1 provides unblanking and
vertical deflection signals which exercise the ADAS

itry of Recorder-Processor-Viewer,
ng RO-495/U. The ADAS simulator has
g modes as set by ADAS MODE switch

1AlSl: 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 vertical 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-

pulses are again output, but the ramp signal is
bled. 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

AS data blocks. The following subparagraphs
describe the circuits of the ADAS simulator.

a Input  Buffer and Clock Enable.
Input buffer lAlQ1 accepts the 28 volt data demand
pulse and converts it to a +5 volt pulse for the clock
enable. Clock enable flip-flop U11A 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 allows 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 U5C, 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.

2 - 3 7
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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.

ntly, the word counter ad twice for
bit of the word. The

counter is reset data demand. The
seventh bit is one of the inputs to the ramp generator
(para 2-93e above).

g. Programable Read (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., 0,2,4, of the PROM.
The remaining two bits are the successive odd word of
the PROM i.e., 0, 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
parallel six bit word to a serial word. Since the total
t ime  fo r  a  da ta  b i t  i s  approx imate ly  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 Ul6C is ANDed with the

clock for all data demands.
k. Deflection Clock. The deflection clock consists of

monostable multivibrator UlB 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
reset is held high, the multivibrator is
run. When the reset is held low, the multivibrator
is turned off.

l. Ramp Generator. Ramp generator consists of
U18B, Q2, Q3, Q4, Q5, and Q6. The enable from the
BCD/ALT/NUM selection circuit and the 7th bit 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 allows 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 IX.

2-94. General
(fig. FO-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-

2-38

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.
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2 - 5 .  C l o c k  G e n e r a t o r

2-98.  Video Decoder

2-96 .  B ina ry  Counte r

2 - 9 7 .  R a m p  G e n e r a t o r

f a level changer (Q5,
2-99.  Deflection Decoder

( f i g .  2 - 2 0 )

tively opens the dc feedback path between the output
the input of U6 (inverting). Capacitor C3
s to charge through R17 and causes in in-

creasing negative voltage on the output of U6. During
counts of zero 7, a positive voltage is applied

. Q3 conducts and capacitor C3

2-100. Summer

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.

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

Figure 2-20. Deflection coder, timing diagram.

2 - 3 9
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C H A P T E R  3

DIRECT SUPPORT MAINTENANCE INSTRUCTIONS

Section I. INTRODUCTION

3-1. Scope of Direct Support Maintenance

3-2 .  Organ iza t ion  o f  Di rec t  Suppor t  Main -
t e n a n c e

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 3-16 through 3-33).
c. Troubleshooting (para 3-16 through 3-33).
d. Removal and replacement procedures (para

3-36).
e. Cable repair (para 3-37).
f. Cleaning (para 3-38).
g. Painting (para 3-39).
h. Calibration (para 3-40 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-l below.

Table 3-1 . Tools and Test Equipment

Section II. TROUBLESHOOTING

W A R N I N G

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 .  G e n e r a l

a. Troubleshooting at direct support maintenance
level includes all  the techniques outlined for

organizational maintenance and any special or ad-
ditional techniques required to isolate a malfunction
to a defective part. The direct support maintenance

3 - 1
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3-7. FAILURE Light Indications

3 - 5 .  O r g a n i z a t i o n  o f  T r o u b l e s h o o t i n g  P r o -
c e d u r e s

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.

3-8. SWEEP FAULT Light Indications

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
t e s t .  T h i s  t e c h n i q u e  i s  u s e d  w i t h  a l l  t h e
troubleshooting procedures in this section to localize
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
maintenance.

c. The schematic and wiring diagrams contained in
this technical 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 alpha-numeric
sequence format including a designated identifying
wire number.
cl. 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

a. Horizontal sweep troubleshooting, (para 3-25).
b. Vertical sweep troubleshooting, (para 3
c. Video compression troubl ).
d. Unblank circuit troubles

This lamp will flash when a fault exists in video
amplifier lA2A6, sweep generator 2A4, or horizontal
amplifier 2A2. Refer to paragraphs 3-24,3-25, and
3-28 for troubleshooting these circuits.

3-9. INDICATOR FAULT Li

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 localizing the fault to a specific circuit or

component, refer to paragraph 3-19 or 3-20.

3-11. Connector Continuity

a. General. The following tests are to be performed
on all 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 table 3-2.

Some connectors do not contain all 41 pins
listed in table 3-2.
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3 - 2

p a r a g r a p h s  3 - 5 1 ,  3 - 5 2 ,  3 - 5 3  i f  a b n o r m a l

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

3 - 1 2 .

a. LO SUPPLY Connector
Jl. Refer to table 3-2 and measure the resistance
between the test points and associated pins of connec-
t o r  J l  w i t h  t h e  m u l t i m e t e r .  A l l  r e s i s t a n c e
measurements should be less than 0.5 ohm, except
those made at test points 4, 5, 7, 9, 16, 17, and 19

easurements made at these test points
should indicate infinite resistance.

b. HIGH VOLTAGE REGULATOR Connector J2.
Refer to table 3-2 and measure the resistance
between the test points and associated pins of connec-
t o r  J 2  w i t h  t h e  m u l t i m e t e r .  A l l  r e s i s t a n c e
measurements should be less than 0.5 ohm, except

a t these test points

nts and associated pins of J3 with
resistance measurements should

se made at test points

d. RACK/RO-495/U Connector J4. Refer to table

table 3-2 and measure the resistance

these test points should indicate infinite
g. ADAS DEMAND Connector J9. Refer to table

3-2 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 Jl. Refer to table 3-2
and measure the resistance between the test points
and associated pins of connector Jl 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
at these test points should indicate infinite resistance.

d. YOKE LOAD Connector J14. Refer to 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 table 3-2 and measure the resistance

3 - 3
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3 - 2

should indicate infinite resistance.
h. ADAS/RACK Connector  J20. Refer to 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. 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 to 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 at these test
points should indicate infinite resistance.

k. RGP/RACK Connector J26. Refer to table 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.

J5.  Refer  to table 3-2

3-14 .  Genera tor  S imula tor  (Un i t  2 )  Con-
nector Continuity Procedure

a. SWEEP/INDICATOR Connector Jl. Measure
the resistance between the test points and associated
pins of connector Jl  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

dicate infinite resistance.

3 - 1 5 . Test Set Group Functional T
(fig. FO-4)

a. General. The following tests are required to elec-
trically test the test set group. A basic test setup is
used for all testing. Modifications to this test setup
are described in individual 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-l 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 functional tests as follows:

(1) Arrange the equipment on a suitable
workbench in the following left-to-right order: in-
dicator simulator (unit lA2), generator simulator
(unit 2), and indicator simulator (unit 1Al).

(2) Open (pull out) AC, DC, LOW VOLTAGE cir-
cuit breakers on unit lA2.

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

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

d. Initial Test Equipment Calibration
(1) Apply power to the oscilloscope,, di

voltmeter, variable transformer, and pulse generator
and allow a 15 minute warmup period prior to per-
forming tests
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W A R N I N G

exist in Test Set
A/APS-94D and

potentials of +640 and -531 vdc exist

Each test in this is o
systematic manner to assure
plete test is performed. Connect the test
equ ipment  a s  d i rec ted  in  the  t e s t
procedure. The tests are arranged to be
performed in the sequence given. Should a
random test be performed, make sure that
al l  the prel iminary steps given in
paragraph 3-15 above have been ac-
complished.

3-16. Primary Power Distribution Trouble-
S h o o t i n g

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

Table 3-3. Primary  Power Distribution  Test

3 - 5
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b. Troubleshooting Procedure.
procedure is used when a fault is s
primary power distribution circuits
group. Primary power is defined as the distribution of
the 115 vac, 400 Hz, 3-phase and 28 vdc bench power

in the p. Figure FO-5 sho
power n and control syste
group and will be an aid to the technician
troubleshooting.

Table 3-4. Primary Power Distribution Troubleshooting

3 - 6
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Table 3-4. Primary Power Distribution Troubleshooting - Continued

WARNING

a. Bench Test. Perform the low voltage power

3-17.  Low Voltage Power Supplies Trouble-
s h o o t i n g

supplies test as described in table 3-5 below. Refer to
figure FO-6 for location of test points in units 1A1

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

Table 3-5. Low Voltage Power Supplies Test

3 - 7
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Table 3-5. Low Voltage Power Supplies Test - Continued

b. Troubleshooting Procedure. The following
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 aid to the rapairman when troubleshooting.

W A R N I N G
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

3 - 8
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Table 3-6. Low Voltage Power Supplies Troubleshooting - Continued

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

3 - 9
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Table 3-7. Panel Lights Test - Continued

Table 3-8. Panel Lights Troubleshooting

3-19. Servo Loop Troubleshooting

a. Bench Test. Perform the servo loop bench test as described in table 3-9 below.

Table 3-9. Servo Loop Test
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Table 3-9. Servo Loop Test - Continued

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

a r 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

3-20.  Servo Loop Supplementary Tests for
Troubleshooting
(fig.  3-1 and FO-7)

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

paragraph 3-15c.

d .  P r o c e d u r e .  T h e  f o l l o w i n g  p r o c e d u r e
supplements the servo loop test of paragraph 3-19.
T h i s  p r o c e d u r e  w i l l  b e  u s e d  a s  a n  a i d  t o
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-
m a n c e  t e s t  o f  t h e  s e r v o  l o o p .  P R O B A B L E
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.

Table 3-l1 .  Servo Loop Supplementary Test
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Table 3-11. Servo Loop Supplementary Test - Continued
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Figure 3-1.  Control synchro adjustment test setup (A and B).
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3-21. Clock Waveform Troubleshooting.

Table 3-12. Clock Waveform Test

and prf counter lA2A1, antenna counter lA2A2 or
video amplifier lA2A6. Use of the troubleshooting

C, D, E, F, G, H, and J of procedure will localize a clock waveform trouble to
one of these three modules.
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Table 3-13. Clock Waveform Troubleshooting

3 - 1 6



Table 3-13. Clock Waveform, Troubleshooting - Continued
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Figure 3-2. Test Set Group, Indicator, Radar OQ-63A/APS-94D, waveforms (sheet 1 of of 5)
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Figure 3-2. Test Set Group Indicator, Radar OQ-63A/APS-94D, waveforms (sheet 2 of 5).
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Figure 3-2.  Test Set Group, Indicator, Radar OQ-63A/APS-94D, waveforms (sheet 3 of 5)
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Figure 3-2.  Test Set Group, Indicator,  Radar OQ-63A/APS-94D, waveforms (sheet 4 of  5)
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Figure      Radar  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 table 3-14 below.

Table 3-14 Film Speed Teat
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Table 3-14. Film Speed Test - Continued

Table 3-15. Film Speed Troubleshooting
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3-23. Intensity Control Voltage Troubleshooting

Table 3-16. Intensity Control Voltage Test

Table 3-17. Intensity Control Voltage Troubleshooting
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3-24. Vertical Sweep Waveform Troubleshooting

Table 3-18. Vertical Sweep Waveform Test

Table 3-19. Vertical Sweep Waveform Troubleshooting

3-25
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Table 3-19. Vertical Sweep Waveform Troubleshooting - Continued
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3-25 .  Hor izon ta l  Sweep  Waveform Troub leshoo t ing

Table 3-20. Horizontal Sweep Waveform Test

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

Table 3-21. Horizontal Sweep Waveform Troubleshooting
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3-26. Unblank Circuit Troubleshooting

Table 3-22. Unblank Circuit Test

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

Table 3-23. Unblank Circuit Troubleshooting

3 - 2 7 . Offset Circuit Troubleshooting
a.  Bench Test. Perform the offset circuit bench test as described in table 3-24 below.

Table 3-24. Offset Circuit Test
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Table 3-24. Offset Circuit Test -Continued

b. Troubleshooting Procedure. The following troubleshooting procedure is referenced to test set
group waveforms N and L of figure 3-2.

Table 3-25. Offset Circuit Troubleshooting
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Table 3-25. Offset Circuit Troubleshooting - Continued

3-28.  Video Compression Troubleshooting

a Bench Test. Perform the video compression bench test as described in table 3-26 below.

Table 3-26. Video Compression Test
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Table 3-26. Video Compression Test - Continued

Table 3-27. Video Compression Troubleshooting
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TM 11-6625-1833-30

Table 3-27. Video Compression Troubleshooting - Continued

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 in table 3-28

below.

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

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

3 - 3 3
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Table BITE, Sweep, Indicator and Servo Fault Circuits Troubleshooting - Continued
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3-30.  ADAS Simulator Troubleshooting

Table 3-30. ADAS Simulator Test

Table 3-31. ADAS Simulator Troubleshooting
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3-31. Monitor Adapter Input Simulator Troubleshooting

a. Bench Test. Perform the monitor adapter input simulator test as described in table 3-32 below

Table 3-32 . Monitor Adapter Input Simulator Test

Table 3-33. Monitor Adapter Input Simulator Troubleshooting

3-32. Dynamic Focus Troubleshooting
a. Bench Test. Perform the dynamic focus bench test as described in table 3-34 below.

Table 3-34. Dynamic Focus Test
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Table 3-35. Dynamic Focus Troubleshooting

3-33. High Voltage Load Troubleshooting W A R N I N G

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

Table 3-37. High Voltage Load Troubleshooting

Section III. DIRECT SUPPORT MAINTENANCE OF 
TEST SET GROUP

3 - 3 4 .  G e n e r a l

Refer  to  TM
11-3325-12  when  se rv ic ing  the  equ ipmen t .

3 - 3 8
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3-35 .  Remova l  and  Rep lacement  Techn iques 3 - 3 7 .  C a b l e  R e p a i r

3-36. Removal and Replacement Procedures

WARNING
3 - 3 8 .  C l e a n i n g

WARNING

(3) Refer to figures 3-3 and 3-4 for location of
parts.

C A U T I O N

3-39 .  Pa in t ing

(3) Refer to figure 3-5 through 3-9 for location
of parts.

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

3 - 4 0 .  C a l i b r a t i o n
(3) Refer to figure 3-10 through 3-13 for loca-

tion of parts.

3 - 3 9
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3 - 4 0

Figure 3-3. Test Set Subassembly MX-3433A/APS-94D,  Unit 1A1 front panel, parts location.
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Figure 3-4. Test Set Subassembly MX-8638A/APS-94D, 1A1, rear chassis view, parts location.

3-41. ServoControl-Synchro Coarse Calibration

3 - 4 1



TM 11-6625-1833-30

3 - 4 2

Figure 3-5. Test Set Subassembly MX-8633A/APS-94D, Unit 1A2, front panel parts location.
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Figure 3-6. Test Set Subassembly Mx-8638A/APS-94D, Unit 1A2, rear chassis top view, parts location.

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. Terminal board 1A2TB3, parts location.

3-42. Servocontrol Synchro Fine Calibration
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Figure 3-10. Test Set Subassembly MX-8632A/APS-94D, Unit 2, front panel, parts location.

3-43. GS/DFT Dial Calibration

C A U T I O N
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Figure 3-11. Test Set Subassembly MX-8639A/APD-94D, Unit 2 rear chassis new, parts location

Figure 3-12. Test Set Subassembly MX-8639A/APS-94D,  Unit 2, bottom chassis new, parts location
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F i g u r e  3 - 1 3 .  T e r m i n a l  b o a r d   p a r t s  l o c a t i o n s

Section IV. DIRECT SUPPORT TESTING PROCEDURES

3-44 .  Gene ra l 3 - 4 5 .  P h y s i c a l  T e s t s  a n d  I n s p e c t i o n s

3 - 4 8



TM 11-6625-1833-30

3-46. Indicator Simulator, Unit 1A1, Physical
Test and Inspections

Table 3-38. Indicator Simulator. Unit 1A1, Indicator Physical Test and Inspection

3-47. Indicator Simulator, Unit 1A2, Physical Test and Inspection

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

3 - 4 9
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Table 3-39. Indicator Simulator, Unit 1A2,  Physical Test and Inspection-Continued

3-48. Generator Simulator, Unit 2, Physical Test and Inspection
Perform the generator simulator, unit 2, physical test and inspection as described in table 3-40 below.

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

3-49. Electrical Tests

a. Tools and Test Equipment Required.
ultimeter AN/USM-223.

(2) Oscilloscope AN/US

(1) Arrange the equipment on a workbench in
the following left-to-right order. Indicator simulator
(unit lA2), generator simulator (unit 2), and indicator
simulator (unit 1A1).

(2) Connect interconnecting cables to the test set
(3) Transformer, Variable Power, General Radio

(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.

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
II, Troubleshooting. Perform all the bench tests in
Section II in the sequence given.

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

3 - 5 0 .  G e n e r a l

This section contains the wire lists for the test set
group. The wire lists cover the wiring for the three

of the test set group. Each list presents point-to-
(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 alphanumerical sequence. Wired in sub-

assemblies are covered by individual illustrations
w h i c h  a r e  r e f e r e n c e d  i n  t h e  a p p r o p r i a t e
troubleshooting paragraphs.

3 - 5 1 . Test Set ssembly MX-8638A/APS-
ire List

The wire list for unit 1A1 is presented in table 3-41.
The wire list will be an aid to the repairman when
testing or troubleshooting unit 1A1.

Table 3-41.  Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire List
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Table 3-41 Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire Last- Continued
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Table 3-41. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire List-Continued
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Table 3-41. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire List - Continued
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Table 3-41. Test Set Subassembly MX8638A/APD-94D Unit 1A1, Wire List - Continued
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Table 3-41.  Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire List-Continued
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Table 3-41. Test Set Subassembly MX-8638A/APS-94D, Unit 1A1, Wire List - Continued

3 - 5 7
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3-52. Test Set Subassembly MX-8638A/APD-94D, Unit 1A2 Wire List.

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

3 - 7 2



T M  1 1 - 6 6 2 5 - 1 8 3 3 - 3 0

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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3-53. Test Set Subassembly MX-8639A/APS-94D, Unit 2 Wire List.

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

3 - 8 4



TM 11-6625-1833-30

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

3 - 8 6



TM 11-6625-1833-30

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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A P P E N D I X  A

R E F E R E N C E S

DA Pam 310-4

DA Pam 310-7
T B  1 1 - 1 8 3 3 - 3 5 - 1

TB 43-0119

T M  1 1 - 5 8 9 5 - 9 6 7 - 1 2

TM 11-6625-444-14-1

TM 11-6625-654-14

TM 11-6625-1833-12

TM 11-6625-2658-14

TM 38-750

A - 1
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A P P E N D I X  B

EXPENDABLE SUPPLIES AND MATERIALS LIST

Section I .  INTRODUCTION

B - 1 .  S c o p e

B-2 .  Explana t ion  of  Columns

(Next printed page B-3)

B - 1
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SECTION II EXPENDABLE SUPPLIES AND MATERIALS LIST

( 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

B-3/(B-4 blank)
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I N D E X

Paragraph, Figure
Table, Number

3-30c, T3-30
F2-2, 2-14

2-93, FO-10
F2-10, 2-47
3-30b, T3-31

2 - 9 3 j
2 - 9 3 l
2 - 9 3 h
2-93b
2-93k
2 - 9 3 a
2-93g
2-93l

2-93c
2-93d
2 - 9 3 i
2 - 9 3 f

2 - 7 0 ,  F O - 2 4
2-63, FO-24

2-41, 2-65, 2-72
F 2 - 7  F O - 2 3
2-69, FO-24
2-80, FO-25
2-78,  F2-16
2-70,  2-15,  FO-24
2-8, 2-31, FO-2
2-89, FO-9

2-58, F2-12, FO-16
2-70, FO-24
2-18, FO-2

2 - 9 3 i
2-96, FO-13
2 - 9 3 e

2-93, FO-10
2-89, FO-9
2-83, FO-18
2 - 9 0
2-84, FO-12
2-85, FO-12
F-88, FO-17
2 - 9 2
2-91, F2-9

2 - 1 4
2 - 1 0
2-9

2 - 6
2 - 1 2

Index 1
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Paragraph, Figure
Table, Number

2 - 1 3
2 - 1 1
2 - 5
2 - 7
2 - 8
2 - 4
2-10, 2-42, 2-83,
F2-2, F2-8, FO-18
2-93h

3 - 2 9 c ,  T 3 - 2 8
2-10,  F2-2
2-83, FO-18
3-29b, T3-29
3 - 6
3-37

3 - 4 3
3 - 4 1
3 - 4 2

2 - 3 4
2-75,  FO-20
2-33, FO-2

2-79, FO-3
2-77, FO-24
2 - 8 0 ,  F O - 3
2 - 8 1 ,  F 2 - 1 7
2 - 7 8 ,  F 2 - 1 6
2 - 3 4
2-33, 2-75,
F O - 2 ,  F 0 - 2 0

2-47, F2-10
2-18, FO-2
2-42, F2-8
2 - 3 4
2-33,  FO-2

2-41,  F2-7
2-36, FO-2

2-44,  F2-8
2-37, FO-3
2-22, FO-2
2 - 2 4 ,  F O - 2
2-19,  FO-2

2-21,  FO-2
2 - 2 3 ,  F O - 2
2 - 2 6 ,  F O - 2
2 - 2 5 ,  F O - 2 2

2-38, F2-4
2-39, F2-5
2-48,  F2-11

Index  2
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Paragraph, Figure
Table, Number

2-40, F2-6
2 - 4 6
2 - 4 5 ,  F 2 - 9
2 - 4 ,  F 2 - 8
2 - 2 7 ,  F O - 2
2-35, FO-24
2 - 1 7 ,  F O - 2 1

2-29, FO-2
2-31,  FO-2
2-20, FO-2
2-28,  FO-2
2-30, FO-2

2 - 1 3 ,  T 2 - 1
F-16,  F2-3
3 - 3 8
2 - 9 5 ,  F O - 1 3

3-21a, T3-13
3-21b, T3-13

T2-1
3 - 1 1
2 - 5 8 ,  F O - 1 6

2 - 9 6

2-96,  FO-13
2 - 9 3 e
2 - 5 2
2 - 9 3 f
2-3, F2-1
2-63, FO-24

2 - 1 0 5
2-99, F2-20
2 - 6 4 ,  F O - 2 4
2 - 4 1 ,  2 - 7 2

F2-7, 0-23

3 - 1
3 - 2
3 - 3
1 - 3 c

2 - 7 9 ,  F O - 3

3-32a, T3-34
2-36,  FO-2
3-32b, T3-35

3 - 4 9
3 - 7
2 - 4 4 ,  F 2 - 8

3-22a, T3-14
2 - 9 0
3-22b, T3-15
2 - 9 0 ,  F 2 - 1 8

2-51,  F2-12,  FO-15

Index 3
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Paragraph, Figure
Table, Number

2-74,  FO-20

2 - 3 6 ,  F O - 2
2-77,  FO-24
2-35,  FO-24
2 - 8 9 ,  F 0 - 9
1 - 3
2-77,  FO-24
2-59, F2-12, FO-16

2 - 9 3 b
2 - 2 3 ,  F O - 2

2 - 9 7

2 - 3 8 ,  F O - 1 3

3 - 1 4
3-48, T3-40
2-9, 2-37,
F 2 - 2 ,  F 0 - 3
3 - 4 3

2 - 4 5 ,  F 2 - 9

2 - 2 2 ,  F O - 2
2-24, FO-2
2 - 1 9 ,  F O - 2

2-26,  FO-2
2 - 2 5 ,  F O - 2 2
2 - 2 2 ,  F O - 2
2 - 2 4 ,  F O - 2
2-19,  FO-2

3 - 2 5 a ,  T 3 - 2 0
2 - 6
2-21,  FO-2
3-25b,  T3-21
2-6, 2-21, F2-2
2-23, FO-2
2-26, FO-2
2 - 2 5 ,  F O - 2 2

1 - 2
2-38,  F2-24
2 - 8 6 ,  F O - 1 2

2-38, 2-39
F2-4,  F2-5

2-86, FO-12
2-87, FO-8, FO-26
2-84, FO-12

2-85,  FO-12
2-84, FO-12
2-85, FO-12

3 - 9

Index 4
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Paragraph, Figure
Table, Number

3 - 1 2
3-46,  T3-38
3 - 1 3
3-47, T3-39

2 - 9 3 a

3 - 2 3 a ,  T 3 - 1 6
3-23b,  T3-17

2 - 9 3 a

3 - 7
3 - 9
3 - 1 0
3 - 8
2-69,  FO-24

3 - 1 7 a ,  T 3 - 5
2 - 1 2 ,  F 2 - 2

2-39,  F2-5
3-17b, T3-6
2-88,  FO-17
2-12, 2-39
F 2 - 2 ,  F 2 - 5

2 - 3 8 ,  F 2 - 4
2 - 3 9 ,  F 2 - 5

3-31a, T3-32
2 - 1 3 ,  F 2 - 2
2 - 4 8 ,  F 2 - 1 1
3-31b,  T3-33

2 - 9 6
2 - 9 5
2 - 9 9
2 - 9 7
2 - 1 0 0

2 - 9 8
2-60, F2-12, FO-16

3 - 4 9
3-47,  T3-39
3 - 3 6 b

3 - 5 2 ,  T 3 - 4 2

3 - 4 9
3-46,  T3-38

3-36a
3-51,  T3-41

3 - 4 9
3-48, T3-40

3 - 3 6 c
3 - 5 3 ,  T 3 - 4 3
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Paragraph, Figure
Table, Number

2-64,  FO-24

2 - 6 8 ,  F O - 2 4

3-27a,  T3-24
3-27b, T3-25
3 - 2
3 - 5
2 - 5 1 ,  F O - 1 5
2-11,  2-40
F 2 - 2 ,  F 2 - 6

3 - 3 9
3 - 4 5
2 - 9 3 g
1 - 2

2-3,  F2-1
2 - 9 3 l
1 - 3
2-91, F2-9
2 - 2 7 ,  F O - 2

3 - 3 6 a
3 - 3 6 b
3 - 3 6 c
3 - 3 6
1 - 4
1 - 3 b
1 - 3 a
2 - 9 3 c
2 - 5 4 ,  F O - 1 5

2 - 8 7 ,  F O - 8 ,  F O - 2 6
1 - 1
3 - 1
T 2 - 1
2-80,  FO-25
3 - 4 1
3 - 4 2

3 - 1 0

3 - 1 9 c ,  T 3 - 9
2-80, FO-3, FO-25
3-20, T3-11
3-19B, T3-10
2 - 8 1 ,  F 2 - 1 7
3-20, T3-11
3 - 4 1
3 - 4 2
2 - 5 2 ,  F O - 1 5
2-53,  2-12,  FO-15

2 - 1 8 ,  F O - 2

2 - 5 4
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Paragraph, Figure
Table, Number

2 - 7 5
2 - 3 3 ,  F O - 2
2 - 9 3 i

2-64, FO-34
2-68, FO-24
2-26, FO-2

2 - 2 9 ,  F O - 2
2-74,  FO-24
2 - 3 1 ,  F O - 2
2-20, FO-2
2-7 ,  2-29
F2-2, FO-2

2-30,  FO-2

3-24a, T3-18
2 - 7 ,  F 2 - 2
3-24b, T3-18
2-8, 2-32,
F2-2,  FO-20

3-28a, T3-25
3-25b, T3-26
2-98,  FO-13

2 - 5 8 ,  F O - 1 6
2 - 5 1 ,  F O - 1 5

2 - 5 9 ,  F O - 1 6
2 - 6 0 ,  F O - 1 6
2-54, FO-15
2 - 5 2 ,  F O - 1 5
2 - 5 3 ,  F O - 1 5

2 - 5 6 ,  F O - 1 5
2 - 5 5 ,  F O - 1 5
2 - 5 0
2-57, F2-12, FO-15
2-4, 2-16, F2-2

2-89, F2-9
2 - 9 0
2-38,  F2-4
2-84, FO-12

2-85, FO-12
2-39,  F2-5,
2-88,  FO-7
2-46, 2-96
2-45, 2-91, F2-9
2-27, FO-2
2-97, FO-8
2-46, 2-96

2-45, F2-9

3-51, T3-41
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Paragraph, Figure
Table, Number

2 - 5 3
2 - 5 6
2 - 5 5

2 - 5 7
2-78, F2-16
2-35,  FO-2
2 - 1 0 0
2 - 5 ,  F 2 - 2

2 - 2 9 ,  F O - 2
2-31,  FO-2
2-7, 2-28, FO-2
2-67,  FO-24
2 - 3 0 ,  F O - 2
2 - 1 7 ,  F O - 2 1
3 - 8
2-56, F2-12, FO-15

2-62, 2-67, FO-24
2 - 2

F 3 - 9
F 3 - 1 3
T 3 - 2
3-11

3 - 1 5
2 - 5 5
2 - 9 3 d
2-70, F2-15, FO-24
3 - 3 ,  T 3 - 1

3 - 3 0
3 - 2 9

3 - 2 1
3 - 3 2
3 - 2 2
3 - 3 3
3 - 2 5
3 - 2 3
3 - 1 7
3 - 3 1
3 - 2 7
3 - 1 8
3 - 1 6
3 - 1 9
3 - 2 0
3 - 2 6
3 - 2 4
3 - 2 8
3 - 6

3 - 3 6 a ,  T 3 - 2 2
2 - 7 5
2 - 3 3 ,  F O - 2
3 - 2 6 b ,  T 3 - 2 3
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Paragraph, Figure
Table, Number

3 - 5 2 ,  T 3 - 4 2

3-53,  T3-43
2 - 9 3 f

2-57, F2-12, FO-15
2 - 2 5 ,  F O - 2 ,  F O - 2 2
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Figure FO-1. Color Code markings for inductors, resistors, and capacitors
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Figure FO-2. Indicating system detailed functions, block diagram (sheet 1 of 4)
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Figure FO-2. Indicating system detailed functions, block diagram (sheet 2 of 4)
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Figure FO-2. Indicating system detailed functions, block diagram (sheet 3 of 4)
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Figure FO-2. Indicating system detailed functions, block diagram (sheet 4 of 4)
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Figure FO-3. Draft angle servo loop, block diagram
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Figure FO-4. Test set group, band test setup
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Figure FO-5. Primary power distribution and control diagram
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Figure FO-6. Secondary power distribution  and control circuit diagram (sheet 1 of 3)



Figure FO-6. Secondary power distribution 
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F i g u r e  F O - 6



TM 11-6625-1833-30

Figure FO-6. Secondary power distribution and control circuit diagram (sheet 3 of 3)
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Figure FO-7. 
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Figure FO-8.
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Figure FO-9. Test Set Subassembly MX-8638A/APS-94D  Unit 1A1, 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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Figure FO-10. ADAS Simulator module 1A1A1, schematic diagram (sheet 1 of 2)
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Figure FO-10. ADAS Simulator module 1A1A1, schematic diagram (sheet 2 of 2)
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Figure FO-11. Regulated +28-volt power supply and high voltage loads
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Figure FO-12. Low voltage power supply, 1A1A3, and regulator 1A1A4 schematic diagram
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Figure FO-13. Monitor- adapter input simulator, schematic diagram
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Figure FO-14. Test Set Subassembly MX-8638A/APS-94D, Unit lA2, interconnection diagram (sheet 2 of 4)
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Figure FO-14. Test Set Subassembly MX-8638A/APS-94D, Unit lA2, interconnection diagram (sheet  2 of 4)
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Figure FO-14. Test Set Subassembly MX-8638A/APS-94D, Unit lA2, 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 3 of 4)
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Figure FO-14. Test Set Subassembly MX-8638A/APS-94D. Unit 1A2, interconnection diagram (sheet 4 of 4)
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Figure FO-14. Test Set Subassembly MX-8638A/APS-94D. Unit lA2, interconnection diagram (sheet 4 of 4)
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Figure FO-15. Five-MHz oscillator and prf counter, 1A2A1, schematic diagram
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Figure FO-16. Antenna counter,  1A2A2, schematic diagram
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Figure FO-17. Low voltage power supply regulator, 1A2A3, schematic diagram
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Figure FO-18. BITE circuit, 1A2A4, schematic diagram
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Figure FO-19. Overvoltage protection circuit, 1A2A5, schematic diagram
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Figure FO-20. Video amplifier, 1A2A6, schematic diagram





Figure FO-21. Test Set Subassembly MX-86
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Figure FO-21 . Test Set Subassembly MX-8639A/APS-94-D, Unit 2 interconnection diagram (sheet 1 of 4)
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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-21. Test Set Subassembly MX-8639A/APS-94D, Unit 2 interconnection diagram (sheet 2 of 4)
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Figure FO-21. Test Set Subassembly MX-8639A/APS-94D, Unit 2 interconnection diagram (sheet 3 of 4)



Figure FO-22. Yoke simulator, 2A1, schematic diagram



Figure FO-21. Test Set Subassembly MX-8639A/APS-94D, Unit 2 interconnection diagram
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Figure FO-22. Yoke simulator, 2A1, schematic diagram
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Figure FO-23. Direct current amplifiers, 2A2/2A3, schematic diagram
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Figure FO-24. Sweep generator, 2A4, schematic diagram (sheet 1 of 2)
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Figure FO-24. Sweep generator, 2A4, schematic diagram (sheet 2 of 2)
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Figure FO-25,. servoamplifer, 2A5, schematic diagram (sheet 1 of 2).
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Figure FO-25. Servoamplifer, 2A5 schematic diagram (sheet 2 of 2)
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Figure FO-26. Offset  amplifier 2A6 schematic diagram
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