
CHAPTER 2

AN/FPS-n Test Equipment and Troubleshooting

TROUBLESHOOTING isolates a circuit
defect in a weather radar set. Test equipment,
properly used, analyzes the performance of
the radar set. When you combine
troubleshooting with test-equipment analysis
of the radar, the result is the detection of
defective components.

2. A practical knowledge of the test
equipment to use on the ANjFPS-77 and the
troubleshooting routines to follow are
important to the local mission. When the set
malfunctions and severe weather threatens the
local area, your timely and positive analysis of
the trouble can keep outage time to a
minimum, possibly averting costly damage or
loss of life.

3. The first topic in this chapter outlines
the test equipment you use to perform
maintenance and alignment of the
AN/FPS-77. The discussion of each item
includes a functional description, theory of
operation, and application to the FPS-77. The
next topic gives the procedures and principles
to follow when troubleshooting the FPS-77
by use of the block diagram. Finally, a
discussion concerning individual circuit
troubleshooting and a few of the FPS-77
maintenance problem areas closes the chapter.
Let us begin the first topic by discussing two
pieces of test equipment in common use.

3. Test Equipment and Alignment
3-1. Today, modern meteorological radar

sets are expected to perform more reliably
and accurately than ever before. This requires
from you a more exacting degree of
maintenance using more intricate test
equipment than was required before. You
need to know what a given piece of test gear
does, and when, where, and how to use it.
With this view in mind, two pieces of test
equipment are discussed:

• Calorimetric power meter 434A.
• Sweep generator LD-5M.

3-2. Model 434A Calorimetric Power
Meter. The efficiency and maximum range
capability of a radar set depends, largely, on
the amount of power output of the
transmitter. The 434A checks this power level
on the FPS-77 to insure that it meets the
minimum requirements. vVediscuss first how
the power meter works; then we discuss how
it measures the output power of the FPS-77.

3-3. Functional description. The model
434A is designed to automatically measure
average power levels applied to its input
connector in a range from 10 rnilliwatts to 10
watts full scale at any frequency between DC
and 12.4 GHz. The set has an accuracy of ± 5
percent and a response time of 5 seconds. It
uses either 115-VAC or 230-VAC power
input. Warmup time is approximately 45
minutes and the set has its own internal
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Figure 18. Model 434A head box block diagram.
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calibrate circuit. Power input to be measured
should not exceed 10 watts average power or
1 kilowatt peak power.

3-4. Theory of operation. Figure 18 shows
a basic block diagram of the 434A. An oil
pump provides a continuous stream of oil past
two load resistors and two thermistors that
form two legs of a bridge circuit. This bridge
circuit has an AC signal applied to it, and an
unbalance of the thermistor resistance causes
an AC signal to be applied to an amplifier.
The amplifier's output balances the bridge,
causing the meter to read according to the
amount of input power that initially
unbalanced the bridge.

3-5. The input power is applied to a
50-ohm input load resistor to heat the resistor
and the oil flowing past it. The oil heats the
input temperature thermistor and changes its
resistance, thus unbalancing the bridge circuit.
An oscillator applies approximately 1300-Hz
AC to the bridge. This AC frequency is
obtained any time the bridge is unbalanced.
This signal is then applied to an AC amplifier
and converted to a DC voltage before being
applied to the meter. This DC also goes to a
comparison load resistor to heat it, the oil
flowing past it, and a second comparison
temperature thermistor (gage). As the
comparison gage heats and changes resistance,
the bridge approaches a balanced condition.

3-6. As long as power is applied to the
input load resistor, there must be power
applied to the comparison load resistor to
maintain a near-balance of the bridge. For this
reason, the bridge never becomes exactly
balanced when power is being measured. If it
were balanced, there would be no signal
applied to the amplifier and no output to
keep the comparison load resistor warm. A
greater input power requires more feedback
voltage from the amplifier. The meter
monitors this feedback voltage. The meter is
calibrated to read power input directly. If the
measured power decreases slightly, less signal
is obtained from the bridge. This allows the
comparison gage to cool down to a new value,
requiring less power from the amplifier
output. The meter now indicates this new
(lower) amplifier output, and the comparison
gage stays at its new (lower) temperature. It
takes 5 seconds for the 434A to respond to a
change in input power level.

3-7. The amplifier amplifies AC signals
from the bridge and changes the AC to a DC
voltage. It also produces an output to the
comparison load resistor only when the input
load resistor is the hotter of the two. If this
feature were not included, a large reduction
of input power would cause the temperature
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Figure 19. Model 434A oil flow diagram.

of the input gage to drop, unbalancing the
bridge and producing a large output to the
comparison side of the bridge. Instead of
cooling, the comparison gage would continue
to heat and actually increase the meter
reading. The increased heat would further
unbalance the bridge, and the cycle would
continue until the meter finally pegs. The
amplifier detects which way the bridge is
unbalanced and automatically disconnects the
power to the comparison load resistor if it
becomes hotter than the input load resistor.
When the comparison load resistor becomes
cooler than the input load, there is an output
from the amplifier again and the circuit
resumes normal operation.

3-8. A more detailed oil flow diagram is
shown in figure 19. The oil pump draws a
supply of special silicone oil from a reservoir
through an oil filter. Since the pump is
capable of delivering more oil than is needed,
a bypass valve automatically returns the
excess oil to the reservoir and regulates the oil
flow to the measuring circuits. (The oil flow
can be monitored by a front panel flow
indicator.) After passing through a heat
exchanger, the oil goes to the comparison
head, which contains the comparison load
resistor and gage. The oil leaving the
comparison head is cooled by a finned
radiator and fan prior to a second pass
through the heat exchanger. After leaving the
heat exchanger, the oil is sent to the input
head, which contains the input load resistor
and gage, and is returned to the reservoir
through another radiator. The heat exchanger
insures that the oil streams entering both
heads are the same temperature and
minimizes random temperature variations
within the streams themselves. This function
assures a stable, drift-free meter reading.

3-9. Operation and use with the
AN/FPS-77. As explained in Chapter 1, the
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FPS-77 has built-in circuitry that measures
and indicates the transmitter output power
and the standing wave ratio (SWR) existing in
the output waveguide circuitry. One of your
daily performance routines for the FPS-77
listed in TO 31M6-2FPS77-6\~ C-1 involves
reading the output power and SWR to insure
proper transmitter operation. However, these
power-measuring circuits must be calibrated
to indicate the actual power levels that exist.
The 434A measures these power levels.

3-10. TO 31M6-2FPS77-9 outlines the
procedure for using the 434A to check
transmitter output power and calibrate the
built-in power meter circuit. This alignment
routine is performed at set installation,
following any maintenance done on the
power meter circuitry, or any time erroneous
power readings are suspected. Since the
alignment routine is the only instance for
using the 434A, a brief discussion follows. A
complete alignment discussion is beyond the
scope of this course.

3-11. To accomplish this calibration and
alignment, depressurize the waveguide and

disconnect the waveguide at the input flange
of the RTM. In its place, install a directional
coupler and dummy load assembly as listed in
the -9 manual. The directional coupler
reduces the outpower power of the FPS-77 by
a specified amount that is printed on the
coupler. The coupler comes equipped with a
cable to connect the output of the coupler to
the input of the 434A. The reduction figure
on the coupler includes the cable losses.

3-12. After completing the mechanicai
preparation, turn on the FPS-77 and raise
magnetron current to 15.5 ma. Allow the set

. 2 hours to stabalize before measuring the
power. During this time, turn on the 434A
and calibrate it. Figure 20 shows the front
panel controls and indicators of the 434A.
Using figure 20, you calibrate the 434A as
follows:

Step 1. Check the OIL LEVEL (H).
Step 2. Set the LINE POWER switch (G)

to ON.
Step 3. Check the OIL FLOW rate (I).
Step 4. Rotate the RANGE switch (F) to

.10 watts.
Step 5. Adjust the meter (A) to zero with
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ZERO SET controls (B). It may be necessary
to readjust the meter because approximately
45 minutes is required for it to stabilize.

Step 6. Connect a cable from the
CALIBRATE OUTPUT (D) to the 434A
INPUT (C).

Step 7. Set the ADJUST TO .1 WATT F.S.
control (E) so that the meter reads .1.

Step 8. Select the desired range (F).
Step 9. Apply power. If the power is

interrupted, the meter indicator will drop
below zero for nearly 5 seconds and then
return to zero.

Once the FPS-77 stabilizes and the 434A is
calibrated, connect the cable between the
coupler and the 434A, and read the power on
the 434A meter. You then compute the
actual power output of the FPS-77 by using
the reduction value printed on the coupler.
The power-measuring circuitry is adjusted to
give this reading on the RTM power meter.

3-13. LD-5M Sweep Generator. The
operation of this set was covered in the
discussion of test equipment for the TPQ-ll
in Volume 4. However, there are differences
in operation when it is used on the FPS-77.
The major one is that you set the sweep
generator to 30 MHz when you perform the
alignment routines.

3-14. Your guide for the alignment
procedures is TO 31M6-2FPS77-9.
Performance tests made by using the LD-5M
are discussed in TO 31M6-2FPS77-2.

4. Troubleshooting
4-1. One of your primary duties as a

5-level weather equipment repairman is
troubleshooting and repairing meteorological
equipment. The method of locating and
repairing the defective part varies with the
circumstances in which the trouble is
discovered. Your troubleshooting methods
depend upon whether the malfunction is
reported by the operator, disclosed during
performance of routines, or assigned for
repair by the supervisor.

4-2. For example, a malfunction assigned
for correction by your supervisor may involve
only removal and replacement of a defective
component requiring soldering, splicing, etc.
The repair of a malfunction encountered.
while performing a routine requires localizing
the defective component in the
malfunctioning unit as well as the actual
repair. The repair of an operator-reported
malfunction requires collecting symptoms
from the entire radar set, analyzing the
symptoms to isolate the defective unit,

localizing the defective component in the
unit, and the actual repair. The following
paragraphs explain the troubleshooting
procedures applicable to the AN/FPS-77 and
maintenance problems previously
encountered by repairmen in the installation
and maintenance of the set.

4-3. Block Diagram Troubleshooting. The
block diagram is one of the primary tools you
have to isolate the equipment malfunction
within a defective circuit. A working
knowledge of the block diagram as a
troubleshooting tool raises your effectiveness
as a repairman. During the following
discussion, refer to the turn-on/off procedures
and normal indications contained in table 1 of
Chapter 1, the block diagram in foldout 1,
and the circuit diagrams in the other foldouts.

4-4. Analysis of visual indications. The
first step in troubleshooting the AN/FPS-77 is
to analyze the visual indications obtained
during turn-on procedures, as outlined in
table 1. By remembering the FPS-77
characteristics outlined in previous chapters,
you can often localize the trouble to an area
or even to a block by visual indications.
Thorough analysis of visual indications
involves logical thinking to guide you in each
subsequent step of the analysis.

4-5. Let us now examine some visual
indications and the methods used to localize
the defect. When you perform steps 1 through
8 under turn-on procedures in table 1, insure
that each indicator lamp lights when its
respective switch is placed in the ON position
and that the power supply voltages match
those outlined in step 5. If one of the power
indicator lamps does not light, use the AC
diagram to further analyze the problem. This
type of problem is discussed later in this
chapter. If the power supply voltages are
incorrect, you need to use the power supply
schematic diagrams to further analyze the
problem. Likewise, in items 8 and 9, when the
transmitter ready lamp or the radiate lamp
does not light, make further analysis using the
AC diagram.

4-6. While performing item 10, if the
transmitter average current meter does not
give an indication, then check for a sweep
presentation on the A/R scope. This check
proves that the reference signal generator is
providing a trigger pulse. Recalling the
transmitter block and circuit analysis, you
know that a trigger originating in the
reference signal generator must fire the
thyratron, which in turn fires the magnetron
and results in a reading on the transmitter
current meter. If a normal sweep shows on
the A/R scope, you may assume that blocks
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7A5AI VI, V2, and V3 in foldout I provide
an output trigger to the delay phantastron
7A5A2V2. Now try raising the transmitter
current in the RTM unit, as outlined in steps
43 . through 46 in the turn-on procedures
table. This checks the transmitter remote
control circuits. Assuming there is still. no
transmitter current, check for a normal sweep
presentation on the performance monitor
scope. If this check is good, it would indicate
the following:

a. Blocks 7A5A2V2, 7A5A2V3B, and
7A5A2V5 are applying a trigger pulse to
3Al V2A. (See block diagram in FO 1.)

b. Blocks 3A1 V2A and 3Al V3 are
applying a trigger to 3A1A2V2 and 3Al V2B,
a condition necessary to obtain a sweep on
the performance monitor.

c. The RTM power supply is operating
normally (also a requirement for performance
monitor operation).

4-7. Further analysis of the block diagram
shows that you have localized the trouble to
an area of five blocks, which are:

3AIOV2.
e 3AI0Z1.
8 Modulator high-voltage power supply.
e 3AI0T5.
e 3AI03V1.

Note that the remaining blocks in the
transmitter could not cause the problem of
"no transmitter current." From this point, no
visual checks can be made to further isolate
the actual defect. Test instruments are needed
to pinpoint the defect. A discussion of this
procedure is covered later in this chapter.

4-8. When performing steps 12 and 13 in
the turn-on procedure, you check the AFC
mixer block and the balanced mixer block. If
the SIGNAL crystal current reading is
incorrect, it indicates a defect in the balanced
mixer block. An incorrect AFC crystal
current reading indicates that the AFC mixer
block is defective. If both SIGNAL and AFC
crystal current readings prove incorrect, either
the klystron 3A2A2V1 or phantastron DC
amplifier 3A 7V 4 is defective. The klystron
may be faulty since its output signal is applied
to both mixer blocks to obtain crystal current
on the meters. Although a defective
phantastron would not always give a
symptom of no crystal current, it remains a
possibility because its output enables
3A2A2Vl. The usual indication of a defective
3A 7V 4 would be "no searching" as normally
indicated by crystal current meter flicker or
scanning when the transmitter is turned off.
This condition would be described as "no

AFC lock-in," and "no AFC search." 3A 7Vl
and V2 AFC IF amp blocks and
3 A 7 CR l-CR2 Weiss ratio detector
(discriminator) block also give a symptom of
"no AFC lock-in," but search would be
normal.

4-9. Assuming that steps 1 through 13 of
the turn-on procedure appeared normal,
check for an AIR scope sweep as outlined in
step 14. If no sweep appears on the AIR
scope, look for a dot on the CRT. If a dot is
present, you can make the following
deductions:

a. 7A5A2V 4 blocking oscillator is applying
a trigger to the AIR scope.

b. The high-voltage CRT power supply in
the .A.iR scope is good. Without high voltage,
there would be no presentation on the CRT.

c. An unblanking pulse is being applied to
the CRT from 7A2A3V3A. The absence of
the un blanking pulse would also cause a
symptom of "no presentation" on the AIR
scope CRT.

4-10. If while performing step 14 you
found no dot present, it would have been
necessary to turn the AIR scope power
ON 10FF switch off and back on while
observing the CRT. If the CRT displays a
flash when the switch is moved, you can
assume that both the high-voltage power
supply and the CRT are good. Next, check for
a sweep on the RBI scope. If the RBI scope is
also blank, there is a defect in 7A5A2Vl,
7A5A2V3A, or 7A5A2V 4. Continuing with
our problem of "no sweep with a dot
present," you can narrow the defective blocks
to the 7A2A3V 4A sweep generator or the
7A2A3V 4B, V5A paraphase amplifier. From
this point, no further localizing can be made
using visual indications. Step 14 checks for a
range strobe. If you observe a normal sweep
and no range strobe, check for an R-scan
sweep. You make this check because the same
pulse that provides the range strobe triggers
the sweep in the R-scan position of the AIR
scope RANGE SELECTOR switch. If you
obtain an R-scan sweep, the only defective
block would be 7A2A2V6B. On the other
hand, if you do not have an R-scan sweep,
assume that 7A2A2V6B is good and one of
the stages-7 A2A2V1A, 7 A2A2V2,
7A2A2V3, 7A2A2-CR3-CR4, 7A2A2V 4,

.7 A2A25A, or 7A2A2V-5B-V6A-is defective.
At this point, once again, you have to rely on
test instruments to further isolate the
problem. You should realize at this point that
if the trigger output from 7A5Al V3 were not
present, you would have no sweep or dot on
the AIR scope, along with symptoms of "no
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transmitter current," "no sweep on the RBI
scope," and "no sweep on the PPI
indicators. "

4-11. Assuming now that you have no
sweep on the AIR scope and no dot, with
items 1 to 13 of the turn-on procedure
showing normal, check for a flash as described
in the preceding paragraph. If you see a flash,
check for an R-scan sweep. If the R-scan
sweep is good, you can isolate the defective
block to either 7A2A3V2 or 7A2A3V1A.
With no R-scan sweeps (RHI sweep good),
assume that 7A2A3V3A cathode follower is
defective.

4-12. While checking the AIR scope for a
proper sweep, also check for receiver noise,
video, range marks, strobe positioning, and a
proper TEST sweep. These checks are also
outlined in table 1. From the block diagram,
you should make the following deductions.
Assume that you have good video on the RHI
scope and no video or range marks on the
AIR scope. The range mark and video signals
are mixed in 7A2A1 VI and are a combined
signal in video amplifier blocks 7A2A1 VI,
V2, V3, and V4. Therefore, a symptom of
"no video and no range marks" points the
trouble to one of these four blocks. If you
have video but no range marks, the trouble is
in one of the range mark generator blocks
7A5A3Vl, V2, 7A5A3CR2, 7A5A3V3, or
V4. Also note that if no receiver noise (grass)
presentation appears on the AIR scope and
the RHI scope, the trouble must be located
prior to the video amplifier stages in the AIR
scope. It now becomes necessary to check the
noise meter reading outlined in items 39 and
40 of the turn-on procedures. A proper noise
meter reading points to 7A3A2V2, V3A, or
V4 as defective. If no reading appears on the
noise meter, assume .the trouble to be located
in the IF postamplifier or IF preamplifier.
The grass you see on the console indicators
comes mainly from the balanced signal mixer
stage. With this stage defective, you may still
see some noise presentation on the console
indicators due to the IF preamplifier and IF
postamplifier, but this noise is extremely
reduced in amplitude. If you have no range
strobe movement, test instruments are needed
to troubleshoot the strobe positioning
circuits.

4-13. Isolation to individual blocks. In the
preceding paragraphs, you found that many
times a defect cannot be localized to a single
block by using only visual indications. This is
why you use test equipment to isolate the
defect to one single stage. Remember that in
paragraph 4-7 you isolated a transmitter
trouble to one of five stages. These were:

3AlOV2, 3A10Z1, Modulator high-voltage
power supply, 3AlOT5, and 3A103V1.

4-14. You examine these five blocks in the
block diagram to decide the most logical place
to check first. By examination, you find
extremely high-voltage circuits in this area.
Expose yourself to this high voltage only
when absolutely necessary, and take all
precautionary measures. Since the thyratron
fires at 324 pps, thus firing the magnetron at
this same frequency, stand near the RTM and
listen for this audible signal. If you hear the
signal, it indicates that 3A10V2, 3AlOZl, and
the modulator high-voltage power supply are
good, narrowing the trouble to either 3A10T5
or 3A103Vl. Then check for a pulse from
3A10T5 to determine which of these two
stages is defective.

4-15. It is possible by visual indications to
isolate a trouble to the video amplifier stages
consisting of 7A3Al VI, V2, V3, and V4. The
symptoms isolating the defect to this area
would be:

• ISO ECHO inoperative.
• No reading on the noise meter.
• Normal video and grass on the

indicators.

-;

Having placed the trouble in this area, check
the output of a stage near the center of the
area, thus narrowing the trouble to either half
of the stages. Check the output signal from
7A3A1 V2 with an oscilloscope. If no signal
appears, either 7A3Al VI or 7A3A1 V2 has
the defect. A normal signal output indicates
that either 7A3Al V3 or 7A3A1 V4 is
defective. Assuming now that either
7A3Al V3 or 7A3A1 V4 is the defective area,
check the signal output from 7A3Al V3. In
this way you narrow the trouble to a single
stage.

4-16. You realize, of course, that the
preceding paragraphs have not given you
every symptom each block would cause if it
were defective, nor have they given the
defective block for each possible set
of symptoms. However, from the
troubleshooting illustrations given, you can
approach any trouble area in the AN IFPS-77
through your knowledge of block and circuit
analysis to a logical end. The following
paragraphs explain the procedure used to
troubleshoot a circuit once the defect has
been isolated to a single stage.

4-17. Individual Circuit Troubleshooting.
After isolating a defect to a single block, you
next apply proper circuit troubleshooting
techniques to locate the defective component.
While surveying this aspect of
troubleshooting, keep in mind the similarity
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between electronic circuits. An amplifier
circuit in the ANfTMQ-ll might possess some
noticeable differences from the radar
amplifier circuit, but the basic principles
apply to both. Likewise, there are marked
similarities in amplifier and oscillator circuits,
and also in amplifier and multivibrator
circuits. The oscillator circuit only amounts
to an amplifier with a frequency-determining
device and regenerative feedback, while the
multi vibrator is two amplifier stages biased so
that one stage controls the output from the
other stage. With these similarities, it is
unnecessary to study troubleshooting
techniques of each separate circuit. Our next
discussion contains general procedures of
circuit troubleshooting and specific circuit
checks.

4-18. To begin the circuit troubleshooting,
assume that you have isolated a trouble to
drivel' V3 on foldout 32. Suppose the signal
measured at TP4 is normal, but no signal is
measured at pin 2 of V4. Using the
oscilloscope, check pin 2 of V3 for a signal
input to the stage. This check tells you
whether or not capacitor C5 is coupling the
signal from the plate of V2 to the grid of V3.
If you do not measure a signal on pin 2 of V3,
check C5 with a capacitor tester or replace it.
Assuming that the signal input to pin 2 of V3
is normal, one of the following components
must be defective:

G V3.
o R9.
3 R11.
4!1 R10.
s R17.
f) RIB.
e C6.

4-19. Having traced the defect to this area,
first replace V3. Because defective tubes are
common and their replacement relatively
simple, replace the tube before obtaining
voltage and resistance measurements. If tube
replacement does not correct the defect, you
then determine whether the tube is
conducting by measuring the plate voltage. If
you measure zero volts on the plate, resistor
R9 must be open. Prove this by removing it
from the circuit and measuring its resistance
with a PSM-6. If the plate voltage measures
the B+ value (150 volts in this instance), R9 is
good, but the tube is not conducting. At this
point, three circuits could possibly cause this
trouble: the control grid circuit, the screen
grid circuit, 01' the cathode circuit.

4-20. If while checking the voltage on the
screen grid, you measure zero or a very low
voltage instead of 116 volts as indicated on

the foldout, either Rll or C6 is defective."
Next turn .the power off and check the.
resistance between the screen grid pin 8 and.
around. An indicated short or near short.
means that C6 is defective and should be
replaced. A reading of approximately 25K
ohms indicates that R11 is defective and
should be replaced. If the screen grid circuit is
good, check the cathode circuit. The c~thod~-1
voltage s~ows,!:pproxirn<!.~-ely50 volts whenro
RTOiS 02en ancf approxLrnateIy 's 'VOm,--....\1ien I(

KID- -15- good. The last possibility of trouble
exists in the control grid circuit. Note that the
voltage divider network, consisting of R17
and RI8 and ties between -150 volts and
ground, produces a fixed bias potential at the
junction of the resistors. This potential of
approximately - 2.9 volts is applied to the grid
pin 2 of V3. If R17 became open, the voltage
on the control grid would increase to -150 V,
causing the tube to stop conducting.
Although very uncommon, a resistor may also
decrease in value or become shorted. Note
that in the V3 amplifier stage, if RlB shorted,
you would obtain the same voltage readings as
when R17 was open.

4-21. As you troubleshoot, bear in mind
that components do not always become
completely open or shorted, and tubes may
weaken before they completely fail. For
example, if R17 increased in value to 1.8
megohms, the control grid of V3 would
increase to slightly over -140 volts, causing
tube conduction to stop as if R17 were open.
If C5 became leaky, a portion of the positive
voltage on the plate of V2 would be felt on
the control grid of V3. This would cause V3
to saturate, and the positive signal voltage
applied to the control grid would have no
effect on the conduction of the tube. When
this happens, the plate voltage would be lower
than normal, and the cathode voltage would
be higher than normal.

4-22. Circuit troubleshooting in
multivibrators, oscillators, and cathode
followers, although not identical, has basic
similarities to troubleshooting the amplifier
stage. In any of these circuits, measure the
voltage at the primary test points (plate,
screen grid, etc.) until you find an incorrect
reading. Then, through your knowledge of
basic electronic fundamentals, list the
components probably causing the incorrect
readings. Finally, by testing and narrowing
your list of probable components, determine
the specific defect. It is important while
troubleshooting to have a reason for each
check, to recognize normal indications, and to
respond correctly to checks indicating
trouble. Good logic enables you to isolate
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most circuit defects and greatly decrease
troubleshooting time. While troubleshooting
circuits other than tube stages, such as the AC
power distribution schematics in foldouts 2,
3, and 4, you must logically determine each
successive test point to isolate a defect. For
instance on foldout 3-1, if 3AllDS3
transmitter ready lamp did not light after 5
minutes, the first component you should
suspect is the 5-minute time delay relay,
3AllKTDl. From examination of the circuit,
the first logical check would be at pin 5 of
3AllKTD1 to see whether voltage is applied
to it. If there is no voltage applied to pin 5, it
would be necessary to check the components
in the line supplying the voltage to pin 5, and
further checks of 3AllKTD1 would be
unnecessary.

4-23. The application of basic electronic
principles coupled with good logic enables
you to troubleshoot even complex systems
such as the AN/FPS-77 radar set. The
AN/FPS-77 radar set, like all electronic
equipment, has common troubles peculiar to
its system. The following discussion is
included to point out some of these problems.

4-24. AN/FPS·77 Maintenance Problem
Areas. Problems have arisen in certain
portions of the set on a continuing basis.
Although corrective steps have been taken in
some cases, other troubles still remain.
Awareness of these defects may aid you in the
maintenance and repair of the AN/FPS-77
radar set. These pro blems could be found
with normal troubleshooting procedures, but
a beforehand knowledge of them should
greatly reduce troubleshooting time. In the
following paragraphs, these common troubles
and their effects are discussed.

4-25. One of the most expensive failures in
the AN/FPS-77 has been the main PPI CRT.
This dark trace CRT is relatively new to the
electronic field. Experience shows that after
many successive erasings, the phosphorous
plate, internally located behind the face of
the CRT, buckles or pulls away from the face
of the CRT. This problem can be minimized
by insuring a 3-minute time delay between
erasings, A second problem is damage caused
by high intensity writing. The tube is designed
to produce a very light presentation for any
single rotation of the sweep. Successive
sweeps increase the intensity of the
presentation to an easily readable level. Take
extreme care in setting the internal and
external intensity controls to their proper
levels.

4-26. Another common, costly trouble is
in the indicator high-voltage· power supplies.
These supplies are oil-filled, sealed units

containing a step-up transformer, diode
rectifier, and filter capacitors. If an insulation
breakdown occurs in the transformer or if the
diode or capacitor shorts, the supply draws
excessive current, blowing the fuse in its
respective indicator input power circuit. The
only repair method is replacement of the
entire power supply unit. Another common
power supply problem exists with shorted
SCRs in the line voltage regulator. If either
SCR1 or SCR2 shorts from cathode to anode,
the output voltage increases, causing the main
circuit breakers to open. Replacement SCRs
may be obtained through normal supply
channels. A third recurring power supply
trouble is the failure of Ql in the peak voltage
regulator shown on foldout 7. If Q1 shorts,
the output voltage increases. This output
increase causes K1 to energize and blow fuse
Fl. Q1 replacement transistors can be
obtained through normal supply channels.

4-27. In the AN/FPS-77, as in other radar
sets, signal and AFC crystal failure is a
common problem. Defective crystals give
symptoms of "no target presentation" on the
indicators and "no crystal current" on the
crystal current meters. Most crystal failures
result from improper crystal installation and
defective TR tubes. In the AN/FPS-77,
crystals installed backwards become damaged.
Likewise, crystal damage occurs when a TR
tube is defective or fails to fire and allows the
transmitter pulse to enter the crystal
assemblies, causing excessive crystal current.
Crystals are readily accessible through normal
supply channels, and several should be kept
on hand.

4-28. The clutch assembly located behind
the elevation positioning handwheel also has
caused maintenance problems. The stops on
the clutch disks become worn with continued
use. Also, applying pressure after the
handwheel has reached its limit of travel
causes excessive wear on the clutch disks.
Worn clutch disks cause slippage of the
elevation angle counter, resulting in erroneous
readings on the counter. Replacement clutch
disks can be obtained. The strobe positioning
potentiometer located behind the strobe
hand wheel on the A/R scope also has a record
of failures. The potentiometer becomes open
and causes symptoms of "no strobe" and "no
sweep" on the A/R scope in the R-SCAN
position of the. RANGE SELECTOR switch.
To correct the trouble requires replacement
of the potentiometer.

4-29. The last trouble to be discussed is
caused by Z2, the AC line filter located in the
RTM unit. This unit is shown on foldout 17.
The filter is a sealed unit containing
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capacitors and inductors with beeswax
insulation. The trouble occurs in section C of
the filter. Note on foldout 17 that the
capacitors in section C of Z2 are connected
between the cold side of the AC line and the
protective case of Z2, which is grounded. If
one of these capacitors becomes leaky, it
causes the LOWER 'winding of the variac drive
motor to be energized at all times. This does
not allow the variac to remain in a RAISED

condition, thus disabling the transmitter.
4-30. Right now you may not be assigned

to a detachment that has a radar set.
However, there remains a better than average
chance that you will be assigned to one
sometime during your military service. In the
interest of your safety, never work on a radar
set by yourself. Always work in pairs. Now
turn to your workbook and answer the
chapter review exercise items for this chapter.
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