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WARNING

Be careful not to contact the 115-volt ac line connections when
using this equipment. Serious injury or death may result.

DON'T TAKE CHANCES!
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SAFETY STEPS TO FOLLOW IF SOMEONE
IS THE VICTIM OF ELECTRICAL SHOCK

DO NOT TRY TO PULL OR GRAB THE INDIVIDUAL
IF POSSIBLE, TURN OFF THE ELECTRICAL POWER

IF YOU CANNOT TURN OFF THE ELECTRICAL
POWER, PULL, PUSH, OR LIFT THE PERSON TO
SAFETY USING A DRY WOODEN POLE OR A DRY
ROPE OR SOME OTHER INSULATING MATERIAL

SEND FOR HELP AS SOON AS POSSIBLE

AFTER THE INJURED PERSON IS FREE OF
CONTACT WITH THE SOURCE OF ELECTRICAL
SHOCK, MOVE THE PERSON A SHORT DISTANCE
AWAY AND IMMEDIATELY START ARTIFICIAL
RESUSCITATION
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WARNINGS

TD-202 and TD-203/U weigh 50 pounds. Be careful when moving. Two person lift required.

Prevent injury when applying or removing steel strapping by wearing heavy gloves and a face shield or goggles
(NSN 4240-00-542-2048). Do not handle packing cartons by the steel strapping.

Compressed air shall not be used for cleaning purposes except where reduced to less than 29 pounds per
square inch (psi) and then only with effective chip guarding and personnel protective equipment. Do not use
compressed air to dry parts when TRICHLOROTRIFLUOROETHANE has been used. Compressed air is
dangerous and can cause serious bodily harm if protective means or methods are not observed to prevent chip
or particle (of whatever size) from being blown into the eyes or unbroken skin of the operator or other
personnel.

Adequate ventilation should be provided while using TRICHLOROTRIFLUOROETHANE. Prolonged breathing
of vapor should be avoided. The solvent should not be used near heat or open flame; the products of
decomposition are toxic and irritating. Since TRICHLOROTRIFLUOROETHANE dissolves natural oils,
prolonged contact with skin should be avoided. When necessary, use gloves which the solvent cannot
penetrate. If the solvent is taken internally, consult a physician immediately.

Change 3 B



TM 11-5805-367-35/1

TECHNICAL MANUAL HEADQU ARTERS
DEPARTMENT OF THE ARMY
No. 11-5805-367-35/1 WASHINGTON, D. C. 24 January 1967

DS, GS, AND DEPOT MAINTENANCE MANUAL
MULTIPLEXERS TD 202/U (NSN 5805-00-884-2176)
AND TD-203/U (NSN 5805-00-884-2177)
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CHAPTER 1
INTRODUCTION

1-1. Scope

This manual covers direct support (DS), general support (GS), and depot maintenance for Multiplexer TD-
202/U and Multiplexer TD-203/U. It includes troubleshooting, testing aligning, and repairing the equipment;
replacing maintenance parts. It also lists material and test equipment required for DS and GS maintenance.
Detailed functioning of the equipment is covered in chapter 2. Refer to TM 11-5805-367-12 for applicable
forms and records.

1-2. Consolidated Index of Army Publications and Blank Forms

Refer to the latest issue of DA Pam 310-1 to determine whether there are new editions, changes or additional
publications pertaining to the equipment.

1-3. Maintenance Forms, Records and Reports

a. Reports of Maintenance and Unsatisfactory Equipment. Department of the Army forms and procedures

used for equipment maintenance will be those prescribed by DA Pam 738-750 as contained in Army
Maintenance Management Update.
b. Report of Packaging and Handling Deficiencies. Fill out and forward SF 364 (Report of Discrepancy (ROD))
as prescribed in AR 73511-2/DLAR 4140.55/NAVMATINST 4355.73B/ AFR 400-54/MCO 4430.3H.
c. Discrepancy in Shipment Report (DISREP) (SF 361). Fill out and forward Discrepancy in Shipment Report
(DISREP) (SF 361) as prescribed in AR 55-38/NAVSUPINST 4610.33C/AFR 75-18/MCO P4610.19D/DLAR
4500.15.
1-4. Reporting Equipment Improvement Recommendations (EIR)
If your equipment needs improvement, let us know. Send us an EIR. You, the user, are the only one who can
tell us what you don't like about the design. Put it on an SF 368 (Quality Deficiency Report). Mail it to:
Commander, US Army Communications-Electronics Command and Fort Monmouth, ATTN: AMSEL-PA-MA-D,
Fort Monmouth, New Jersey 07703-5000. We'll send you a reply.
1-5. Administrative Storage
administrative storage of equipment issued to and used by Army activities will have preventive maintenance
performed in accordance Title the PMCS charts before storing. When removing the equipment from
administrative storage the PMCS should be performed to assure operational readiness. Disassembly and
repacking of equipment for shipment or limited storage are covered in TM 740-90-1.
1-6. Destruction of Army Electronics Materiel
Destruction of Army electronics materiel to prevent enemy use shall be in accordance with TM 750-244-2.
1-7. Differences Between Models/Silicon Versions
This paragraph contains information covering redesigned multiplexer subassemblies used in the TD-202/U and
TD-203/U Multiplexers. These redesigned subassemblies use silicon semiconductors in lieu of germanium
devices. Subassemblies equipped with silicon semiconductors are identified by the suffix letter "A". For
example, 5A5A denotes a silicon version and 5A5 denotes a germanium version of the same multiplexer
subassembly. It is possible, that multiplexers in the field might be equipped with a combination of germanium
and silicon subassemblies. The germanium subassemblies and the silicon subassemblies can be used
interchangeably. The following subassemblies contain silicon subassemblies.

Panels 5A2A through 5A8A ..........ceeiiiiiiiiiiiinnnn. Multiplexer TD-202/U

Panels 4A7A and 4A8A ..., Multiplexer TD-203/U

Note

Unless otherwise noted in this manual, data relating to the subassemblies containing germanium
semiconductors apply to the subassemblies containing the silicon semiconductors.

Silicon subassemblies are considered to be nonrepairable items and should be returned to depot for final
disposition.
Change 3 1-1/(1-2 blank)
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CHAPTER 2
FUNCTIONING
Section I. BLOCK DIAGRAM ANALYSIS

Note. This manual describes Muitiplexers TD-202/U and TD-203/U. Because the function of the multiplexers is similar, differing mainly
in the channel capacity, the manual serves the dual purpose of describing both multiplexers. When functions or descriptions apply to both the
TD-202/U and the TD-203/U, only the TD-203/U is described, and a parenthetical reference is made to the TD-202/U. For example: TD-203/U
(TD-202/U); 96- (24-) channel; 48 (12-) channel.

2-1. General

Multiplexer TD202/U (12 or 24 channels) or Multiplexer TD-203/U (48 or 96 channels) functions as a
combiner in a radio-terminal or radio repeater facility. Familiarity with the equipment, how it works, and why it
works that way are valuable tools for troubleshooting the equipment rapidly and effectively

a. 48- (12-) Channel Operation. For transmission, a binary pulse-train signal with an associated timing
signal is combined to form a radio baseband signal. For reception, the baseband signal is regenerated to form
a binary pulse train with an associated timing signal.

b. 96- (24-) Channel Operation. Interleaved (1), separated (S), or repeater (R) optional modes may be
selected by the TRAFFIC SEL switch; the switch position is determined by the application requirement (TM 11-
5805-367-12). Two binary pulse-train signals, with one associated timing signal, are combined into a radio
baseband signal for transmission. The received radio baseband signal is converted into two binary pulse train
signals, each with an associated timing signal.

2-2. T-202/U Transmit Circuit

a. 12- Channel Operation. The binary pulse-train signal (PCM IN-1) is applied to the sampler 1 and the
detector inhibitor. The signal applied to the detector inhibitor prevents the operation of the gate, when no signal
is present. With an input signal present, the detector inhibitor activates the gate. The timing input signal is
applied through the delay circuits to insure that the timing pulse transitions do not occur in coincidence with the
transitions of the pulses in the binary pulse-train signal. The binary pulse train is regenerated and reshaped in
the flip-flop, and applied through the radio drivers to the radio (TO RADIO XMTR) as the baseband signal.

b. 24- Channel Operation Two binary pulse-train signals (PCM IN-1 and PCM IN-2) are applied to the
TD-202/U. The PCM IN-1 binary pulse-train signal operates as in a above. The PCM IN-2 binary pulse train
signal is applied to the automatic phase control and the detector inhibitor. The automatic phase control, with
the timing signal, insures that the PCM IN-2 binary pulse-train signal is properly timed for interleaving with the
PCM IN-1 binary pulse train signal. The detector inhibitor, the gate, and the sampler 2 function as in a above.
The two signals are applied to the flip-flop; its output is an interleaved signal consisting of PCM IN-1 and PCM
IN-2, properly timed by the timing signal. The combined signal is applied through the radio drivers to the radio
(TO RADIO XMTR) as the baseband signal.

2-2.1. TD-203/U Transmit Circuit

a. 48-Channel Operation. The binary pulse train signal (PCM IN-1) is applied to the differential amplifier. The
outputs of this amplifier are applied to output control gates, and the peak detector. With an input signal
present, the peak detector activates the output flip-flop control gates on the signal is not present, the peak
detector inhibits the output flip-flop control gates. The timing input

2-1
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signal (TIM IN-1) is applied to a differential amplifier. The output of this amplifier is applied to the inhibit and
delay gate and a delay circuit. The inhibit and delay gate is not used in 48-channel operation. The timing input
signal is applied through the delay circuit to the output flip-flop control gates to insure that the timing pulse
transitions do not occur in coincidence with the transitions of the pulses in the binary pulse train signal. The
binary pulse train is regenerated in the flip-flop, with the outputs from the flip-flop control gates. The output of
the flip-flop is fed through the radio driver to the radio (TO RADIO XMTR) as the baseband signal.

b. 96-Channel Operation. Two binary pulse train signals (PCM IN-1 and PCM IN-2) are applied to the
TD-203/U. The PCM IN-1 binary pulse train operates as in a above. The PCM IN-2 pulse train is applied to
another differential amplifier. The output of the differential amplifier is applied to the read-in gates and storage,
and the peak detector. The TIM IN-2 signal is applied to the delay circuit and a differential amplifier. The
output of this differential amplifier is fed to a peak detector, a divide-by-6 circuit, and to the read-in gates and
storage. The peak-detected PCM IN-2 and TIM IN-2 trains are applied to a gate. Failure of either train will
produce an output from the gate to the inhibit and delay circuit in the TIM IN-1 line. PCM IN-2 is sequentially
read into the storage elements with the associated timing derived from the divide-by-6 circuit at one-sixth the
bit rate. In this manner, each PCM IN-2 bit is stored for six bits with no loss of pcm information. Each storage
element is read out sequentially at one-sixth the bit rate with the TIM IN-1 train which may have jitter relative to
PCM IN-2. In this manner, the original pcm train is reconstructed and synchronized with the PCM IN-1 timing
(TIM IN-1). The readout timing is derived from the TIM IN-1 signal output from the differential amplifier through
the inhibit and delay gate, through another gate, and the divide-by-6 circuit. Since both pcm trains are now
synchronized, with the same Liming signal, they are easily interleaved into one signal in the output flip-flop
control gates. To avoid occurrence of the read out pulse at read-in time, the read-in and readout pulses for the
first storage element are compared in a gate. The readout pulses derived from readout gate Z8B are compared
with the read-in bracket pulse in gate Z8A. If a coincidence is detected, the flip-flop is set with the output of
gate Z8A. The output of the flip-flop is applied to gate Z5A and inhibits the next timing pulse. This pulse also
resets the flip-flop to enable subsequent timing pulses to pass through the gate. In this manner, one pulse is
deleted from the timing train and ail readout pulses are shifted one bit. This process continues until no
coincidence exists between the read-in and readout pulses. This allows as much as four bits peak-to-peak jitter
between the PCM IN-1 and PCM IN-2 signals with no transmission errors. The interleaved pcm signal is
regenerated in the output flip-flop and passed to the radio driver and output level adjust as the baseband signal.

2-3. Receiving Circuits [(fig. 6-19).

a. 48- (12-) Channel Operation. The composite signal received from the radio (FROM RADIO RCVR is
applied to the video amplifier and clamp where the pcm and orderwire signals are separated. The order wire is
applied through an order-wire detector, where it is processed and applied to the order-wire circuits (ORDER
WIRE). The pcm is applied to the differentiator and slicer, the positive and negative peak detectors, and the
decision circuits. The output of the differentiator and slicer is applied to a 2,304-kc (576-kc) crystal filter that
extracts the timing signal, which is applied to a pulse generator. The TRAFFIC SEL switch divides the pulse
generator output into two branches. One branch is applied through an amplifier to the decision circuits as a
timing signal. The outputs of the positive and negative peak detectors are applied to the decision circuits,
which compare them with the pcm signal. The resulting output is applied to the flip-flop to regenerate the pcm
signal. The regenerated pcm signal is applied to a differential pulse amplifier. The TRAFFIC SEL switch
applies the other branch of the pulse generator output to the inhibitor
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and timing-selection circuit. The output of the inhibitor and timing-selector circuit is the timing out-I signal which
is applied to the differential pulse amplifier. The differential pulse amplifiers sample the pcm train with the
timing signal. The resulting output is applied to flip-flops which regenerate the pcm binary train (PCM OUT-1
and PCM OUT-2).

b. 96- (24-) Channel Operation. Operation in 96- (24-) channels mode is the same as described in a
above except that the timing signal is extracted by the 4,608-kc (1,152-kc) crystal filter. This is applied to the
pulse generator and fed through the TRAFFIC SEL switch to the amplifier, and to the inhibitor and timing
selection. The output of the inhibitor and timing selection consists of two timing signals (TIMING OUT-1 and
TIMING OUT-2) that are applied to two differential pulse amplifiers. The outputs of the two differential pulse
amplifiers are applied to flip-flops whose outputs are PCM OUT-1 and PCM OUT-2. A third amplifier provides
the pcm address signal which is applied to the error-checking circuits. In separate operation, the address signal
in the pcm is compared for error with a local address signal, derived from a countdown driver. With an error,
the error checking circuit develops a skip pulse to synchronize the local address with the incoming pcm signal.
To insure that the correct binary train is selected from the interleaved pair, skip pulses are permitted to escape
the error-checking circuit to the inhibitor and timing selection, where the timing is skipped by one bit to shift the
8-kc output of the countdown divider to the next pulse in the pcm train. The skip pulses are continued until the
local address signal coincides with the address signal in the pcm train. The pcm signals (PCM OUT-1 and
PCM OUT-2) are then separated with correct identification.

2-4. Power and Alarm Circuits

The power and alarm circuits are conventional. Since the function of the power and alarm circuits is
standard, no block diagram analysis is provided. For additional information, refer to paragraphs 2-9
18]

Section Il. MODULE SCHEMATIC ANALYSIS
2-5. General

Timing generator No. 3, panel 4A6/5A6 contains eight set-reset flip-flop modules (module 09), one
complement flip-flop module (module 18), and three pulse-shaper modules (two modules 44 and one module
30) . The circuit analysis of each module is covered in [paragraphs 2-6|[2-7] and 2-8. Unless otherwise
specified, a positive-going pulse is one switching from -4. 5 volts to 0 volt (ground), and a negative-going
pulse is one switching from 0 volt to -4. 5 volts. Some of the TD-203/U circuits employ diode transistor logic
(DTL) integrated circuit modules. Transmit No. 1, panel 4A10, contains nine RS/T flip-flop modules (SE124K),
seven dual high fanout NAND/NOR gate modules (SE113K), and one dual NAND/NOR gate (buffer) module
(SE157K). Transmit No. 2, panel 4A2, contains four SE124K modules, one SE157K module, nine SE113K
modules, and one monostable multivibrator module (SE161K). The function of each module is covered in
[paragraphs 2-8. | 1 through 2-8. 4. Unless otherwise specified, positive logic is assumed with -4 . 5 volts
representing logic 0 and ground representing logic one (1) .

2-6 Flip-Flop Module 09 (fig. 2-1)

a. Function. Flip-flop module 09 is a highspeed, bistable multivibrator, capable of switching states at a
2.3-megacycle (mc) rate. The flip-flop switches states in response to 4.5-volt positive-going trigger pulses
applied to the collector of the cutoff transistor. These pulses are routed to the collector through input triggering
circuits from pins 3 and 9. Outputs are taken from the collector of either transistor and are available through
pins 2 and 10. The output at one of these pins

2-2.1
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Ii{gure 2-1. I;Iip-pop mddhle 09, schérﬁaiic diagram.
is -0.2 volt, while at the other pin, it is -4.3 volts.

b. Circuit Description. Flip-flop module 09 consists of multi-vibrator transistors Q1 and Q2, steering
diodes CR2 and CR5, and trigger-loading diode CR1. The bases of transistors Q1 and Q2 are clamped slightly
positive by diodes CR3 and CR4, respectively. Either set-reset input triggering or complemented input
triggering is used for switching.

2-7. Flip-Flop Module 18

a. Function. Flip-flop module 18 is a bistable multivibrator which uses set-reset or complemented input
triggering. The multivibrator changes stable states in response to pulses varying between 0. 0 and -4.5 volts.
These pulses are applied to the base of either transistor, through external input triggering circuits on pin 5 or 8.
In addition, a -4.5-volt positive-going pulse applied to pin 3 switches the flip-flop when pins 1 and 11 are tied to
pins 2 and 10, respectively. Outputs are taken from either collector and are applied to external circuits through
pins 2 and 10. The output from one of the pins is 0.0 volt, and the output of the other is -4.5 volts.

b. Circuit Description. Flip-flop module 18 consists of multivibrator transistors Q1 and Q2, and a
complemented input triggering circuit con
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Figure 2-2 Flip-Flop module 18, schematic diagram.
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Figure 2-3. Pulse-shaper module 30, schematic diagram.

sisting of two biased steering gates. The input to both steering gates is applied through pin 3. The collectors of
transistors Q1 and Q2 are clamped at -4.5 volts by diodes CR1 and CR2, respectively.

2-8. Pulse-Shaper Modules 30 and 44 (fig. 2-3|ang 2-4) |

a. Function. The input to pulse-shaper module 30 or 44 is a negative square-pulse signal with a
frequency range between 8 kc and 2.3 mc and with an approximate 4.5-volt amplitude. The output of the pulse
shaper is a sharp, positive output pulse of fixed duration, in phase with the negative edge of the input signal.
The output pulse continues for 100 nanoseconds (nsec), with an amplitude varying between 4.5 and 9.0 volts.

b. Circuit Description. Pulse-shaper modules 30 and 44 consist of emitter-follower transistor Q1,
differentiator-capacitor C1, resistors R2 and R3, pulse-amplifier transistor Q2, and output driver transistor Q3.
The output is applied to external circuitry either from the collector of transistor Q2 or the emitter of transistor

Q3.
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2-8.1. NAND/NOR Gate Module SE113K (fig. 2-4.1)
a. Function. Module SE113K is a dual high fanout NAND/NOR gate with three inputs to each gate.

b. Theory. When all inputs to pins 3, 4, and 5 are simultaneously at logic 1, the inverted output at pin 2
will be at logic 0. The associated gate operates in the same manner with inputs at pins 7, 8, and 9 and the
output at pin 10. Therefore, the logic gates are NAND gates. When any one of the three inputs to a gate is at
logic O the inverted output will be a logic 1. Additional logic is obtained by tying the outputs at pins 2 and 10
together. In this case the resultant output will be a O if the output of one gate is at logic 0. If the outputs of both
gates are at logic 1 the resultant output, from the tie point, is a logic 1. Therefore, the tie point connection is
basically an AND gate.

3
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Figure 2-4.1. High fanout NAND/NOR gate integrated circuit module (SE113K), basic application and
schematic diagram.
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2-8.2. Flip-Flop Module SE124K |(fig. 2-4.2)

a. Function. Module SE124K is an RS/T binary element used for ripple counting, storage, and control
circuits. This device has input provisions for both synchronous (clocked) and asynchronous operation.

b. Theory. When connected as shown it figure 2-4.2A] the module is used as a binary storage device or
counter. When a clock pulse is applied to the T input the output state will be controlled by the levels present at
the S and C inputs. Truth table 1 shows the output state for all input levels in synchronous operation. When no
clock pulse is present at the T input, the output state of the binary element can be controlled asynchronously by
the SD and CD inputs. The truth table in_figure 2-4.2B]shows the output state, for all SD and CD inputs.
Various logic functions can be implemented using both basic modes of operation.

2-8.3. NAND/NOR Gate (Buffer) Module SE157K (fig. 2-4.3)

a. Function. The SE157K is a NAND/NOR gate consisting of dual diode transistor logic buffers. This
device is intended for clock and capacitive line driving applications.

b. Theory. When all inputs to pins 3, 4, and 5 are simultaneously at logic 1, the inverted output at pin 2
will be at logic 0. The associated gate operates in the same manner with inputs at pins 7, 8, and 9 and the
output at pin 10. Therefore, the logic gates are NAND gates. When any one of the three inputs to a gate is at
logic 0O the inverted output will be a logic 1.

2-8.4. Monostable Multivibrator Module SE161K ((fig. 2-4.4)

a. Function. The SE161K is a general purpose monostable multivibrator (single-shot) device with a
gasted clock input and complementary outputs. The output pulse duration may be increased by adding
external capacity across pins 7 and 8.

b. Theory. The nominal outputs at pins 10 and 4 are 0 and 1, respectively. This device is activated
when input pin 2 is at logic 0 and a clock pulse is applied to pin 3. This causes pin 10 to go to logic 1 and pin 4
to logic O for the active time duration of the device. The outputs then revert to their normal state. If the gate
input (pin 2) is at logic 1 the single shot is inhibited and no change occurs with the clock pulse.

2-4.2
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Section lll. PANEL SCHEMATIC ANALYSIS
2-9. General

a. In 48- (12-) channel operation, the TD-203/U (TD-202/U) accepts a pcm signal with timing from a
transmitting multiplexer or another multiplexer, samples and reshapes the pcm signal, and provides a full-width,
binary video signal to modulate a radio transmitter. The multiplexers also accept a band-limited binary video
signal from the radio receiver, regenerate the pcm signal, and recover the timing.

b. In 96- (24-) channel operation, the TD203/U (TD-202/U) accepts two pcm signals from two
transmitting multiplexers, or other multiplexers, and interleaves them, bit by bit, to provide a video channel
signal to the radio transmitter. The interleaved pcm signal contains full-width binary pulses at twice the original
bit rate. In addition, the TD-203/U (TD-202/U) accepts a band-limited biternary video signal from the radio
receiver, regenerates the pcm signal, and recovers the timing. The multiplexers, through the address-detection
process, separate the regenerated binary signal into two pcm signals, identify them, and recover the radio
order-wire from the video signal.

c. The chart below indicates the plug-in panels used in the TD-202/U and TD-203/U and also provides a
brief functional description of each panel.

Panel number
Panel TD-203/U TD-202/U Function

Power supply .......ccceeennn. AA1 /5AL ..., 4A1/6A1................. Receives 115 vac; rectifies and produces
regulated-4.5-vdc, +4.5-vdc, +10-vdc, -12-vdc,
and 28-vac unregulated output for the plug-

in panels.
Transmit No.1.................. L PP Panels 4A10 and 4A2 operate together to
process one or two pcm input trains
Transmit NO.2.................. AA2 oo e rnanne from multiplexers. Automatically phases
and synchronizes two inputs for
TraNSMILEEr ......ovvviiiiiiiiies e BA2 i, interleaving. Supplies binary output for radio

operation. Panel 5A2 provides the same
function for TD-202/U.

Receiver ......cceeeeeeeeeeen, QA3 BAS .. Recovers radio signal; reshapes and retimes
pcm input.
Converts biternary 96-or 24-channel operation
to binary.

TimingNo 1.........ccceee. AAA. ... BA4 .., These panels operate together to provide
timing signals for binary and biternary

Timing NO.2.........ccovveen. AAS....eiiieeees BAS .. operation.

Timing No. 3.....ccceeveeen. AAB/SAB .......eveiiiiiiiiiens 4A6/5A6................. Provides 8-kc address signals to operate panel
4A8/5A8; also provides output timing signals.

Timing No. 4................... AAO. .. it e rnnrnnnnne Provides timing signal to operate panel
4A8/5A8.

Order Wire ........cccceeeeerennnns AATISAT oo AATI5AT ... Recovers order wire for use with radio
equipment.

Detector framing ............. AAB/5A8 ......evviiiiiiiiiinns 4A8/5A8................. Locates 4-kc framing pulse; divides 96

channel output into two 48-channel outputs or
24-channel output into two 12-channel outputs.

EXtENAEr PANEL ... e Used for DS and GS maintenance
troubleshooting purposes.
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2-10. Power Supply Panel 4A1/5A1 (fig. 6-20)

a. General. Power supply panel 4A1/5A1 contains four regulated rectifier power supplies which provide
dc outputs of +10 volts, +4.5 volts, -4.5 volts, and -12 volts. An unregulated ac output of 28 volts is also
provided for use in the alarm circuits. Each of the dc outputs is regulated by a series regulator transistor,
controlled by an electronic sensing and feedback circuit located on subassembly Al. With the exception of the
-12-volt supply, the feedback circuit consists of a breakdown diode regulator, differential amplifier, and an
emitter-follower driver. The -12-volt regulator consists only of series regulator transistor Q13 with a controlled
base bias determined by the breakdown diodes.

b. +10-Volt Supply The +10-volt supply is connected to secondary winding 3, 4, 5 of transformer T1.
Full-wave rectifier CR1, CR2 is connected across the secondary and provides a dc output which is filtered
through inductor L1A and capacitor C1. The filtered output is applied through fuse F1 and series regulator Q1
to the load. Transistor Q1 acts as a variable resistance in series with the load, which maintains the load
voltage at 10 volts. The 10-volt output is monitored across potentiometer R1 and applied to the base of
transistor Q3. Transistor Q3 is one-half of a differential amplifier which also includes transistor Q4. The
differential amplifier compares the monitored output voltage with the regulated output of breakdown diode VR1.
Any variations in the load voltage, caused by variations in the load voltage, caused by variations in the input or
in the load, are detected in the differential amplifier, amplified and inverted, and are applied through emitter-
follower driver Q2 to the base of series regulator Q1. This causes the series resistance of Q1 to change,
keeping the output voltage constant.

c. +4.5-Volt Supply. The +4.5-volt supply is identical with the +10-volt supply except for part values and
the breakdown diode circuit. In the +4.5-volt supply, the breakdown voltage of the diode is divided across
voltage divider R14, R15 to supply the reference voltage to differential amplifier Q7, Q8.

d. -4.5-Volt Supply. Since the -4.5-volt supply operates into a heavier load than the other supplies,
power rectifiers CR5 and CR6 are mounted on chassis heat sinks. In addition, the collector supply for the
differential amplifier and driver stages is provided by a separate rectifier-filter consisting of diodes CR7 and
CRS8, and capacitor C11.

2-11. Transmitter Panel 5A2 (fig. 6-28)

a. General. Transmitter panel 5A2 combines two single binary 12-channel trains into one binary train
during 24-channel interleaved (24l1) or separated (24S) operation. When used as a radio repeater (24R), the
incoming binary train from a companion TD-202/U is regenerated and applied to the next radio. During 12-
channel operation, the incoming single binary train is regenerated and applied to the next radio.

b. PCM IN-1 Signal. The PCM IN-1 signal enters panel 5A2 at terminal 30 of jack J6. Wave forms of
the incoming PCM IN-1 signal are shown in figure 2-5lgnd 2-6. | The duration of each pulse is 1.736 usec,
During 12-channel operation, the PCM IN-1 signal consists of a single binary train of pulses (A,[fig. 2-5) .

During 24-channel operation, the PCM IN-1 signal consists of a single interleaved binary or double binary
train of pulses (C, The pulse excursion is between 0 volt and -2 volts. An amplitude of 0 volt
represents a logic 1, and -2 volts represents logic 0. In the panel, the PCM IN-1 signal enters the sampler PCM
IN-1 circuit ( (1) below), where the logic 1 pulses are separated from the

Change 2 2-6
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logic 0 pulses and applied on separate lines to set and reset the PCM pulse reshaper (e below which
reconstitutes the original PCM IN-1 signal.

(1) Pcm in-1 circuit. The pcm in-1 circuit consists of a sampler, detector-inhibitor, and gate. Two signal
inputs, PCM IN-1 and TIM IN, are required for the operation of the pcm in-1 circuit.

(8) Pcm in-1. The PCM IN-1 signal from terminal 30 of jack J6 is applied to the base of transistor Q1
of the sampler pcm in-1 circuit ( (3) below), and via peak detector capacitor C2 and diode CR4 to
capacitor C4. The charge on capacitor C4 is applied to the base of transistor Q5 of the pcm in-1
detector inhibitor circuit ((b) below), and to terminal 29 of jack J6 (PCM IN-1 meter); this signal is
used for monitoring.

(b) Timing in. The TIM IN signal at terminal 31 of jack J6 (B,[fig. 2-5) is a train of negative-going
trigger pulses applied to the base of inhibitor transistor Q3. This signal is derived from the emitter
of buffer transistor Q17 of the timing-in circuit (e below).

(2) Pcm in-1 inhibitor. The pcm in-1 inhibitor circuit prevents the timing signal input to the sampler pcm
in-1 circuit
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when there is no PCM IN-1 signal input. This circuit consists of a peak detector (transistors Q3, Q4, and Q5)
whose output controls the sampler pcm in-1 circuit.

(8) Normal operation. Transistor Q3 conducts whenever a negative-going pulse enters the base. The
biasing for the base of transistor Q4 is developed from the PCM IN-1 signal applied to capacitor C2.
The signal passes through capacitor C2, and the upper level of the signal is clamped to ground
potential by diode CR2. When the peaks of the negative-going pcm pulses exceed the potential at
the anode of diode CR4, diode CR4 conducts and charges capacitor C4 with a negative potential
equal to the peak voltage of the pcm pulses. The negative voltage is applied to the base of transistor
Q5, cutting it off. With transistor Q5 off, the base of transistor Q4 assumes a + 4. 5-volt potential.
The negative-going trigger pulses at the base of transistor Q3 are more negative than the potential at
the base of transistor Q4, and transistor Q3 conducts.

(b) Inhibiting operation. When there is no pcm input at capacitor C2, capacitor C4 loses its negative
charge and transistor Q5 conducts. The collector of transistor Q5 goes to approximately 0 volt, which
is applied to the base of transistor Q4. The base of transistor Q4 become" more negative than the
peak negative voltage at the base of transistor Q3; consequently, transistor Q4 conducts and
transistor Q3 shuts off, inhibiting any output at the collector of transistor Q3.

(3) Sampler pcm in-1 circuit. The sampler pcm in-1 circuit consists of transistors Q1 and Q2 which
operate as a differential amplifier. The input for the base of transistor Q1 is a voltage-type b as
provided by the PCM IN-1 signal from terminal 30 of jack J6. The input for the base of transistor Q2
is a voltage-type bias of approximately -1 volt provided by voltage divider R7 and R8. The current
input to the emitters of transistors Q1 and Q2 is a 576-kc timing signal (E[fig. 2-5) from the collector
of transistor Q3. The sampler circuit separates the logic 1 pulses from the logic 0 pulses and applies
the pulses on separate lines to set and reset a pcm pulse reshaper that reconstitutes the original
PCM IN-1 signal. The logic 1 and O pulses are applied to the bases of driver transistors Q9 and Q10,
respectively, of the pcm pulse reshaper (e below).

c. Pcm In-2 Signal. The PCM IN-2 signal, enters panel 5A2 at terminal 2 of jack J6. Waveforms of the
incoming PCM IN-2 signal are shown in figure 2-6. The duration of each pulse is 1.736 msec. During 24-
channel interleaved 241 or separated 24S operation, the PCM IN-2 signal is A single binary train of pulses (A,
fig. 2-6) . During 24-channel repeater (24R) operation of the TD-202/U, the PCM IN-2 signal consists of a
single interleaved binary or double binary train of pulses (C, [fig. 2-6).

(1) Pcm in-2 circuit. The pcm in-2 circuit consists of the inhibitor, sampler pcm in-2, automatic phase
control, and inverter. The operation of the inhibitor, sampler pcm in-2, and inverter circuits is
described below; the automatic phase control is described in f below. Two inputs, PCM IN-2 and TIM
IN, are required for the operation of the pcm in-2 circuit.

(&) Pcm in -2. The incoming PCM IN-2 signal from terminal 2 of jack J6 is divided into two branches.
One branch of the signal is applied through capacitor C22 to diodes CR27 and CR26. The signal is
clamped to ground by diode CR 27, peak-detected by diode CR 26, and a negative charge is stored
on capacitor C24 . One branch of
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the charge on capacitor C24 is applied to the base of transistor Q20 of the pcm in-2 inhibitor circuit ((2) below).
The other branch of the charge on capacitor C24 is applied to terminal 8 and 9 of jack J6 (PCM IN-2 meter);
this signal is used for monitoring. The other branch of the PCM IN-2 signal is applied to the automatic phase
control circuit (f below). In the automatic phase control, the PCM IN-2 signal follows one of two branches,
depending on the phasing. One branch is via diodes CR17 and CR15 to the bass of transistor Q21. The other
branch passes through delay circuit DL3, where the signal is delayed 0.4 nsec, and diodes CR18 and R20 to
the base of transistor Q21.

(b) Timing in. The incoming TIM IN signal is delayed 0.2 nsec for use as a timing signal in the sampler pcm in-
2 circuit. This timing signal is derived from the emitter of buffer transistor Q17 of the timing-in circuit (d
below) and is divided into two branches. One branch, 24-channel timing, is applied to terminal 5 of jack J6.
The signal re-enters the panel via the front panel TRAFFIC SEL switch at terminal 7 of jack J6, where it is
designated as 24-channel sample timing, and is applied to the base of transistor Q18 of the pcm in-2
inhibitor circuit ( (2) below). The other branch is from the emitter of transistor Q17 applied to coincidence
circuit CR22 and CR23 of the automatic phase control circuit (f below).

(2) Pcm in-2 inhibitor. The pcm in-2 inhibitor circuit disables the sampler pcm in-2 circuit when there is no PCM
IN-2 signal. This circuit consists of a peak-detector (transistors Q18, Q19, and Q20) whose output controls
the sampler pcm in-2 circuit. Two inputs, pcm in-2 and 24-channel sample timing, are required for the
operation of this circuit. The negative voltage proportional to the negative peaks of the PCM IN-2 signal
from capacitor C24 is applied to the base of transistor Q20. The incoming 24-channel sample timing signal
from terminal 7 of jack J6 is applied to the base of transistor Q18. The pcm in-2 inhibitor circuit operates in
the same manner as the pcm in-1 inhibitor circuit (b (2) above).

(3) Sampler pcm in -2 circuit. The sampler pcm in-2 circuit consists of transistor Q7 and Q8. The PCM IN-2
signal input for the sampler pcm in-2 circuit is taken from the collector of transistor Q21 of the automatic
phase control (f below). The PCM IN-2 signal is inverted in transistor Q21 and inverted again in transistor
Q7. The 24-channel sample timing signal for the sampler pcm in-2 circuit is taken from the collector of
pcm in-2 inhibitor transistor Q18 and applied to the emitters of transistors Q7 and Q8. The signal is derived
from one of the output branches of the emitter of buffer transistor Q17 of the timing-in circuit (d below).
Another branch of the emitter of transistor Q17 is delayed 0.87 nsec for use as a 24-channel timing signal,
in the sampler pcm in-1 circuit. The delay places the timing pulse for pcm in-1 for one-half bit apart from
the pcm pulses of pcm in-2, so that the pulses of the PCM IN-1 signal occur midway between those of the
PCM IN-2 signal. The sampler pcm in-2 circuit operates in the same manner as the pcm in-1 circuit (b (8)
above). Logic 0 pulses are produced at the collector of transistor Q7 which is connected to the line carrying
the pcm in-1 logic O pulses. The logic O pulses of both signal trains, with equal spacing, enter the base of
driver transistor Q10 of the pcm pulse reshaper circuit (d below). The logic 1 pulses are produced at the
collector of transistor Q8, which is connected to the line carrying the pcm in-1 logic pulses.
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The pulses of both signal trains enter the base of driver transistor Q9 of the pcm pulse reshaper circuit.
However, before the pcm in-1 pulses enter the pcm pulse reshaper, the pcm in-2 pulses are injected
into the circuits carrying the pcm in-1 pulses. The pcm in-2 pulses are phased to fall between the
pulses of pcm in-1. The interleaved combination enters the pcm pulse reshaper as one train to

produce one binary pcm train (C,|[fig. 2-6).

d. Timing-In Circuit. The timing signal is derived from the TIM IN signal which enters the panel at terminal
31 of jack J6. In the panel, the TIM IN signal is applied to timing-in circuit DL2, Q16, and Q17. The signal
passes through delay line DL2 where it is delayed 0.2 nmsec (D,[fig. 2-5] . The purpose of the delay is to shift
the timing pulse so that it does not coincide with the edges of the pcm wavetrain (C_fig. 2-8) during the
sampling process. If the timing pulse should occur at a sloping (leading or trailing) edge, it is possible that the
timing pulse would not be able to reach its full amplitude to trigger the circuit. To avert such a possibility, the
timing pulse is shifted away from the edge toward the center of the pcm wavetrain. The delayed timing signal
passes through capacitor C9 to the base of amplifier transistor Q16, where the pulses are reshaped and
inverted. The negative-going trigger pulses are applied through buffer transistor Q17 and are divided into four
branches. One of the branches of the timing signal is applied to the anode of diode CR23 in the coincidence
circuit of the automatic phase control (f below). Another branch is applied to terminal 5 of jack J6 (24-channel
timing) for application to sampler pcm in-2 via TRAFFIC SEL switch S5 and terminal 7 of jack J6. These two
signal branches are used during 24- channel operation; the third branch is applied through delay line DL1 and
capacitor C1 to the based of transistor Q3. The fourth branch of the emitter output of transistor Q17 is applied
to diode CR12 where the signal is detected and a negative charge is stored on capacitor C10 . This direct-
current (dc) voltage is applied through resistor R43 to terminal 4 of jack J6 (TIMING IN meter); this signal is
used for monitoring. The timing signal is delayed 0.87 msec by line DL1 (E,[fig. 2-5). This delay, which shifts
the timing pulses by one-half bit, is not actually required for 12- channel operation. However, it is hecessary to
keep the timing pulses for sampler pcm in-1 one-half bit apart from those for sampler pcm in-2 during 24-
channel operation.

e. Pcm Pulse Reshaper. The pcm pulse reshaper circuit converts the logic 1 and 0 pulses of the sampler
circuit or circuits to square-wave pcm. The circuit consists of flip-flop Q11, Q12, Q13, and Q14.

() Inputs. The logic 1 and 0 pulses from the sampler circuit (or circuits) are applied to the base
of driver transistors Q9 and Q10, respectively. The logic 1 pulses from the emitter of
transistor Q9 are applied through diode CR6 to the collector of flip-flop transistor Q12. The
logic O pulses from the emitter of transistor Q10 are applied to the collector of flip-flop
transistor Q13.

(2) Flip-flop. The flip-flop consists essentially of transistors Q12 and Q13. Each of these two
transistors operates in conjunction with another transistor as a differential amplifier.
Transistors Q11 and Q12 act as one differential amplifier; transistors Q13 and Q14 act as
another differential amplifier.

(a) Initial status It is assumed that transistor Q12 of the flip-flop is off. With transistor Q12
off, transistor Q13 conducts, as in a conventional flip-flop, and transistor Q11 conducts,
as in a differential amplifier. When transistor Q13 is on, transistor Q14 is off. Because
of this, the potential at the collector assumes the -4.5-volt value of the upper end of
collector resistor R29. This -4.5volt potential is applied to the base of buffer transistor
Q15 as a logic 0 representation.
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(b) Application of logic 1 pulse. When a logic 1 pulse is applied to the collector of transistor Q12, it
conducts, and transistor Q13 shuts off; transistor Q11 shuts off and transistor Q14 conducts. Because
transistor Q14 conducts, the collector of transistor Q14 assumes a ground or O-volt potential. This
potential is applied to the base of transistor Q15 as a logic 1.

(c) Application of logic 0 pulse. When a logic 0 pulse is applied to the collector of transistor Q13, it
conducts, and transistor Q12 shuts off. The circuit assumes the same conditions that existed during
the initial status. Because transistor Q14 is off, the collector of transistor Q14 assumes a -4.5-volt
potential, which is applied to the base of transistor Q15 as a logic 0.

(d) Consecutive application of Similar pulses. If a logic 0 pulse causes transistor Q13 to conduct,
application of a second logic 0 pulse has no effect on transistor Q13. The output voltage of transistor
Q14 also remains the same for the second pulse.

(3) Output. The output of the pcm pulse reshaper is taken from the collector of transistor Q14 and applied to
the base of buffer transistor Q15. The signal, with unchanged polarity, is applied across a voltage-
dividing network which includes output level (OL) potentiometer R33. Potentiometer R33 is screwdriver
adjustable and is used to vary the output level of the pcm signal. The potentiometer output is taken from
the arm and applied via terminal 1 of jack J6 to the TO RADIO XMTR connector on the front panel.
Another branch of the potentiometer output is converted to a dc voltage by a peak detector and applied to
terminal 6 of jack J6 (to radio xmtr meter); this signal is used for monitoring.

f. Automatic Phase Control (apc). The apc|(fig. 2-7) shifts the PCM IN-2 signal 0.4 msec whenever the timing
pulses coincide with the transitions of the pcm square-wave pulses. The apc is used during 241 and 24S
(disabled during 24R) operation; during 12-channel operation, the apc is disconnected. When the PCM IN-2
signal is suitably phased, it passes through the apc and enters the sampler pcm in-2 circuit where the logic 1's
and O's are separated (c (3) above). Whenever the PCM IN-2 signal is not suitably phased for sampling, a
signal is developed in the apc to reroute the PCM IN-2 signal either through the delay line or direct to the
sampler, depending on the phase of the signal. To accomplish this delay, the 24-channel timing pulses are
compared with pulses representing the negative transitions of the PCM IN-2 signal. If coincidence occurs, the
resulting signal is used to change the state of flip-flop Q25 and Q26. This change in state disables the route
taken by the PCM IN-2 signal and presents the alternate route which may be direct or delayed (0.4 msec) in
delay line DL3. The apc consists of the differential amplifier, buffer, driver, flip-flop, undelayed and delayed.

(1) Inputs. The apc circuit requires two signal inputs for operation: PCM IN-2 and 24-channel timing . The
incoming PCM IN-2 signal from terminal 2 of jack J6 is applied to diode CR15 and through 0.4 nsec
delay circuit DL3 to the anode of diode CR18. Depending on the phasing, the PCM IN-2 signal connects
via one of the two branches to the base of differential amplifier transistor Q21. One branch of the 24-
channel timing signal from the emitter of timing-in buffer transistor Q17 is applied to coincidence circuit
CR22 and CR23, and R60, where the timing-in pulses are compared with the pulses representing the
negative transitions of the PCM IN-2 signal.

(2) Apc differential amplifier. The signal (Bl_fig. 2-7) representing the transitions from pcm in-2 (A[fig. 2-7) is
developed in differential amplifier circuit Q21 and Q22. Whenever the pcm signal at the base of
transistor Q21 goes from positive to negative, transistor Q21 conducts and transistor Q22 shuts off. The
signal at the collector of transistor Q21 passes on to the sampler as the principal signal.
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When transistor Q22 shuts off, B spiked pulse is developed across coil L2; diode CR21 dampens the
oscillation. The negative-going pulses pass through capacitor C20 and are applied to the base of buffer
transistor Q23. The negative signal at the emitter of transistor Q23 is applied to diode CR22 of the
coincidence circuit ( (3) below).

(3) Apc coincidence circuit. The coincidence circuit consists of diodes CR22 and CR23 and resistor R60.
The timing signal for the coincidence circuit, a train of negative-going pulses at a 576-kc rate, is taken
from the emitter of buffer transistor Q17 and applied to diode CR23 . The coincidence circuit is
energized by the -4.5-volt source applied to one end of resistor R60. The other end of resistor R60 is
connected to the junction of diodes CR22 and CR23 and the base of transistor Q24. When there are no
incoming signals, current flows in resistor R60 and the potential at the common point is approximately 0
volt. When a negative pulse arrives at either one of the diode anodes, the diodes receiving the negative
pulse tends to shut off, to restrict current flow in this diode branch. Current flow continues in the other
diode branch, and the voltage at the common point remains at approximately 0 volt. When each diode
receives a negative pulse simultaneously, both diodes shut off to halt current flow in resistor R60 . Since
there is practically no voltage drop across resistor R60, the common point assumes a negative potential
which causes transistor Q24 to conduct. A positive-going pulse produced at the collector of transistor
Q24 is applied to bath sides of flip-flop transistors Q25 and Q26 via diodes CR24 and CR25 . The flip-
flop changes state.

(4) Apc flip-flop. The flip-flop determines whether the undelayed PCM IN-2 signal or the delayed PCM IN-2
signal is applied to the base of transistor Q21 for eventual application to the sampler pcm in-2 circuit.

(a) Undelayed pcm in-2 signal. Transistor Q25 of the automatic phase control flip-flop is off and transistor
Q26 conducts. With transistor Q25 off, gate CR15 and CR 16, and R 54 is able to pass the pcm in-2
signal. The output of the gate is applied to diode CR17 of another gate consisting of diodes CR17 and
CR20 and resistor R55. The signal passes through this gate and is applied to the base of transistor
Q21. Transistors Q21 and Q22 act as a differential amplifier; when the pcm signal goes negative,
transistor Q21 conducts and transistor Q22 cuts off. The PCM IN-2 signal appears at the collector of
transistor Q21 with inverted polarity and is applied through resistor R11 to the base of inverter
transistor Q6. The signal is inverted again in transistor Q6. The output of transistor Q6 is applied to
transistor Q7 of the sampler pcm in-2 circuit.

(b) Delayed pcm in-2 signal. Transistor Q25 of the automatic phase control flip-flop conducts and
transistor Q26 is off. The collector of transistor Q25 assumes a potential of approximately 0 volt
which is applied to the anode of gate diode CR16. As a result, the pcm at the anode of diode CR15
cannot pass through the gate circuit. With transistor Q26 off, the anode of gate diode CR19 assumes
a -4.5-volt potential, permitting the delayed pcm output of delay circuit DL3 (E, [fig. 2-7) to pass
through gate diode CR18. The signal passes through gate diode CR20 to the base of transistor Q21.
However, if the pcm signal phase should drift so that its negative transition coincides with the timing
pulse, a pulse is developed in the coincidence circuit to change the state of the flip-flop.
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The change in state causes the gates to reverse their status, and the undelayed pcm is connected to the base
of transistor Q21. The coincidence circuit changes the state of the flip-flop whenever the pcm signal transitions
coincide with the timing pulses.

g. 24-Channel Repeater Operation. When the TRAFFIC SEL switch is operated to 24R, the incoming
train is applied, via the front panel PCM IN-1 and PCM IN-2 connectors, to terminals 30 and 2 of jack J6. The
binary train enters both samplers, but only a single train is sampled in each sampler. Since the timing signal
(D,[fig._2-6) for sampler pcm in-1 is spaced 0.87 nsec from the timing (E[ fig. 2-6) for sampler pcm in-2, one
timing signal selects the pulses of one of the binary trains and the other timing signal selects the pulses of the
other binary train. In the 24R position, the automatic phase control circuit is grounded. This prevents the
delayed PCM IN-2 signal from passing through the gate to the base of transistor Q21. The 24 -channel timing
signal at terminal 5 of jack 6 is fed back into the panel, via terminal 7 of jack J6, as the 24 -channel sample
timing signal. The signal passes through capacitor C12 and transistor Q18 for application to the emitters of
transistors Q7 and Q8 of the sampler pcm in-2 circuit.

2-11.1 Transmit No. 1 Panel 4A10
fig. 6-20.1)

a. General. Transmit No. 1 panel 4A10 sequentially stores the 48-channel (PCM IN-2) binary train for six
bits, with no loss of pcm information, during 96-channel interleaved (961) or separated (96S) operation. Each
output from the panel 4A10 storage elements is applied to panel 4A2, where it is read out sequentially at one-
sixth of the bit rate. In this manner, the original pcm train is reconstructed and synchronized with the same
timing signal. During 96-channel repeater (96R) operation, the PCM IN-2 binary train from a companion TD-
203/U bypasses the storage circuits in panel 4A10 and is applied to panel 4A2 for regeneration and application
to the next radio. During 48-channel operation, the 4A10 panel elements are inactive.

b. PCM IN-2 Signal. The PCM IN-2 signal enters panel 4A10 at terminal 29 of jack J10; wave forms of a
typical incoming PCM IN-2 signal are shown in A of fiure 2-7.1. The duration of each pulse is 0.43 msec.
During 96-channel interleaved (961) or separated (96S) operation, the PCM IN-2 signal is a single binary train of
pulses with a duration of 0.22 msec. During 96-channel repeater (96R) operation, the PCM IN-2 signal consists
of a single interleaved binary or double binary train of pulses. The pulse excursion Is between 0 and -2 volts.
An amplitude of 0 volt represents a logic 1; an amplitude of -2 volts represents a logic 0. In the panel, the PCM
IN-2 signal is separated into 1's and O's and applied on separate lines as inputs to the reading gates and
associated storage elements. Each PCM IN-2 bit is sequentially read in at one sixth of the bit rate, and stored
for six bits. Each storage element is read out, at one-sixth of the bit rate, on panel 4A2 where it is combined
and synchronized with the PCM IN-1 signal.

(1) Pcm in-2 circuit. This circuit consists of the pcm input and timing elements that process, control,
and store the pcm-2 signal. The storage circuits are described in ¢ below. Two inputs, PCM IN-2 and TIM IN-2,
are required for operation of the pcm in-2 circuit.

(&) Pcmin-2. The incoming PCM IN- signal from terminal 29 of jack J10 is applied to a differential
amplifier consisting of transistors Q1 and Q2. The outputs of the differential amplifier are fed
to driver transistors Q3 and Q4, respectively. This provides both phases of the pcm signal at
the necessary logic levels to operate the integrated circuits. The output of transistor Q3 is
applied to the peak detector circuit consisting of transistors Q5 and Q6, capacitors C2 and C3,
diodes CR2 thru CR4 and resistor R11. The outputs of driver transistors Q3 and Q4 are
coupled to pins 9 and 3, respectively, on read-in gates Z1, Z4, Z7, Z9, Z14, and Z16; and to
terminals 11 (PCM-2) and 7 (PCM-2) of jack J10.

(b) Tim in-2. The 2304-kc TIM IN-signal is applied to terminal 31 of J10 through delay line DL1,
where it is delayed 0.2 msec. The purpose of this delay is to shift the timing pulse so that it
does not coincide with the edges of the pcm wavetrain during the sampling process.
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The delayed timing signal is applied to differential amplifier transistors Q9 and Q10. The output of transistor
Q10 is applied to driver transistor Q11 and a peak detector consisting of transistors Q7 and Q8, diodes CR6
and CR7, capacitor C9, and resistor R16. The output of transistor Q11 is applied to one-half of driver Z6 to
provide a basic timing pulse train for panel 4A10. The output of driver Z6 branches into two outputs. One
branch is applied to a counter comprising flip-flops Z11, 7212, and Z13. The other branch is applied to the
toggle inputs of flip-flops 72, 75, 78, 710, 715, and Z17. Outputs from pin 8 of flip-flops Z12 and Z13 are
applied to pins 3 and 4 of gate Z3. The output of this gate is coupled back to pin 2 of counter flip-flop Z11.
This results in a divide-by-6 counter.

(2) Pcm-2 inhibitor. The pcm-2 inhibit pulse is derived when either of the peak detected pcm-2 or tim-2
outputs from transistors Q6 and Q8 fail to appear at pins 7 and 8 of gate Z3. This causes a high dc level at
terminal 18 of jack J10 (pcm-2 inhibit). This signal is used in 96-channel operation to inhibit the C2 timing
pulse (pare 2-11. 2b (2) ), if there is a failure of the pcm-2 or tim-2 pulse trains. This essentially causes panel
4A2 to operate in a 48-channel mode. The output of transistor Q6 is also coupled via resistor R13 to output
terminal 21 of jack J10 (PCM IN-2 meter); this signal is used for monitoring. The output of peak detector
transistor Q8 is also coupled, via resistor R19, to terminal 19 of jack J10 (TIM IN-2 meter); this signal is used
for monitoring.

c. Read-in and Storage Circuits. The output from pin 8 of flip-flop Z11 is applied to pins 5 and 8 of gate Z7
and pins 4 and 7 of gate Z1. The output from pin 3 of flip-flop Z11 is applied to pins 5 and 8 of gate Z16 and
pins 4 and 7 of gate Z9. The output from pin 8 of flip-flop Z12 is applied to pins 4 and 7 of gate Z4 and pins 5
and 8 of gate Z9. The output from pin 3 of flip-flop Z12 is applied to pins 4 and 7 of gate Z14 and to pins 6 and
8 of gate Z1. The output from pin 3 is also applied to a pulse shaper consisting of transistor Q12, resistors R27
and R28, and capacitor C13. This pulse shaper forms a positive pulse at the collector of transistor Q12 when
the Wave form at pin 3 of flip-flop Z12 makes a transition from ground to-4.5 volts. The output of transistor
Q12 is applied to terminal 20 of jack J10 (read-in bracket pulse). The output from pin 8 of flip-flop Z13 is
applied to pins 5 and 8 of gate Z14 and pins 4 and 7 of gate Z7. This signal is also applied to pin 9 of flip-flop
Z11. The output from pin 3 of flip-flop Z13 is applied to pins 4 and 7 of gate Z16 and 5 and 8 of gate Z4. Gate
Z1 is normally inhibited by the inputs from the counter. This produces logic 1's at pins 2 and 10. These are
applied to pins 2 and 9 of storage flip-flop Z2. When the outputs are at logic 1, the 2,304-kc timing pulse will
have no effect on the state of flip-flop Z2. When the inputs from the counter are simultaneously at logic 1, the
read-in gate is enabled. The outputs applied to pin 2 and pin 10 of flip-flop Z1 will be the inverse of the
complementary pcm inputs, at pins 3 and 9, respectively, for the duration of one clock period (0.43 msec). The
toggle pulse (H[fig. 2-7.1)) will then set flip-flop Z2 according to the state of the pcm inputs. The output from
pin 8 of flip-flop Z2 is applied to terminal 4 of jack J10 (S1). When gate Z1 has been enabled for the one
period it will be disabled by the counter pulses for five clock periods. Therefore, flip-flop Z2 will change state at
a maximum of once every six clock pulses. Read-in gates Z4, Z7, Z9, Z14, and Z16 and the associated
storage flip-flops Z5, 78, 710, 715, and Z17, respectively, operate in a similar manner, except the gates are
enabled in a sequential fashion. In this manner, each pcm bit is stretched for a duration of six clock bits (B
through G.[fig. 2-7.1) and no pcm information is lost. The read-in bracket pulse is coincident with the time the
pcm input is read into storage flip-flop Z2.

2-11.2. Transmit No. 2 Panel 4A2 ((fig. 6-21)

a. General. Transmit No. 2 panel 4A2 provides the readout pulses to reconstruct the 48-channel pcm-2
binary train from the storage elements on panel 4A10, and combines this pcm train with the 48-channel pcm-1
train in
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Figure 2-7.1. Panel 4A10 storage of idealized pcm 2 waveforms during 961-or 96S -channel operation.
96-channel interleaved (961) or separated (96S) operation. This signal is then applied to the next radio.

b. Pcm In-1 Signal. The PCM IN-1 signal enters panel 4A2 at terminal 16 of J15; waveforms of the
incoming PCM IN-1 signal are shown in A of During 96-channel interleaved (961) or separated
(96S) operation, the PCM IN-1 signal is a single binary train of pulses (A, The duration of each
pulse is 0.43 nmsec. During 96-channel repeater (96R) operation, the PCM IN-1 signal consists of a single
interleaved binary or double-binary train of pulses
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( B, [fig.2-7.2)|with a duration of 0.22msec. The pulse excursion is between 0 and -2 volts. An amplitude of 0
volt represents a logic 1; an amplitude of -2 volts represents a logic 0. In the panel, the PCM IN-1 signal is
separated into 1's and 0's and applied on separate lines as inputs to the output flip-flop control gates. The
output from these gates reconstitutes the original PCM IN-1 signal.

(1) Pcm in-1 circuit. The pcm in-1 circuit consists of the pcm input and timing elements that process and
control the pcm-1 signal up to the output control circuits. The output control circuits are described in ¢ below.
Two inputs, PCM IN-1 and TIM IN-1, are required for operation of the pcm in-1 circuit.

(& Pcm in-1. The incoming PCM IN- signal from terminal 16 of J15 is applied to a differential amplifier
consisting of transistors Q9 and Q10. The outputs of the differential amplifiers are fed to driver transistors Q11
and Q12, respectively. This provides the necessary logic levels for use with the integrated circuits. The output
of transistor Q11 is applied to pin 7 of gate Z15. The output of transistor Q12 is applied to pin 3 of gate Z7 and
to the base of transistor Q13, which acts as a buffer emitter follower. The output from the emitter is coupled
through capacitors C11 and C16 and diodes CR8 and CR9 to constitute a peak detector circuit which activates
transistor Q15. The output of transistor Q15 is also applied to pin 9 of gate Z15 and to pin 5 of gate Z7. This
output is also fed through resistor R24 to terminal 17 of jack J15 (PCM IN-1 meter); this signal is used for
monitoring. When failure of the PCM IN- occurs, the dc output from transistor Q15 inhibits the output flip-flop
control gates processing the PCM IN-1 signal.

(b) Tim in-l. The 2,304-kc TIM IN-1 signal from terminal 29 of jack J15 is applied to differential amplifier
transistors Q1 and Q2. The output from transistor Q1 is used to produce the C1 clock pulse (b(2) below). The
output from transistor Q2 is coupled to transistor Q3. The output from transistor Q3 is coupled through buffer
emitter follower transistor Q4. One output from the emitter of this 2-16.2 transistor branches to a peak detector
consisting of capacitors C2 and C3 and diodes CR2 and CR3. The dc voltage from this peak detector is
applied to transistor Q6. The collector of transistor Q6 is coupled through resistor R12 to terminal 20 of jack
J15 (TIM IN-1 meter); this signal is used for monitoring. The other branch from the emitter of transistor Q4 is
used to produce the C2 clock pulse ( b (2) below) .

(2) Timing pulses C1 and C2. Timing pulses C1 and C2[(fig. 2-7.] 2) are derived from the TIM IN-1 signal
(b(1) (b) above). These signals are used for sampling the pcm-1 and pcm-2 signals from output flip-flop
control gates Z7 and Z15, respectively. Timing pulse C2 also controls the sampling of the pcm-2 signals from
read-out gates 710, Z12, and Z14. The TIM IN-1 output from differential amplifier transistor Q1 is fed through
0. 1-usec delay line DL1 to the base of transistor Q5. The output from transistor Q5 is the clock pulse
designated as C1. The TIM IN-1 output, from the emitter of buffer transistor Q4, is applied to pin 3 of single-
shot multivibrator Z4 which is used as a timing delay circuit. The delay is adjustable with variable capacitor C7.
The output from single-shot multivibrator Z4 is applied via a differentiating pulse shaper network, consisting of
capacitor C5 and resistor R18, to the base of transistor Q7. The output from transistor Q7 is a positive pulse at
the dc levels necessary for operation of the integrated circuits. This signal is applied to pin 5 of gate Z5 and to
pin 10 of flip-flop Z9. The output from pin 2 of gate Z5 is coupled to pin 7 of gate Z5. This half of gate Z5 acts
as an inverter driver for the clock pulse designated as C2. This pulse, at the 2,304-kc rate, is adjustable by
capacitor C7 to fall midway between the C1 clock pulses. From pin 10 of gate Z5, this pulse is applied to pin
10 of counter flip-flops Z1, Z2, and Z3. This signal is also applied to pin 7 of gate Z8.

c. Readout and Output Control Circuits. The divide-by-6 counter comprises flip-flops Z1, Z2, and Z3 and
provides the necessary waveforms for the readout gates. The feedback output from pin 2 of gate Z6 forces the
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shift register type counter to count by six. The outputs from pin 8 of flip-flops Z2 and Z3 are fed to pins 3 and
4, respectively, on gate Z6. The output from pin 2 of gate Z6 is fed back to pin 2 of flip-flop Z1. The output
from pin 8 of Z3 is also coupled to pin 9 of Z1. This provides the necessary feedback for the divide-by-6
counter. Gates Z10, Z12, and Z14 are the readout gates for the storage elements located on panel 4A10. The
six stored outputs (S1 through S6) from panel 4A10 are applied to terminals 4, 2, 8, 5, 9, and 3, respectively,
on jack J15. The S1, S2, and S3 are applied to pin 3 of gates 210, Z12, and Z14, respectively. The S2, S4
and S6 signals are applied to pin 7 of gates 7210, Z12, and Z14, respectively. Therefore, there is one readout
gate for each storage element on the 4A10 panel. The proper gating waveforms are supplied from the panel
4A2 counter stage. The gating waveforms for the S1 signal are applied from pin 8 of flip-flop Z1 and pin 3 of
flip-flop Z2 to pins 4 and 5, respectively, on gate Z10. The gating waveforms for the S2 signal are applied from
pin 8 of flip-flop Z2 and pin 3 of flip-flop Z3 to pins 8 and 9, respectively, on gate Z10. The gating waveforms
for the S3 signal are applied from pin 8 of flip-flops Z3 and Z1 to pins 4 and 5, respectively, on gate Z12. The
gating waveforms for the S4 signal are applied from pin 3 of flip-flop Z1 and pin 8 of flip-flop Z2 to pins 8 and 9,
respectively, on gate Z12. The gating waveforms for the S5 signal are applied from pin 3 of flip-flop Z2 and pin
8 of flip-flop Z3 to pins 4 and 5, respectively, on gate Z14. The gating waveforms for the S6 signal are applied
from pin 3 of flip-flops Z3 and Z1 to pins 8 and 9, respectively, on gate Z14. The outputs of all the readout
gates, pins 2 and 10, are connected. Therefore, each gate is sequentially sampled for the duration of one clock
pulse (0. 43 nsec) in a manner similar to the reading pulses. One common output of the readout gates is
connected to pin 7 of gate Z13; the other is applied to pin 7 of gate Z6 which acts as an inverter. The output at
pin 10 of gate Z6 is applied to pin 3 of gate Z11. Gates Z7; Z11A, Z13B, and Z15 are the output flip-flop
control gates that process the pcm from the storage elements. Gates Z11B and Z13A make up the output flip-
flop.

d. 48-channel Operation. The low level signal applied from the TRAFFIC SEL switch to terminal 1 of jack
J15 (961 and 96S) inhibits gates Z11A and Z13B at pins 5 and 9. Therefore, the C1 pulses sample the pcm-1
signal in gate Z7A and the pcm-1 signal in gate Z15B. The output from pin 2 of gate Z7 is connected to pin 7 of
gate Z11B. The output from pin 10 of gate Z15B is connected to pin 5 of gate Z13A. When the pcm-1 signal is
at logic 1, and the clock pulse C1 is present, the output at pin 10 of Z7 is a negative going pulse. This is
applied to pin 7 of flip-flop Z11 and forces pin 10 to a level 1. The output at pin 10 of Z15 remains a logic 1
because the pcm-1 is now at level O; therefore, the input to Z13 pin 5 is a logic 1. The logic 1 level at pin 3 of
Z11 and the logic 1 input at pin 5 of Z15 causes the output from pin 2 of gate Z13 to be at logic 0. When the
pcm-1 signal is at logic 0 and the pcm-1 signal is at logic 1, this action is reversed and the output flip-flop
changes state. The output from the flip-flop is taken from pin 10 of Z11 and applied to buffer output driver
transistor Q14. The output from the emitter of transistor Q14 is connected through resistor R43 and the output
level adjust potentiometer R44 to a peak detector consisting of capacitors C19 and C20 and diodes CR11 and
CR12. The signal is applied to terminal S1 of jack J15 (TO RADIO XMTR meter) for monitoring. The center
tap of the potentiometer is connected to terminal 30 of jack J15 (TO RADIO XMTR).

e. 961- or 96S-Channel Operation. In these modes of operation the pcm-2 output flip-flop control gates are
enabled by the dc level from the TRAFFIC SEL switch applied to terminal 1 of jack J15 (961 and 96S). This is
now a high level. Readout gates 710, Z12, and Z14 are sequentially sampled and the outputs are tied together
to form a serial signal similar to output at jack J14 (A, fig. 2-7. 2)| The complement of this signal is derived by
inverting the signal in gate Z6B. The pcm-2 and pcm-2 signals from terminals 11 and 7 of jack J15 are
applied to gates Z7B and Z15A, respectively. These are sampled by the C2 clock
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pulse. The outputs of these gates are tied to the respective pcm-1 gates and to the output flip-flop. Therefore,
a coincidence of the timing pulse C2 and a pcm signal that is at level 1 produces a negative pulse and sets the
output flip-flop in a manner similar to that described for 48-channel operation. To avoid the possibility of
reading out from the storage element when a pcm bit is being read in, the read-in bracket pulse, discussed in
paragraph 2. 11. 1c is compared with the readout pulse for the storage of signal S1. Theread-in bracket pulse
is applied through terminal 13 of jack ,J15 to pin . 5 of gate Z8. To derive the readout pulse for the S1 signal
storage element in gate Z10, pin 8 of Z1 is connected to pin 8 of Z8. Pin 3 of Z2 is connected to pin 9 of Z8
and the clock pulse C2 is connected to pin 7 of Z8. The output from pin 10 of Z8 is connected to driver
transistor Q8. Therefore, the output at the collector of transistor Q8 is a positive pulse occurring at the time
when the storage element S2 signal is being read into the flip-flop with clock pulse C1. This output is applied to
pin 4 of gate Z8. When a coincidence occurs between the read-in bracket pulse and the readout pulse for
storage signal S1, a negative-going pulse is formed at the output of gate Z8, pin 2. This pulse is applied to the
clear-direct input, pin 4, of flip-flop Z9. This places the output at pin 3 of flip-flop Z9 into a level O state and
inhibits gate Z5A. This output is also applied to pin 2 of Z9, the set level input. When the next clock pulse
from the collector of transistor Q7 appears, there is no output at pin 2 of gate Z5 and the gate is inhibited by the
0 level at pin 4. However, this output is also applied to pin 10 of flip-flop Z9, the toggle input, and the state of
the Z9 flip-flop is inverted. Therefore, pin 4 will go to its normal 1 state, the next clock input to gate Z5A will
enable it, and the next clock pulse will pass through unaffected. However, if there still is a coincidence of the
read-in bracket pulse and the readout pulse, this action will be repeated until no coincidence exists between
these pulses. If there should be a failure of the PCM IN-2 or TIM IN-2 train in 96-channel operation, a high dc
level is applied to terminal 19 of jack J15 (pcm-2 inhibit). This signal is applied to pin 2 of single-shot
multivibrator Z4. This high level essentially inhibits the C2 timing pulse, and the operation of panel 4A2
becomes similar to that for 48 channels.

f. 96R-Channel Operation. For 96R operation the inputs to the panels are at the interleaved rate, 4,608 kc,
and there is no need to use the storage scheme employed in 961 and 96S operation. A low dc level at terminal
1 of jack J15 (961 and 96S), from the TRAFFIC SEL switch, is applied to pin 9 of gate Z13 and pin 5 of gate
Z11. This inhibits the readout flip-flop control gates of the storage elements. A high level at terminal 12 of jack
J15 (96R sel) is applied to pin 5 of gate Z15 and pin 9 of gate Z7. Another input to pin 7 of gate Z7 is the pcm-
2 signal from terminal 11 of jack J15. The pcm in-1 signal via terminal 16 of jack J15 is applied to pin 7 of
gate Z15. The PCM IN-1 and Pcm IN-2 inputs are identical (B, fig. _2-7. 2), since they are derived from a
single source outside the TD-203/U. The pcm-1 signal is sampled by the C1 clock pulses, while the pcm-2
signal is sampled by the C2 clock pulses. Since these pulses occur at the 2,304 kc rate, and are interleaved
when combined, they effectively sample the pcm at the 4,608 kc interleaved rate. The output flip-flop is set
and reset at this rate as in interleaved operation, except that the Acme signal is derived directly from panel
4A10, instead of via the storage elements.

2-12. Receiver, Panel 4A3 (5A3) (figs. 6-22 or 6-29)

a. General. Receiver panel 4A3 (5A3) receives and processes the pcm and order-wire signals. The
receiver panel performs the actual regeneration of the pcm signal and aids in recovering the order wire from
the composite radio signal. Panel 4A3 (5A3) essentially consists of the following circuits: video amplifier,
clamp, peak detector, and decision circuit.

(1) 48- (12-) channel operation. During 48- (12-) channel operation, the principal input signal is a filtered
binary signal at a 2,304-kc (576-kc)
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rate. The from radio rcvr signal enters the panel at terminal 2 of jack J8 and is applied to the video amplifier
circuit (b below) and to terminal 8 of jack J8 (rcvd radio signal). In addition, two dc input signals of the same
level (decision level No. 11 and decision level No. 2) and a 2,304-kc (576-kc) timing signal (decision timing)
enter the panel at terminals 11, 12, and 24, respectively. These signals are applied to the decision circuits (e
below).

(2) 96- (21-) channel operation. During 96- (24-) channel operation, panel 4A3 (5A3) operates in the same
manner as for 48-channel operation. However, the principal signal input is a filtered binary signal and the
frequency of both the from radio rcvr and decision timing signals is 4,608 kc (1,152 kc). Also, the do levels of
the decision level No. 2 signal inputs to the decision circuits are not the same.
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b. Video Amplifier Circuit. The video amplifier consists of transistors Q1 through Q4. The incoming from
radio rcvr signal from terminal 2 of jack J8 is applied through RL potentiometer R2, which is used to adjust the
level of the incoming signal, to the base of transistor Q4. The collector output of transistor Q4 is coupled back
through a low-frequency compensation network (capacitor C5 and transistor Q3) to the emitter of transistor Q4.
The emitter output of transistor Q4 is divided into two branches. One branch is applied through a high-
frequency compensation network to the emitter of transistor Q1. The high-frequency compensation network,
consisting of capacitor C4, resistors R7 and R8, and inductor L1, shapes and stabilizes the frequency response
and gain of the video amplifier. The other branch of the emitter output of transistor Q4 is applied through
capacitor C36 (C6) as a low-impedance driver input to the clamp circuit (c below).

c. Clamp Circuit. The clamp removes the order-wire signal from the composite signal. The pcm remaining
after the order wire has been removed is applied to the stages that follow. The order-wire signal (A, [fig. 2-8}is
originally added to the pcm (B, at the distant radio set to produce the composite signal (C, [fig. 2-8).
The clamp circuit consists of diodes CR1 and CR2 and transistors Q5,Q6, and Q7.

(1) Operation. When the amplitude of the composite signal attempts to rise above the positive voltage
at the junction of diode CR1 and capacitor C6(C7), diode CR1 conducts to prevent the rise. When
the composite signal attempts to fall below the negative voltage at the junction of diode CR2 and
capacitor C7 (C8), diode CR2 conducts to limit the negative excursion. The upper and lower limits
are established by the potential across resistor R18. When the diodes are not conducting, a voltage
drop is developed across resistor R18.

(2) Outputs. The from radio rcvr signal without the order wire is applied to the base of transistor Q5.
Transistors Q5, Q6, and Q7 minimize loading of the clamp circuit by the stages that follow. The
pcm signal is taken from the emitter of transistor Q7 and divided into five branches: one branch is
peak-detected and applied as a monitoring output (from radio rcvr meter) to terminal 7 of jack J8;
another branch (clamped radio) is applied as an output to terminal 9 of jack J8. The remaining
branches of the clamped circuit output are applied to the bases of transistors Q30 and Q34 of the
peak-detector circuits (d below) and to the bases of transistors Q8 (Q10) and Q28 of the decision
circuits (e below).

d. Peak-Detector Circuits. Transistor Q30 is the initial stage for the positive peak detector; transistor Q34 is
the initial stage of the negative peak detector. In these circuits, the upper and lower limits of the pcm signal are
used to establish a single dc signal (binary level) during 48- (12-) channel operation, or two dc levels (ternary
pos level and ternary neg level) during 96-(24-) channel operation. The positive peak detector establishes an
upper voltage level to represent an amplitude average of the positive-going peaks of the pcm signal waveform.
The negative peak detector establishes a lower voltage level to represent an amplitude average of the
negative-going pulses. The two circuits are similar; however, the negative peak detector basically differs from
the positive peak detector in that diodes CR19 (CR20) and
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Figure 2-8. Composite signal (pcm and order-wire) waveforms
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CR20(CR21) are reversed and, in some cases, resistance values and biasing points also differ.

(1) Positive peak detector. The positive peak detector consists of transistors Q30 through Q33.
Transistors Q30 and Q32 act as a differential amplifier that constantly compares the incoming pcm
signal with its positive peak voltage. The input for the base of transistor Q30 is the pcm signal.
Normally, the base of transistor Q30 is more negative than that of transistor Q32; as a result.
transistor Q30 conducts and its collector is positive. If the peak of the pcm signal goes more
positive than the base of transistor Q32, the emitter current is switched to the emitter of transistor
Q32. This causes the collector of transistor Q30 to go negative, thus permitting transistor Q31 to
conduct. The collector of transistor Q31 goes to 0 volt. When the pcm returns to a more negative
level than the base of transistor Q32, transistor Q30 again conducts and drives transistor Q31 to
cutoff. The collector of transistor Q31, in turn, goes from 0 volt to -4. 5 volts.

(2) Peak-detector outputs. The dc output of the positive peak detector is taken from the emitter of
transistor Q33 and applied to voltage-dividing network R83(R82), R85(R84), and R87(R86); to
voltage dividing network R84 (R83) and R86 (R85) . and through resist A" R82 (R81) to terminal 31
of jack J8 as a monitoring signal, designated ternary positive level meter (SF(A)). The dc output of
the negative peak detector is taken from the emitter of transistor Q37 and applied to the opposite
ends of the two voltage dividing networks, and to terminal 30 of jack J8 as a monitoring signal,
designated ternary neg level meter (SF(A) ).

(3) Voltage divider outputs. The voltage divider outputs leave panel 4A3 (SA3), but are eventually
returned for use in the decision circuits. The center level signal at the arm of CL potentiometer R85
(R84) is applied to terminal 26 of jack J8 (center level). The output of PL potentiometer R84(R83)is
applied to terminal 27 of jack J8 (ternary pos level). The output of NL potentiometer R86 (R85)is
applied to terminal 28 of jack J8 ( ternary neg level ). A dc signal is taken from a point between PL
potentiometer R84 (R83) and NL potentiometer R86 (R85) and applied to terminal 29 of jack J8
(binary level).

e. Decision circuits. The decision circuits restore the pcm to the condition that existed when the signal was
initially transmitted. An idealized waveshape is shown in A, [fiqure 2-9.] When the pcm is transmitted over the
radio, the higher frequencies are filtered and the corners rounded off (B, fi This waveshape is
designated as filtered pcm, because the higher frequencies have been effectively filtered by the radio. Also, as
the signal passes through the transmission media and the receiver, noise is picked up on the pcm (C,[fig. 2-9).
To restore the pcm signal to its original condition, the two decision circuits sample the signal and produce
pulses which are applied to a flip-flop to reproduce the transmitted signal. One decision circuit produces the
logic 1 pulses and applies them to one side of the flip-flop; the other decision circuit produces the logic 0 pulses
and applies them to the other side of the flip-flop. The decision circuit which produces logic 1 pulses consists of
transistors Q8 through Q13, as shown in The pcm signal output of the clamp circuit is applied to
the base of transistor Q8 (Q10). The decision timing signal from terminal 24 of jack J8 (decision timing) is
applied
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Figure 2-9. Typical pcm waveforms.
2-17



TM 11-5805-367-35/1

]
LOGIC I'S T T0 FF
‘ M
— .3
10,0
SUFFER BUFFER
R20(R27) R24 (R23) £ 8
AN Pl qi0(q8)
CR3

[
s & B QI2
FLIP FLOP E

NG PULSES

C c
%Ia Q8 (010 a3 (an 'I‘— NOTE: REFERENCE DESIG-

NATIONS IN PARETHESES
INDICATE PANEL SA3 COM-

DIFFERENTIAL AMPLIFIER PONENTS WHICH DIFFER
g FROM PANEL 4A3 COM-
PONENTS.
+10VvOLTS

gCISION LEVEL

TMS808-367-38/1-10

Figure 2-10. Pane! 413 (543) decision circuit, block diagram.

through amplifier transistor Q14 (Q20) to the emitter of transistors Q9 and Q12. The decision level No.1
signal from terminal 11 of jack J8 is applied to the base of transistor Q13 (Q11). During 48-(12-) channel
operation, the same signal is fed to the other decision circuit via terminal 12 of jack J8 as decision level No.2.
During 96- channel operation, however, two different decision levels are used. The circuit that produces logic

O's operates in a similar manner.

(1) Operation. Transistors Q8 (Q10) and Q13 (Q11) operate as a modified differential amplifier; the

voltage at the base of transistor Q13(Q11) is constant, and the voltage at the base of transistor Q8
(Q10) varies with the pcm signal. This circuit compares the pcm signal with the decision level
signal. When the amplitude of the pcm signal is more positive than the decision level, transistor
Q13 (Q11) conducts; when less positive, transistor Q8 (Q10) conducts. As a result, the pcm signal
is sliced; the upper half of the waveform appears at one collector, and the lower half appears at the
other collector. The signal is sliced to assure that the pulses are definitely of one polarity or the
other before they are sampled in the succeeding stages. Any pulses of dubious polarity could upset
the operation of transistors Q9 and Q12, which operate as a flip-flop. The outputs of transistors Q8
(Q10) and Q13 (Q11) are applied to each side of flip-flop transistors Q9 and Q12. To prevent
loading, transistors Q10 (Q8) and Q11 (Q13) are inserted in the feedback circuits to act as buffers
(fig. 2-lo). The states of the flip-flop are governed by the inputs to the flip-flop bases from the
collectors of transistors Q8 (Q10) and Q13 (Q11). The timing pulses at the emitters of transistors
Q9 and Q12 appear at the collectors of Q9 or Q12 and pass through buffer transistor Q10 (Q8) or
Q11 (Q13) as feedback signals and as outputs. A conventional flip-flop produces
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square-wave outputs, but the decision circuit produces pulsed outputs.

(2) Outputs. The logic 1 pulses are produced at the emitter of transistor Q11 (Q13) when the pcm signal
is positive With respect to the decision level at transistor Q8 (Q10). They are clamped to ground by
diode CR5 ( CR8), and applied through amplifier transistor Q15 (Q16) to one side of flip-flop Q18
(Q17) and Q20 (Q19). The logic O pulses are furnished by the second decision circuit. The logic 0
pulses are developed at the emitter of transistor Q24, when the pcm signal is negative with respect
to the decision level at transistor Q27. They are clamped to ground by diode CR9 (CR12) and
applied through amplifier transistor Q21 to the other side of the flip-flop.

f. Flip-Flop Circuit. Transistors Q15, Q18, Q20, and Q21 (Q16, Q17, Q19, and Q21) form a modified flip-
flop circuit, which operates in a manner similar to that of a pcm pulse reshaper (pare 2-11). This flip-flop circuit
converts the logic 1 and O pulses to square-wave pcm. The restored pcm signal (recovered pcm-1) is taken
from the collector of amplifier transistor Q15 (Q16) and applied to the base of buffer transistor Q22. The
emitter output of transistor Q22 is divided into two branches: one branch, designated recovered pcm-1, is
applied through dc shifting network R49 (R47) and C17 (C18) to terminal 22 of jack J8; the other branch,
designated recovered pcm-1 meter (SF(G)), is converted to a dc voltage in a peak-detector circuit and applied
as a monitoring output to terminal 25 of jack J8. An inverted restored pcm signal, desighated as recovered
pcm -2, is taken from the collector of transistor Q21 and applied to terminal 20 of jack J8.

g. Analysis of Biternary Waveform. An example of a single binary wavetrain with its filtered counterpart is
shown in A, The wave excursions, although rounded off, just reach one level or the other during a
timing period and dwell long enough above or below the center level for the timing pulses to perform their
functions. During the 48- (12-) channel sampling process, the waveform need only be divided into two regions
to reproduce the signal. In 96- (24-) channel operation, two binary trains (A and B, are interleaved to
produce a double binary train (C,[fig._2-11)) at twice the rate of the 48- (12-) channel waveform. Therefore, due
to the filtering, two consecutive digits (either 11 or 00) are required so that the filtered signal can reach the
amplitude extremes. When the porn signal consists of alternate digits (1, 0), the filtered signal falls midway
between the extremes, and does not reach the extremes until two consecutive digits occur. Thus, it is the
filtering of the binary waveform that produces the biternary, or 3-level, signal in 96- (24-) channel operation.
Since the mid region signals occur so close to the center of the extremes, a center-level voltage is insufficient
to separate the indefinite pulses. Consequently, in 96- (24-) channel operation, it is necessary to divide the
waveform into three regions to reconstruct the original pcm. This is accomplished with the outputs from the
positive and negative peak detectors, designated as decision level No. 1 and decision level No. 2. In the
decision circuits, biternary waveform excursions (A, fig.__2-12) lthat rise above decision level No. 1 are
separated as logic 1 pulses. The excursions that fall below decision level No. 2 are separated as logic O's.
When the biternary waveform is the center region, the pcm is in transition from its previous state. To separate
a mid-region pulse, simultaneous complement pulse outputs of the decision circuits develop a single
complement pulse in transistors Q10 (Q8) and Q23. This pulse is applied through transformer T1 to the flip-
flop to change it from its previous state. Figure 2-12 shows five possible conditions of the relationship of the
input to the output of the two decision circuits. If the pcm contains a row of logic 1 pulses (11), the waveform
peak remains in the upper region and can be readily sampled to produce set pulses (A, The
indefinite complement pulse output of transistor Q23 can perform no action while acting alone. If the pcm
signal contains a row of logic O pulses (0 0), the waveform peak remains in the lower region and can readily
produce reset pulses (H,_fig. 2-1P). If the waveform (B[fig. 2-12) goes from a logic 1 pulse to a logic 0 pulse
(2 0, 0 1), the waveform excursion does not reach the opposite extreme, but falls midway between the
extremes. Since the pulse has not fallen in the upper region, it cannot be sampled as a logic 1 pulse, and there
is no output at the emitter of transistor Q11 (Q13).
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The indefinite complement output of the first decision circuit, however, drives the base of transistor Q10 (Q8)
more positive. Since the pulse has not fallen in the lower region, the pulse cannot be sampled as a logic 0
pulse. In addition, there is no output at transistor Q24 of the second decision circuit, but the complement action
drives the base of transistor Q23 positive. The emitters of transistors Q10 (Q8) and Q23 are tied together and
act in a manner similar to that of the differential amplifier. In this case, however, both transistors must tend to
go toward shutoff simultaneously before any useful output is produced. This is accomplished when the two
indefinite outputs simultaneously arrive at the bases of the transistors Q10 (Q8) and Q23. The transistors shut
of f and the voltage drop across resistor R56 (R54) is reduced, so that a positive pulse is produced. This
complement pulse, after passing through transformer T1 and a stage of amplification, is applied to both sides of
flip-flop transistors Q18 (Q17) and Q20 (QI9). The complement pulse changes the flip-flop to its alternate state.
If the next pulse is a logic | pulse, the waveform falls again in the mid region (C, f and the process is
repeated. The complement output changes the flip-flop to its alternate state to set the flip-flop. If the next
pulse is a logic 0 pulse, the waveform excursion still remains in the mid region (D, fig. 2-12)land the process is
repeated. The complement pulse resets the flip-flop. If the next pulse is a logic O pulse, the waveform
excursion reaches the lower region (E, because two logic O pulses have occurred in sequence. In
this case, a definite logic O pulse appears at the output of transistor Q24 and is applied to the flip-flop. The
pulse is ineffective, however, because the flip-flop has already been reset by the previous pulse. In this
manner, the biternary signal
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converted back to the original interleaved binary waveform.

2-13. Timing Generator No. 1, Panel 4A4 (5A4) (fig. 6-23 (6-30))

a. General. Timing generator No. 1, panel 4A4 (5A4), develops timing signals for use in the receive
circuits. The timing signals aid in sampling, regeneration, signal operation, and frequency division in the panels
that comprise the receive circuits. To develop the timing signals, a radio signal input is compared with a dc
level signal input; the signals are sliced, differentiated, and rectified; shell the resulting timing signals are
buffered, amplified, inverted, and delayed before they are applied as outputs from the panel. Panel 4A4 (5A4)
consists of the crystal-filter drive, 48(12-) channel timing, traffic-alarm control, and radio signal detector.

(1) 48- (12-) channel operation. A 2,304-kc (576-kc) single binary pcm train, designated clamped radio
signal, and a dc center-level signal, designated center level, enter panel 4A4 (5A4) at terminals 27
arid 25 of jack J6 (J3), respectively. The incoming clamped radio signal is divided into two
branches: one branch is applied through tile crystal-filter drive circuit (b below) to the 48- (12-)
channel timing circuit (c below), and to the traffic-alarm control circuit (d below); the other branch is
applied to the radio signal detector circuit (e below). The incoming center-level signal is also
applied to the crystal-filter drive circuit.

(2) 96- (24-) charnel operation. During 96- (24-) channel operation, the Timing circuits operate in the
same manner as for 48- (12-) channel operation. However, the incoming clamped radio signal at
terminal 27 of jack J6 (J3) consists of a 4,6G8-kc (1,159-kc) single biternary pcm train. In addition,
the Outputs at terminals 7 and 13 of jack J6 ( J3) are not used during 96- (24-) channel operation.
The output at terminal 31 of jack J6 (J3) is used only during the 96- (24-) channel mode of
operation.

b. Crystal-Filter Drive Circuit. The crystal filter drive circuit converts the incoming clamped radio signal to
spiked pulses for application as a drive signal to the 48- (12-) channel timing circuit. The crystal-filter drive
circuit consists of the slicer and differentiation/full-wave rectifier.

(1) Slicer circuit. The slicer circuit consists of transistors Q1 through Q I; transistors Q1 and Q2 and
transistors Q3 and Q4 operate in pairs, and each pair acts as a differential amplifier. The incoming
clamped radio signal from terminal 27 of jack J6 (J3) and the incoming center level signal from
terminal 25 of jack J6 (J3) are applied to the bases of transistors Q1 and Q2, respectively. When
the pcm signal level rises above the value of the center level signal, transistor Q2 conducts and
produces an amplified, clipped, rectangular pulse. When the pcm signal level falls below the value
of the center level signal, transistor Q1 Conducts and produces an inverted version of the signal out
of transistor Q2. The rectangular output pulses from transistors Q1 and Q2 are direct-coupled to
slicer transistors Q3 and Q4, respectively. When either transistor Q3 or Q4 conducts, the
rectangular pulse output is fed to the differentiator/full-wave rectifier circuit ( (2 ) below)

(2) Differentiator/full-wave rectifier circuit. The differentiator/full-wave rectifier circuit consists of coils L1
and L2, resistors R5 and R6, and diodes CR1 and CR2. The differentiator portion of the circuit
converts the square-wave pulses to spiked pulses; the rectifier portion of the circuit passes only the
negative portions of the spiked inputs. The resulting output is a random train of 2,304-kc (576-kc)
timing pulses that are applied to buffer transistor Q5 and then to amplifier transistor Q6. The output
pulses of transistor Q6 are delayed 0. 025 nmsec (0. 2 nmsec) in delay line DL1 and coupled to buffer
transistor Q7. The output from the emitter of transistor Q7 is applied through capacitor C12 (C9) to
the filter FL1 of the 48- (12-) channel timing circuit (c
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below) and to the base of buffer transistor Q8. The output at the emitter of transistor Q8 is divided into two
parts: one part, designated xtal filter drive, is applied to terminal 31 of jack J6 (J3), which is only used during
96- (24-) channel operation. The other part of the transistor Q8 output, designated xtal filter drive meter ( SF
(B) ), is peak-detected by diode CR5 and capacitor C8, and applied to terminal 17 of jack J6 (J3) as a
monitoring output.

C. 48- (12-) Channel Timing Circuit. . The 48(12-) channel timing circuit provides timing to the transmit and
receive circuits during 48-(12-) channel operation. The timing circuits consist of a filter, phase shifter, and
pulse generator.

(1) Filter network. The filter network consists of crystal filter FL1, buffer transistor Q12 (Q9), and
amplifier transistor Q13 (Q10). The output of buffer transistor Q7 is a random train of spiked pulses
that are filtered by filter FL1, producing a 2,305-kc (576-kc) sine wave at the input of buffer
transistor Q12 (Q9). The signal is amplified and inverted by transistor Q13 (Q10). In panel 4A4, the
output of transistor Q13 passes through a resonant parallel-tuned circuit before being applied to the
phase-shifter network; however, in panel 5A4, the output of transistor Q10 is applied direct to the
phase-shifter network. Tuned circuit L4, C22, and R28 amplifies only the selected bandwidth and
further suppresses unwanted frequencies.

(2) Phase-shifter network. The phase-shifter network consists of buffer transistor Q14 (Q11), transformer
T1, capacitor C16 (C13), and adjustable resistor R32 (R25). The inverted sine-wave output of
transistor Q13 (Q10) is applied to the base of buffer transistor Q14 (Q11). The output is taken from
the emitter and applied to the primary winding of transformer T1. One phase of the output of
transformer T1 is connected to terminals 2 and 3 of PA resistor R32 (R25) through capacitor C16
(C13); the other phase is connected to terminal 1 of resistor R32 (R2B). Adjustment of PA resistor
R32 (R25) varies the phase of the signal at the base of transistor Q15 (Q12), with respect to the
signal at the base of transistor Q14 (Q11), from approximately -180° to approximately -60°. The
output of the phase shifter is applied to the base of transistor Q15 (Q12).

(3) Pulse generator. The pulse generator is a pulse amplifier consisting of transistors Q16 (Q13) and
Q17 (Q14), inductor L3, and diode CR9 (CR6); this circuit acts as a differential amplifier. The
buffered output of transistor Q15 (Q12) is applied to the base of transistor Q16 (Q13) . The output
from the collector of transistor Q16 (Q14) is differentiated by coil L3, and diode CR9 (CR6) removes
the positive spikes. The resulting negative pulses are buffered by transistor Q18 (Q15) and Q19
(Q17). The output of transistor Q18 (Q15) is applied to delay DL1, in which the negative pulses are
delayed 0. 1 ,nsec(0. 2 nsec). The delayed signal, designated 48-channel timing-2 (12-channel
timing-2), is buffered by transistor Q20 (Q16) and applied as an output signal to terminal 13 of jack
J6 (J3). The undelayed signal, designated 48-channel timing-1 (12-channel tinming-1 ), is taken
from the emitter of transistor Q19 (Q17) and applied as an output signal to terminal 7 of jack J6 (J3).
The timing-1 and timing-2 signal outputs are phased 180° apart.

d. Traffic-Alarm Control Circuit. The traffic alarm control circuit provides an alarm signal if the incoming
radio signal fails or a failure occurs in the 48- (12-) channel timing circuit. The output of amplifier transistor
Q13 (Q10), in addition to providing the input signal to the phase-adjust network, aids in energizing traffic-alarm
relay K1 during 48- (12-) channel operation (pare 2-20 b). The traffic-alarm control circuit consists of buffer
transistor Q9 (Q18), a detector, and driver transistor Q11 (Q19). The output of transistor Q13 (Q10) is applied
through buffer transistor Q9 (Q18) to positive peak detector CR6 (CR8), CR8 (CR7), C11 (C17), C19 (C20),
R21 (R35), and

2-23



TM 11-5805-367-35/1
(C17)

R22 (R36). The positive charge developed on capacitor C11 provides the positive bias for driver transistor
Q11 (Q19) which conducts and provides an output signal, designated traffic alarm control. at terminal 1 of jack
J6 (J3). When the incoming radio signal is lost or a failure occurs in the 48- (12-) channel timing circuit,
capacitor C11 (C17) discharges and the positive bias at the base of transistor Q11 (Q19) is shut off, thereby
inhibiting the traffic-alarm control signal output.

e. Radio Signal Detector Circuit. The radio signal detector circuit provides a dc signal which aids in
energizing the traffic-alarm relay during normal 48- (19-) channel operation (pare 2-20b). The detector circuit
consists of buffer transistor Q10 (Q20), diodes CR10 and CR11, and driver transistor Q21. The incoming
clamped radio signal from terminal 27 of jack J6 (J3) is applied to buffer transistor Q10 (Q20). The output from
transistor Q10 (Q20) is applied to a negative peak detector which operates the same as the positive peak
detector (d above). The output of the negative peak detector is applied to the base of drive transistor Q21.
The dc signal output from transistor Q21 (designated radio signal detector) is applied as an output signal to
terminal 15 of jack J6 (J3)

2-14. Timing Generator No. 2, Panel 4A5(5A5) (fig-6-24(6-31))

a. General. Timing generator No. 2, panel 4A5 (5A5), develops and amplifies timing signals for use in the
receive circuits. In addition, the panel contains a relay which deenergizes to give an alarm if the radio signal
fails or a failure occurs in the 96- (24-) channel timing circuit. Panel 4A5 (5A5) consists of the 96- (24-) channel
timing, decision timing, countdown timing, and traffic alarm.

(1) 48- (12-) channel operation. The crystal-filter drive signal at terminal 31 of jack J6 (J4) is not used
during this mode of operation. Two 9,304-kc (576-kc) negative-going pulse inputs and two dc signal
inputs are used during 48- (12-) channel operation. The pulse trains enter the panel at terminals 2
(1) and 19 of jack J6 (J4). The input designated 48/96 channel timing-1 (12/24 channel timing-1)
from terminal 19 is applied to the decision timing circuit (¢ below). The input, designated 48/96-
channel timing (12/24-channel timing-1) from terminal 2 (1), is applied to the countdown timing
circuit (d below). The dc signal inputs, designated radio signal detector signal and traffic-alarm
control. enter the panel at terminals 21 and 24 of jack J6 (J4), respectively. Both of these inputs
are applied to the traffic alarm circuit (e below).

(2) 96- (24-) channel operation. The crystal-filter drive signal at terminal 31 of jack J6 (J4) is used only
during 96- (24-) channel operation. This signal train consists of 4,608-kc (1,152-kc) random
positive-going pulses and is applied to the 96- (24-) channel timing circuit (b below). In this mode,
the decision timing, countdown timing, and traffic-alarm circuits operate in the same manner as for
48-(12-) channel operation. However, the frequency of both the 48/96channel timing-1 and timing-2,
and 12/ 24-channel timing-1 and timing-2 signal inputs is 4,608 kc and 1,152 kc, respectively.

b. 96- (24-) Channel Timing Circuit. The 96(24-) channel timing circuit develops and provides timing
signals for use in the receive circuits during 96- (24-) channel operation. The timing circuit consists of a filter,
phase shifter, and pulse generator.

(1) Filter network. The filter network consists of crystal filter FL1, buffer transistor Q1, and amplifier
transistor Q2. This network operates in the same manner as the 48- (12- ) channel filter network
(pare 2-13 c (1)). During 96-channel (24-channel) operation, however, this filter network produces a
4,608-kc (1,152-) sine wave.

(2) Phase-shifter network. The phase shifter network consists of buffer transistor Q3, transformer T1,
capacitor C5, and PA potentiometer R8 (R9). which is mounted on the panel edge and is used to
shift the phase of the signal. This network operates in the same manner as

2-24Change 2



TM 11-5805-367-35/1

the 48- (12-) channel phase-shifter network (pare 2-13c(2) ). During 96(24-) channel operation,
however, output of this phase-shifter network appears at the emitter of buffer transistor Q4. The
output is applied to the traffic alarm circuit (e below), buffer transistor Q11, and through capacitor
C6 to the pulse generator circuit ( (3) below).

(3) Pulse amplifier circuit. The pulse amplifier circuit consists of transistors Q6 and Q8, diode CR2, and
inductor L2 (transistors Q7 and Q8, diodes CR1 and CR2, and inductors L1 and L2). The output of
buffer transistor Q4 is applied to the base of transistor Q6 (Q7) which operates in conjunction with
transistor Q8 as a differential amplifier. The output of transistor Q8 is a negative-going spike pulse
which is connected to driver transistors Q7 (Q6) and Q9. Diode CR2 (CRT and CR2) clips the
positive overshoot. The output at the emitter of transistor Q7 (Q6) is designated 98-channel timing-
1 (24-channel timing-1) and the output at the emitter of transistor Q9 is designated 96-channel
timing-£ (24-channel timing-2). The outputs are connected to terminals 27 and 29, respectively, of
jack J4. Since the output pulses are derived from opposite polarities of the sine wave, the pulse
trains are 180° out of phase.

c. Decision Timing Circuit Decision timing circuit Q14 (Q12), Q15 (Q13), and Q16 (Q14), amplifies the
48/96-channel timing-1 (12/24channel timing-1) signal. The 48/96 channel timing-] (12/24-channel tirning-1)
signal, consisting of negative-going pulses, enters panel 4A5 (5A5) at terminal 19 of jack J6 (J4). This signal is
amplified by transistors Q14 (Q12) and Q15 (Q13), and applied to the base of buffer transistor Q16 (Q14). The
output from the emitter of transistor Q14 (Q16) is applied to terminal 6 of jack J6 (J4) (decision timing) and to
terminal 7 of jack J6 (J4) (decision timing meter (SFCF) ).

d. Countdown Timing circuit. Countdown timing circuit Q17 and Q18 amplifies the 48/96 channel timing-£
(12/24-channel timing-2 signal, which enters panel 4A5 (5A5) at terminal 2 (1) of jack J6 (J4) and is divided into
two branches: one branch, designated countdown timing, is applied through transistors Q17 and Q18 to
terminal 3 of jack J6 (J4); the other branch is applied through buffer transistor Q20 and a negative peak
detector to the base of amplifier transistor Q19. The output of transistor Q19, designated countdown timing
meter (SF(E) ), is applied as a monitoring output to terminal 1 (2) of jack J6 (J4).

e. Traffic-Alarm, Circuit. The traffic-alarm circuit provides an alarm signal if the incoming radio signal fails
or a failure occurs in the 96(24-) channel timing circuit. This circuit consists of relay K1, a positive peak
detector, and a delay network. A-12-volt dc bias from terminal 26 of jack J6 (J4) is applied to terminal 3 of
relay K1. The incoming radio signal detector signal from terminal 21 of jack J6 (J4) is applied to terminal 4 of
the relay coil. The incoming traffic alarm control signal from terminal 24 of jack J6 (J4) and the output of the
collector of transistor Q10 are applied to terminal 2 of the relay coil. The output of transistor Q4, in addition to
providing the input signal to the pulse generator circuit, aids in energizing relay K1 during normal 96 or 24-
channel operation|(para 2-20b). The timing alarm control circuit, consisting of a detector and transistors Q5
and Q10, operates in the same manner as the traffic-alarm control circuit (pare 2-13d). When relay K1
energizes, contacts 1 and 5 open and contacts 1 and 3 close. When contacts 1 and 3 are closed, a 12-volt bias
is applied to delay network R25 (R36) and C13 (C27). The charge on capacitor C13 (C27) biases the base of
transistor Q13 (Q16) into cutoff approximately 1 second after relay K1 deenergizes. With transistor Q13 (Q16)
cut off, transistor Q12 (Q15) is cut off. Simultaneously, a-12-volt dc bias is also applied to resistors R34 (R32)
and R40 (R41), causing transistors Q13 (Q16) and Q18 to cut off, thereby inhibiting the decision timing and
countdown timing outputs. When normal operation returns, relay K1 is energized, closing contacts 1 and 5
and opening contacts 1 and 3. Capacitor C13 (C27) rapidly discharges through resistor R24 (R35), diode CR12
(CR15) and pins 1 and 5 of relay K1 to ground. Transistors Q13 (Q16) and Q12 (Q15) conduct with a ground
potential at the base of transistor Q13 (Q16). The out put of transistors Q12 (Q15) is applied to terminal 20
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of jack J6 (J4) where it is designated delayed traffic alarm. The ground potential at contacts 1 and 5 of relay
K1 is also applied to resistors R34 (R32) and R40 (R41) enabling the decision circuit and countdown timing
outputs, and to terminal 28 of jack J6 (J4) where it is designated traffic meter (SF(P)).

2-15. Timing Generator No. 3, TD-202/U Panel 4A6/SA6 (fig. 6-25)

a. General. Timing generator No. 3 panel 4A6/5A6 provides timing signals for sampling the recovered pcm
and the address detection circuit. Panel 4A6/5A6 also provides the external timing out signals. It contains a
countdown timing circuit (b below), timing-1 control circuit (c below), timing-2 control circuit (d below), and 8-kc
control circuit (e below). The 8-kc control circuit is used during 24S operation only.

b. Countdown Timing Circuit. The countdown timing circuit converts a countdown timing signal and a
medium-traffic, skip-pulse signal to a medium-traffic, 8-kc control signal.

(1) The countdown timing signal, a 576-kc positive pulse train, is applied through capacitor C1 and
resistor R1 to a frequency-doubler stage. Each positive spike applied to the base of transistor Q1
appears as a negative spike at the collector. The negative spikes are coupled through capacitor C2
and applied to the base of the transistor Q2. The positive spikes (1. 74 msec apart) appearing at
the collector of transistor Q2 are applied to diode CR1 and delay line DL1. A positive spike applied
to delay line DL1 is reflected back to diode CR1 as a negative spike with a 0. 44-usec delay. Since
diode CR1 appears as an open circuit to the negative spike, it is reflected back into delay line DL1,
which then reflects back to positive spike delayed an additional 0. 44 msec Since the total delay is
0. 88 msec, the delayed spikes combined with the original spikes provide a 1,152-kc output
frequency. For detailed functioning of delay lines, refer to TM 11-672.

(2) The 1,152-kc positive-going spikes are coupled through capacitor C3 to the base of amplifier Q3. The
amplified and inverted signal is applied to terminal 2 of pulse shaper Z1. The medium-traffic 8-
control signal (1,152-kc positive pulses), developed by pulse shaper Z1, is coupled through
capacitor C5.

(3) During 24S operation, skip pulses are developed by the address signals to shift the timing until the
trains are properly separated. The medium-traffic, skip- pulse signal is coupled through capacitor
C4 and diode CR3 to flip-flop Z2. When no skip pulse is present, inhibitor Q4 is cut off. When a
skip pulse is present, flip-flop Z2 changes state and inhibitor Q4 conducts, eliminating an output
pulse from the medium-traffic 8-kc control signal. The next pulse from terminal 8 of pulse shaper
Z1 is coupled through capacitor C6 and diode CR4 to reset flip-flop Z2, and transistor Q4 is again
cut off. This deletes one pulse to the countdown chain and shifts the 8-kc address signal 0. 87
msec The address signals generate skip pulses until correct separation is established.

c. Timing-1 Control Circuit. The timing-1 control circuit converts a high/medium-traffic timing-1 control
signal (576-kc square wave) to the timing out-1 signal, a timing A signal, and timing out-1 meter monitoring
voltages for high and medium traffic. The H/M traffic timing-1 control signal is coupled through capacitor C7 to
pulse shaper Q5. Coil L1 and diode CR6 make up a pulse-shaping network. Buffer Q6 isolates the timing A
output from pulse shaper Q5; the output from pulse shaper Q5 is applied to terminal 2 of pulse shaper Z3. The
576 kc pulse generated by pulse shaper Z3 is applied to terminal 21 of jack J7 as the timing out-1 signal.
Capacitors C8 and C9, diodes CR8 and CR9, and resistors R21 and R22, comprise a meter voltage peak
detector.

d. Timing-2 Control Circuits. The operation of the timing-2 control circuit is identical with that of the timing-1
control circuit (c above) except that their corresponding input signals are 180° out of phase.

e. 8-Kc Control Circuit. The 8-kc control circuit converts the high/medium-traffic 8-kc control
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signal to a medium-traffic timing-1 control signal, a medium-traffic timing-2 control signal, an 8-kc address-1
signal, an 8-kc address-1 meter signal, an 8-kc address-2 signal, and an 8-kc address-2 meter signal. In the
TD-202/U, the 8-kc control signal is a train of square pulses at a pulse repetition rate of 1,152 kc

(1) 1,152-kc signal (AL fig. 2-1B) applied to terminals 3 and 9 of flip-flop Z4 is converted to two 576-kc
square-wave complementary signals at terminals 2 and 10 (B, fig. 2-13).| These outputs become
the medium-traffic timing-1 control and the medium-traffic timing-2 control signals.

(2) The 576-kc square-wave signal is coupled through capacitor C18 to pins 3 and 9 of flip-flop Z5, and
through differentiating circuit C25 and R24, to the base of feedback gate Q8 (C, flg. 2-13)] The
terminal 2 output of flip-flop Z5 (D, is applied through capacitor C19 to terminals 3 and 9
of flip-flop Z6, and through register R23 to the base of feedback gate Q7. The output from terminal
10 of flip-flop Z6 (E, fig. 2-13) lis applied to the base of feedback gate Q9. When simultaneous
negative pulses appear at the bases of feedback gates Q7, Q8, and Q9, a positive spike (G. fig. 2-
13), is applied through diode CR10 to change the state of flip-flop Z5. Comparing the terminal 2
output of flip-flop Z6 (F.[fig. 2-138) with the input to flip-flop Z4 (A, shows that flip-flop Z4,
Z5, and Z6, and feedback gates Q7, Q8, and Q9 make up a divide-by-six function. The output
applied through capacitor C20 to terminals 3 and 9 of flip-flop Z7 is therefore 192 kc.

(3) Flip-flops Z7 and Z8 perform divide-by-2 functions: the output applied through capacitor C22 to
terminals 3 and 9 of flip-flop Z9 is 48 kc.

(4) Flip-flops 29, 7210, and Z11, and feedback gates Q12, Q13, and Q14 form a divide by 6 function, with
a resultant complementary output of 8 kc at terminals 2 and 10 of flip-flop Z11. Buffers Q15 and
Q16 provide isolation for the 8-kc address-2 and 8-kc address-1 signals, respectively. Resistors
R42 and R45 couple the 8-kc address-1 and 8-kc address-2 metering signals to the meter circuit.

2-15.1. Timing Generator No. 3, TD-203/U Panel 4A11 (fig. 6-25. 1)

a. General. Timing generator No. 3 panel 4A11 provides the high traffic timing signals for sampling the
recovered pcm and the address detection circuit in the receive section of the TD- 203/U. It contains tim out 1/
timing A generator, tim out-2/ Timing B generator, and the B-kc address generator. The 8-kc address circuit is
used during 96S operation only.

b. Tim Out-1/Timing A Generator. This circuit develops the 2,304-ko tim out-1 and 2,304-kc timing A pulse
signals as follows. The_timing-1 control signal, a continuous train of 2,304-kc positive going pulses, is coupled
through capacitor C5 to pulse shaper transistor Q1. Pulse shaper transistor Q1, with coil L1 and diode CR1 in
the collector circuit, shapes and inverts the timing-1 control signal, forming a 2,304-kc pulse train of negative
pulses. This signal is applied to two circuit branches; one branch feeds through buffer Q2 to terminal 20 of jack
J7, where it becomes the timing A signal; the second branch is applied to terminal 2 of pulse shaper Z1. Pulse
shaper Z1 converts the negative pulses to sharp positive spikes and applies the signal to two branches one
branch la applied through terminal 21 of Jack J7 as the_tim out-1 signal; the second branch passes through
capacitor C6 to voltage doubler diodes CR4 and CR5 and resistor R5, producing a dc voltage at terminal 15 of
Jack J7, which is the tim out-1 monitoring signal.
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c. Tim out-2/timing B Generator. The operation of the tim out-2/timing B generator circuit is identical with
that of the tim out-1/ timing A generator circuit (b above), except that the pulses in the timing-2 control input
signal are delayed 0. 2 microseconds with respect to those in the timing-I control input signal.

d. 8 kc Address Generator. This generator develops the 8 kc address-1 and -2 framing signals. It consists
of a countdown chain, retiming, and output circuit.

(1) Countdown chain. This circuit performs a divide by 144 function in eight steps as follows.

(a) The 8 kc control signal, a continuous train of 1,152-kc square pulses ((B,[fig 6-19.1) is fed from
terminal 4 of jack J7 to terminals 3 and 9 of flip-flop Z3. Flip-flop Z3 converts the 1,152-kc signal to a 576-kc
square pulse signal which appears at terminal 2 of Z3 (C[fig 6-19.1). The 576-kc signal is fed from terminal 2
of Z3 to three branches; one branch feeds to buffer transistor Q5; a second branch is applied to feedback gate
Q10; the third branch is fed through capacitor C14 to terminals 3 and 9 of the second countdown element flip-
flop Z4. If this were the only input to flip-flop Z4, it would divide by 2 producing a 288-kc signal. However, a
second input to Z4, a 192-kc pulse signal applied at terminal 2 causes Z4, in effect, to divide by 1. 6 producing
a complex pulse sequence (D[ fig. 6-19.] 1) which contains positive-going trigger edges at a 384-kc regular
rate. This signal feeds through capacitor C15 to terminals 3 and 9 of the third countdown element flip-flopping
trigger edges producing complement 19274 which counts down the 384 kc positive-go kc square pulse signals

at terminals 2 (E, [fig. 6-19.1) and 10 of Z5.

(b) The 192 kc pulse signal applied to terminal 2 of Z4 is generated in feedback gate transistors Q8, Q9,
and Q10. Gate input signals to the base of transistors Q8, Q9, and Q10 are as shown in[figure 2-13.1.] When
simultaneous negative pulses appear at the bases, a sharp positive pulse (4[ fig 2-13.1) is generated and fed
through diode CR11 to change the state of flip-flop Z4, thus producing waveform D, [figure 6-19.1]

(c) Flip-flops Z6 and Z7, the fourth and fifth countdown elements each perform a divide by 2 function. The
terminal 2 output of each is shown as waveforms E, and F respectively, inffigure 6-19.1

(d) Flip-flop Z8, the sixth countdown element and feedback gates Q11, Q12, and Q13 combine to perform
a divide by 1.5 function producing waveform G. Flip-flop Z9 the seventh countdown element,
performs a divide by 2 function waveform J. The operation of flip-flops Z8 and Z9 and feedback
gates Q11, Q12, and Q13 is similar to that described for flip-flops Z4, Z5 and feedback gates Q8, Q9, and Q1Q
in (a) and (b) above.

(e) The output of flip-flop 29, a complex pulse sequence containing positive-going trigger edges at a 16-kc
regular rate, drives the eighth countdown element flip-flop Z10 producing an 8 kc square pulse signal at

terminals 2 and 10 of Z10 (J. K,|fig 6-19.1).

(2) Timing and output circuits. These circuits operate to accurately retime and condition the output of flip-
flop Z10.

(a) Timing-1 control signal (5, feeds through buffer Q5 to the base of gate transistor Q6; the 576-
kc signal from terminal 2 of Z3 feeds through buffer Q7 to the cathode of diode CR8. The 2,304-kc pulses are
gated through diode CR8 under control of gate transistor Q6 driven by 576-kc square pulse signal. The gated
pulses (7[fig 2-13.1)) are fed to the trigger input of flip-flop Z11. The level set inputs of flip-flop Z11, terminals
1 and 11, are driven by the output from terminals 10 and 2, respectively (K, L, of 210. As indicated
in M, figure 6-19. 1, sampling flip-flop Z11 is triggered only by the first pulse after the level inputs change state,
generating complementary 8-kc square pulse output at terminals 2 and 10 of Z11 (O, N.[fig 6-19.1). All other
input pulses have no effect on the output of Z11.
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(b)) Delay line DL 1 inserts a slight delay in the 8-kc address-1 signal to insure proper operation of the
recovered pcm sampling circuit in panel 4A8/5A8. Buffer Q15 isolates the delay line and Z11. Buffers Q14
and Q16 provide isolation for the 8-kc address-2 and 8-kc address-1 signals, respectively. Resistors R32 and
R39 couple the 8-kc address-1 and 8 kc address-2 metering signals to the meter circuit.

2-16. Order-Wire Panel 4A7/5A7 (fig. 6-26)

a. General. Order-wire panel 4A7/5A7 provides facilities for recovering the radio orderwire signal. The
radio order wire is an auxiliary communications link used by maintenance and supervisory personnel to
communicate between stations during maintenance, alignment, and troubleshooting. The order-wire signal (A,

is transmitted by adding it linearly to the outgoing pcm (Bl fig. 2-8)|in

the transmitter section to produce a composite (C| fig, 2-8)|of the two signals. In the receiving station, the
composite signal is passed by the radio, to the TD-202/U or TD-203/U, where the order-wire signal is separated
from the composite signal and is returned to the radio receiver section.

b. Circuit Analysis. The order-wire signal is recovered in the subtractor circuit, where the pcm portion of the
received radio signal (recd rad sig) and the recovered pcm-2 signal cancel out, leaving the order-wire signal.
The recd rad sig enters the panel at terminal 7 of jack J5. The recovered pcm-2 signal enters the panel at
terminal 31 of jack J5.

(1) Received radio signal. The incoming recd rad sig is applied to transistor Q15 and then to filter network
L3, R32, and C21. The filter network removes the higher frequencies of the signal to match it with the
recovered pcm-2 signal entering the other side of the subtractor. The recd rad sig is applied to the
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Figure 2-13.1. 8-kc address generator, timing signals.
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base of transistor Q16. The emitter output of Q16 is applied, through rc network R35, C22, to the emitter of
transistor Q17. The composite signal (pcm plus order wire) is then compared with the recovered pcm-2 signal
which has been similarly filtered. The difference appears at the collector of Q17 as the order-wire signal.
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(2) Recovered pcm signal. The incoming recovered pcm-2 signal at terminal 31 of jack J5, is divided
into two branches: one branch is applied to the base of buffer transistor Q2 for application to the
product detector; the other branch is applied to the base of gain-controlled amplifier transistor Q1.
In the gain-controlled amplifier, the signal amplitude is matched to that of the composite signal to
make the pulling in the subtractor more nearly complete. The signal at the emitter of transistor Q1
is applied to buffer transistor Q10, and then to filter network L2, R18, and C14. The filter network
removes the higher frequencies to match the signal with the pcm in the recd rad sig. The recovered
pcm-2 signal is then applied to subtractor transistor Q17 for comparison with the recd rad sig.

(3) Order-wire output. The order-wire output of the subtractor at the collector of transistor. Q17 is
applied to the product detector and the order-wire amplifier. If the order wire is devoid of pcm, the
signal is applied to the base of transistor Q11. The signal is taken from the emitter of transistor Q11
and applied to filter FL1, which removes the high frequencies. The order-wire signal is amplified by
transistors Q12 and Q13 and applied via terminal 15 of jack J5 (order wire level adjust) to order-wire
level adjust potentiometer R2 on the service facility panel. The signal is picked off by the
potentiometer arm and returned to terminal 6 of jack J5. The order-wire signal is then applied to the
base of transistor Q14, and the output at the collector is applied to the primary winding of
impedance matching transformer T2. The output of the secondary winding is applied to terminals 3
and 5 of jack J5, designated order-wire out-B and order-wire out-A, respectively. Another branch of
the output of the collector of transistor Q14 is converted to a negative dc voltage in a peak-detector
circuit and applied to terminal 1 of jack J5 (order-wire meter [SF (0) ] ); this signal is used for
monitoring.

(4) Product detector. If the level of the recovered pcm-2 signal into the subtractor is not equal to the
level of the pcm portion of the recd rad sig into the other side of the subtractor, pcm appears at the
collector of transistor Q17, together with the order-wire signal. If this occurs, the product detector
automatically adjusts the gain of the gain-controlled amplifier to eliminate the pcm. The secondary
branch of the subtractor output is applied to the base of buffer transistor Q5; the output at the
emitter is applied to the primary winding of transformer T1. The recovered pcm-2 signal (b above)
from receiver panel 4A3 (5A3) (pare 2-12) is divided into two branches, with one branch going to the
base of buffer transistor Q2. This signal is taken from the emitter of transistor Q2 and applied to
filter network L1, R2, and C1, which removes the higher frequencies. The output of the filter is
applied to driver transistor Q4, and then to a junction between the two secondary windings of
transformer T1 in the product detector. The product detector multiplies the composite signal with
the order-wire output of the subtractor and averages the product. If there is any unbalanced pcm in
the subtractor output, an unbalanced signal results at the output of the product detector. This
unbalanced signal is applied to the differential amplifier, which develops a control signal at the
collector of transistor Q9. The dc control signal at the collector of transistor Q9 is applied to the
base of transistor Q3 of the gain controlled amplifier. This circuit operates as a differential amplifier.
The recovered pcm-2 signal at the base of transistor Q1 is compared with the control signal at the
base of transistor Q3. When the voltage at the base of transistor Q1 goes more negative than that
of transistor Q3, transistor Q1 conducts and permits the signal to enter the subtractor. This action
tends to equalize the signal with
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that entering the other side of the subtractor, so that the pcm can be completely nulled out.

2-17. Output and Framing, Panel 4A8/5A8 |(fig. 6-27)

a. General. Output and framing panel 4A8/5A8 is the last panel of the receiving chain through which the
principal signal passes before it leaves the TD-203/U (TD-202/U). During 48- (12-) channel operation, the
panel regenerates the single binary signal. When the TRAFFIC SEL switch is set for 96R or 961 (24R or 241)
biternary repeater or interleaved operation, the panel regenerates the interleaved 96- (24-) channel train.
During 96S (24S) biternary separated operation, the 96- (24-) channel interleaved binary train is separated into
its two 48- (12-) channel single binary trains and sent out on separate lines to the radio.

b. Pcm Signal. The recovered pcm-1 signal enters the panel at terminal 19 of jack J9 and is divided into
three branches. The first branch, together with the timing A signal from terminal 14 of jack J9, is applied to the
differential pulse amplifier of the pcm-1 circuit ( (1) below ) . The second branch, together with the timing B
signal from terminal 9 of jack J9, is applied to the differential pulse amplifier of the pcm-2 circuit. This circuit
operates in the same manner as the pcm-1 circuit. The third branch, together with the 8-kc address-1 signal, is
applied to the differential pulse amplifier of the 8-kc address-1 circuit (c (1) below). This circuit is only required
for biternary separated operation.

(1) Pcm-1 circuit. The pcm-1 circuit is used during binary and biternary operation. During binary
operation, this circuit samples the incoming pcm single binary train with the timing A signal and
regenerates the pcm-1 signal. During biternary operation, this circuit operates in the same manner
as for binary operation. During biternary repeater or interleaved operation, however, the pcm input
and output consist of a single interleaved binary train. In this mode, the frequency of the timing
signal is 4,608 kc (1,152 kc), twice that of the binary train, since timing A and timing B are
connected together by the TRAFFIC SEL switch. During biternary separated operation, the pcm-1
circuit samples the incoming interleaved binary train with the 2,304-kc (576-kc) timing A signal and
separates the pcm-1. The pcm-1 circuit consists of a differential pulse amplifier, a flip-flop, a driver,
and a peak detector.

(a) Pcm-1 signal inputs. One branch of the incoming recovered pcm-1 signal from terminal 19 of
jack J9, along with the timing A signal from terminal 14 of jack J9, is applied to the pcm-1
differential pulse amplifier.

(b) Pcm-1 differential pulse amplifier The differential pulse amplifier consists of transistors Q1,
Q2, and Q3. The incoming recovered pcm-1 signal is applied to the base of transistor Q1; the
incoming 2,304-kc (576-kc) negative spike timing A signal is applied to the base of transistor
Q3. The differential pulse amplifier operates as a sampler circuit in which the pcm single
binary train is sampled by the timing A signal. The pulses representing logic 0's appear at the
collector of transistor Q1 and are applied to the left side of the pcm-1 flip-flop (transistors Q4
and Q5). The pulses representing logic 1's appear at the collector of transistor Q2 and are
applied to the right side of the pcm-1 flip-flop.

(c) Pcm-1 flip-flop. The pcm-1 flip-flop regenerates the pcm-1 signal and the output appears at the
emitter of transistor Q5, which operates in conjunction with transistor Q6 as a differential
amplifier. The pcm-1 signal developed at the collector of transistor Q6 is applied to the base of
driver transistor Q7.

(d) Pcm-1 output. The output at the emitter of driver transistor Q7 is applied to terminal 31 of jack
J9 (PCM OUT-1) and, via a peak-detector network, to terminal 11 of jack J9, designated as
pcm out-1 meter (SF(M) ).

(2) Pcm-2 circuit. The pcm-2 circuit is used only during biternary separated operation,
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and operates in the same manner as the pcm-1 circuit. In repeater and interleaved operation, the
pcm input and output is an interleaved binary train. In this mode, the frequency of the timing signal
is 4,608 kc (1,152 kc) twice that of

[the binary train, since timing A and timing B are connected together by the TRAFFIC SEL switch.
In separate operation, the incoming pcm is sampled with the timing B signal and separates the pcm-
2 only. The frequency of the timing B signal is the same as the timing A frequency, but the signals
are 180° out of phase.

c. Address Signals. To assure that the timing for the separation process is synchronized with that of the
unit originating the pcm signal, two address signals (8-kc address-1 and 8-kc address-are employed.

(1) 8-kc address-1 circuit. The 8-kc address1 signal enters the panel at terminal 3 of jack J9 and is divided
into two branches: 4-kc reference and 4-kc address.

(8) 4-kc reference. One branch of the 8kc address-l signal is applied as a complement pulse to both
sides of the 4-kc reference flip-flop (transistors Q24 and Q25). The flip-flop output is used as a 4-kc
constant reference signal which is compared with the 4-kc address signal in the pcm.

(b) 4-kc address. The other branch of the 8-kc address-1 signal is applied to the 4-kc address circuit,
which consists of a pulse amplifier, a louder, a differential pulse amplifier, and a flip-flop.

1.4-kc address parse amplifier. The incoming 8-ke address-1 signal is applied to the base of pulse
amplifier transistor Q35 which is normally on. The signal is differentiated by capacitor C25; the
positive portion of the differentiated signal causes transistor Q35 to shut off forming a negative
pulse at the collector. A wave train of negative-going 8-ke spike pulses is developed at the collector
of transistor Q35, and applied through buffer transistor Q36 as a timing pulse to the 4-kc address
differential pulse amplifier.

2. 4-kc address differential pulse amplifier. The differential pulse amplifier consists of transistors Q26,
Q27, and Q37. The incoming binary interleaved pcm is applied to the base of transistor Q26. The
8-kc timing signal from the emitter of buffer transistor Q36 is applied to the base of transistor Q37.
Assuming that the unit is locked-in-frame, the 8-kc timing pulses at the base of transistor Q37
coincide with the logic I's and logic 0's (C,[fig. _2-14) of the 4-kc address signal (in the pcm) at the
base of transistor Q26. When a timing pulse coincides with a logic 0, transistor Q26 conducts to set
4-kc address flip-flop transistors Q28 and Q29. When the next timing pulse coincides with a logic 1,
transistor Q27 conducts to reset the 4-kc address flip-flop.

3. 4-kc address flip-flop. The 4-kc address flip-flop produces a 4-kc square wave that is applied through
transistor Q30 to the exclusive-OR circuit, where it is compared with the 4-kc reference signal.
Since it is assumed that the unit is locked-in frame, the two signals produce a 0-volt output at the
collector of transistors Q32 and Q33.

(2) 8-ke address-2 circuit. The 8-kc address2 circuit consists of a pulse amplifier and three buffers. The 8-ke
address-2 signal enters the panel at terminal 2 of jack j9 and is applied to buffer transistor Q15 and then
to a differentiating network. The positive-going portions of the differential signal cause normally on
transistor Q17 to shut off, forming a negative pulse at the collector. A wave train of negative-going 8-kc
spike pulses from the collector of transistor Q17 is applied through louder transistor Q18 to diode CR13 in
the skip-pulse circuit (d(2) below ).
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d. Skip-Pulse Signal. To assure that the pcm1 circuit is selecting tile correct binary train of the interleaved
pair, a skip pulse is used to synchronize the locally generated address with the incoming pcm address. The
skip pulse is developed by comparing a constant reference signal with tile address signal in the pcm; if the
reference signal is of opposite phase to the address signal, the operation is normal. If this phasing does not
exist, the skip pulses are generated to shift the timing until the correct address digits are found. This signal is
sent out of the unit on terminal 31 of jack J9 and is designated as pcm out-1. The skip-pulse circuit consists of
the following stages: exclusive-OR, storage, amplifier, and two gates.

(1) Exclusive-OR circuit. The exclusive OR circuit compares the 4-kc address signal with the 4-kc
reference signal. The exclusive-OR circuit consists of two differential amplifiers that operate in
conjunction with each other: transistors Q31 and Q33 comprise one differential amplifier; transistors
Q32 and Q34 comprise the other. If the 4-kc input at the base of transistor Q31 is 180° out of phase
with the signal at the base of transistor Q34, transistor Q32 or transistor Q. -33 conducts to produce
a zero potential at its collectors. If both inputs to the circuit are in phase, transistors Q32 and Q33
are cut off to produce a -4. 5-volt potential at the collectors. This negative e potential is impressed
at the base of louder transistor Q19. The emitter output of transistor Q19 aids in tile skipping
operation.

(2) Skipping operation. The skipping operation automatically begins a searching process to shift the
timing whenever the exclusive-OR circuit develops sufficient negative e error signals. Single
isolated errors in the pcm address signal, however, do not initiate tile search process; approximately
10 errors in a row are required before the search process begins. The search process operates by
permitting a pulse of an 8-kc wavetrain to escape as a skip pulse to eliminate a pulse from the
timing. A wavetrain of negative-going 8-kc pulses is taken from the emitter of buffer transistor Q18
and applied to gate diode CR13 of tile skip-pulse circuit.

(a) Normal operation. During normal operation, gate transistor Q20 is off and gate transistor Q23 is
on. Buffer transistor Q19 acts as an emitter follower; hence, the 0-volt potential at the base of
transistor Q19 is impressed on the emitter of transistor Q19. The 0-volt potential is also
impressed at the anode of gate diode CR14. The baseline of the negative pulses at the emitter
of transistor Q18 is 0 volt; hence, a 0-volt potential exists at the junction of diodes CR13 and
CR14 when no pulse is present. When a pulse is present, the voltage at the anode of diode
CR13 goes negative. However, since tile cathode of diode CR13 is at zero potential, the diode
cannot conduct to pass tile 8-kc pulses.

(b) Single isolated error. When the exclusive-OR circuit produces a negative error signal, it is
applied to tile base of buffer transistor Q19. The -4. 5-volt potential at the base of transistor
Q19 is impressed upon the anode of gate diode CR14, which cannot conduct, since the anode
is mole negative shall tile O-volt potential at the cathode. However, when a negative-going
pulse is present at the emitter of buffer transistor Q18, the output at the junction of diodes
CR13 and CR14 follows the voltage at the anode of diode CR13. The voltage at this junction
goes negative for the duration of the pulse. | his negative pulse passes through capacitor C18
to the base of transistor Q21. Since gate transistor Q20 is not conducting gate transistor Q21
cannot conduct consequently, the pulse at the base of transistor Q21 cannot pass to the output
of the circuit. The negative pulse also causes capacitor C19 to charge negatively. If the
negative output of the exclusive-OR circuit is the result of a single isolated error tile negative
error pulse is only momentary, and the base of transistor Q19 resumes
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its 0-volt potential, which on to the anode of diode CR14. The negative-going charge on capacitor
C19 leaks off, and normal operation is resumed.

(c) Negative error signal. When the timing actually requires correction, the process described inc (1) (b
) 2 above occurs. However, in this case, the number of negative error pulses is large enough to
charge capacitor C19 sufficiently negative to drive gate transistor Q20 into conduction. With gate
transistor Q20 conducting, the other gate transistor Q21 is able to conduct when a negative pulse is
applied to its base. Therefore, the negative-going pulses reaching the base of transistor Q21 under
present conditions are able to pass through the gate. The pulse output is produced at the collector
of gate transistor Q21, where the signal is designated as skip pulse.

(d) Termination of search process . When the skipping operation has corrected tile timing, any
continuation of the skip pulse will only upset the timing again, and the search process will have to be
repeated. When the timing is corrected, there is no longer an error signal; the base and the emitter
of louder transistor Q19 assume a zero potential. Diode CR14 clamps the gate diode outputs to 0
volt and prevents passage of the 8-kc pulses beyond diode CR13. The charge on capacitor C19
leaks oaf; gate transistor Q20 goes of I, and normal operation is resumed.

2-18. Timing Generator No. 4, Panel 4A9|(fig. 6-32)

a. General. Timing generator No. 4, panel 4A9, aids in phasing the timing for the receive functions of the
TD-203/U. Panel 4A9 consists of the high-traffic timing control, high-traffic 8-kc control, and 96-channel timing-
2 drive.

(1) 48-channel operation. The only input signal to the panel is a 2,304-kc pulse train which is derived
direct from the countdown timing signal output of panel 4A5. This signal (2. 3-mc timing) enters the
panel at terminal 31 of jack J8 and is processed by the high-traffic timing control circuit (b below)
and the high-traffic 8-kc control circuit (c below), to develop two 2,304-kc timing control signals (h.t.
tim-1 cont and h.t. tim-2 eons) and a 1,152kc control signal (h.t. 8-kc. eons).

(2) 96-channel operation. In addition to the 2. 3--mc timing signal input, panel 4A9 receives a 4,608-kc
spiked pulse train (96 chan-timing-2) and high-traffic skip pulse. The 9G-chan timing-2 signal input
is derived directly from the 96-chan timing-2 signal output of panel 4A5. The spiked pulse enters
the panel at terminal 2 of jack J8 and is applied to the 96-channel timing-2 drive circuit (d below),
which develops a 2,304-kc timing drive signal (96-chan timing-2 drive). The skip-pulse input is an
isolated pulse that occurs during the framing operation and is inserted into the high-traffic timing
control circuit (b below) only during the 96S mode of operation. This pulse is derived from panel
4A8/5A8 via the TRAFFIC SEL switch. During 96-channel operation, the high-traffic timing control
circuit operates in the same manner as for 48-channel operation. However, the 2. 3-me timing
signal input is derived from the 96-channel timing-2 drive signal output of panel 4A9 via the
TRAFFIC SKI, switch

b. High-Traffic Timing Control Circuit. The high-traffic timing control circuit receives a 2,304kc square-wave
pulse training signal and develops two 2,304-kc timing control signals. During 96S Operation, this circuit also
receives a skip-pulse signal to assure that the timing signals are coincident with their related pcm signals. The
high-traffic timing control circuit consists of the undelayed pulse amplifier, delayed pulse amplifier, skip-pulse
flip-flop, and switching gate.

(2). Inputs. During 48-channel operation, the incoming 2. 3-mc timing signal from terminal 31 of jack J8
consists of a 2,304kc pulse train (in 96-channel operation, a 2,304-kc square wave) which is
amplified by transistors Q1, Q2, and Q3. The signal
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at the emitter of transistor Q3 is applied to the undelayed pulse amplifier ((2) below) and the delayed
pulse amplifier ((3) below). During 96S operation a skip pulse, generated in panel 4A8/5A8
whenever the phasing of the timing signal is incorrect, is applied to the skip-pulse flip-flop circuit ((4)
below) via the TRAFFIC SEL switch and terminal 21 of jack J8.

(2) Undelayed pulse amplifier. One branch of the emitter output of transistor Q3 is the undelayed signal,
which is applied to the base of undelayed pulse-amplifier transistor Q6. The signal appears at the
collector of transistor Q6 with the original positive-going polarity. The network (diode CR3, resistor
R13, inductor L2) at the collector sharpens the pulses to produce the required narrow spike pulses,
which are applied to gate transistors Q7 and Q14 of the switching gate (c below).

(3) Delayed pulse amplifier. The other branch of the emitter output of transistor Q3 is the delayed signal
which is applied to 2-usec delay DL1. The pulses of the delayed signal fall midway between the
pulses of the undelayed signal. The delayed signal is amplified by buffer transistor Q4 and delayed
pulse-amplifier transistor Q5. In transistor Q5, the signal is inverted to its original polarity and is
sharpened by the network (diode CR1 resistor R8, inductor L1) at the collector. The positive-going
pulses are then applied to gate transistors Q10 and Q11 of the switching gate (c below).

(4) Skip- pulse flip-flop. The skip-pulse flip-flop circuit governs the states of the transistors in the
switching gate circuit (c below). The flip-flop operates as a conventional bistable multi vibrator
which changes state each time a positive-going skip pulse from terminal 21 of jack J8 is applied to
capacitors C17 or C18.

c. Switching Gate Circuit. The switching gate circuit acts like a double-pole, double-throw (dpdt) switch
which automatically shifts the timing one-half bit (0. 2 nmsec) each time the circuit receives a skip pulse; this
occurs during the framing operation. By shifting the timing by one-half bit, the square-wave address signal that
is developed by the timing pulses is shifted one-half bit along its base. The process repeats until the local
address signal coincides with that of the pcm train. Undelayed and delayed timing signals are applied to the
switching gate circuit which routes each of the two inputs to an output circuit. Whenever a skip pulse is
generated, the switching gate interchanges the timing outputs. The specific purpose of the gate is to switch the
positive-going pulsed output of undelayed pulse-amplifier transistor Q6 to buffer transistor Q15 or Q16.
Further, the gate delivers the positive-going spiked output of delayed pulse-amplifier transistor Q5 to buffer
transistor Q15 or Q16, whichever does not receive the signal from the undelayed pulse amplifier. The gate
circuit consists of gate transistors Q7 through Q14, which operate in pairs as differential amplifiers. Diodes
CR5 through CR6 are reverse bias protection diodes. Transistors Q7 and Q8 make up the first pair; transistors
Q9 and Q10, the second pair; etc. Whenever one transistor of a pair is in the off state, the other is on. The
states of the transistors are governed by the state of the skip-pulse flip-flop (b(4) above).

(1) Operation. Assume that the output of transistor Q20 is positive and the output of transistor Q21 is
negative (A, fig. 215). The positive voltage is applied to the bases of transistors Q8 and Q9 to shut
off these two transistors, and turns on transistors Q7 and Q10. The negative voltage of the skip-
pulse flip-flop is applied to the bases of transistors Q12 and Q13 to drive them on and,
consequently, to drive transistors Q11 and Q14 off. When the delayed or undelayed signal is
applied to bases of transistors in the on state, the signals are able to pass and reach louder
transistor Q15 or Q16. When the skip-pulse flip-flop changes state, the output of transistor Q20 is
negative, and the output of transistor Q21 is positive (B, flg. 2-15) Transistors Q8 and Q9 are
driven on, and transistors Q12 and Q13 are driven off reversing the delayed and undelayed signals.
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(2) Outputs. The outputs of the switching gate appear at the bases of buffer transistors Q15 and Q16. The
output signal from the emitter of transistor Q15 is a 2,304-kc wavetrain of positive-going spike pulses that is
divided into two branches: one branch is applied to terminal 16 of jack J8 (h.t. tim-2 cons); the other branch is
applied through capacitor C4 to both sides of the multivibrator of the high-traffic 8-kc control circuit (d below).
The output signal from the emitter of transistor Q16 is a 2,304-kc wavetrain of positive-going spike pulses that
is applied to terminal 17 of jack J8 (h.t. 1tim-1 cons). The pulses are spaced 180° apart from those of the h. t.
tim-1 cont signal output.

d. High-Traffic 8-Kc Control Circuit. The high traffic 8-kc control circuit is a high-speed bistable multivibrator
capable of switching states at a 2.3-mc rate. The control circuit receives a 2,304-kc positive-going spike pulse
train from the emitter of buffer transistor Q15 and develops a 1,152-kc square-wave control signal. The
multivibrator consists of transistors Q17 and Q18, steering diodes CR17 and CR21, and trigger loading diode
CR18. The output is taken from the collector of transistor Q17 or Q18 and applied to the base of buffer
transistor Q19. The output at the emitter of transistor Q 19 is a 1,152-kc square-wave pulse train (h. t. 8-kc
cons) that is applied to terminal 7 of jack J8.

e. 96-Channel Timing-2 Drive Circuit. The 96-channel timing-2 drive circuit receives a 4,608-kc spike pulse
train and develops a 2,304-kc square-wave pulse train. This circuit is used only during 96-channel operation of
the TD-203/U. The timing-2 drive circuit consists of driver transistor Q22, flip-flop transistors Q23 and Q24,
and buffer transistor Q25. The incoming 4,608-kc spike pulse train (96-channel timing-2) from terminal 2 of
jack J8 is applied to driver transistor Q22 which inverts the signal and supplies drive to the flip-flop. The flip-
flop is a bistable multivibrator that divides the 4,608 kc to 2,304 kc. The output is taken from transistor Q23 or
Q24 and applied to the base of buffer transistor Q25. The output at the emitter of transistor Q25 is a 2,304-kc
square-wave pulse train (96-channel timing-2 drive) that is applied to terminal 3 of jack J8.

Section IV. MISCELLANEOUS CIRCUITS

2 19. General
This section describes external controls and essential circuits not covered by the panel descriptions in
sections, I, I, and 1l of this chapter. These controls and circuits are generally mounted on the front or side

panels and include such components as potentiometers, fuses, meters, and switches. Because the circuits of
the TD-202/U and TD-203/U are similar, one example of each typical circuit is described to avoid duplication.

2-20. Alarm System [fig. 2-16)

a. General. The audio and visual alarm system indicates faulty operating conditions. The alarm system
consists of an ALARMS BUZZER OFF switch, TRAFFIC red indicating lamp, and an ALARMS CHANGE AIR
FILTER red indicating lamp.

b.. Traffic Failure Alarm. The traffic failure alarm network gives an alarm whenever traffic fails either in
panel 4A4 (5A4) or 4A5 (5A5) (fig._2-16)] During normal operation, relay K1 located on panel 4A5 (5A5) is
energized by amplifier transistor Q10 on panel 4A5 ((5A5)) or driver transistor Q1 1(Q19) on panel 4A4 (5A5).
Transistor Q10 and Q11 (Q19) are wired in series with coil of relay K1, traffic failure interrupts current flow in
either transistor Q10 or Q1 1 (Q19), and relay K1 then deenergizes to close contacts 1 and 3. This applies a
12-volt dc bias to transistor Q12 (Q15) on panel 4A5 (5A5), which deenergizes relay K1 on the front panel.
When this relay deenergizes, contacts 5 and 7 close, which applies 28-volts ac to TRAFFIC indicator DS1 and
terminal B of buzzer DS4. Buzzer DS4 sounds (if OFF contacts of ALARMS BUZZER OFF switch S2 are
closed) and TRAFFIC indicator DS1 lights. The operator presses ALARMS BUZZER OFF switch S2 (ON
contacts close) and the buzzer deenergizes, TRAFFIC indicator DS1 remains lighted. When the fault is
corrected, current flows in transistor Q10 or Q1 | (Q19), and relay K1 energizes to switch its contacts to the
alternate position. This causes transistor Q12 (Q15) on panel 4A5 (5A5) to conduct, energizing relay K1, which
opens 28-volt ac power input to TRAFFIC indicator DS1 and extinguishes DS1. Buzzer DS4 energizes via
terminal 18 of jack J1 on panel 4A1 (5A1) and the arm of ALARMS BUZZER OFF switch S2. When the
operator presses ALARMS BUZZER OFF switch S2, the buzzer is de-energized and normal operation is
resumed.

c. Overheat Alarm. The TD-203/U (TD-202/U) is cooled by blower B1 that operates from the 115-volt ac
line. The blower is energized by the AC POWER switch. Air enters the cabinet through a series of perforations
on the right-hand side of the front panel; an air filter is fastened to the inside of the front panel over the
perforations. The cooling air is baffled to circulate through the power supply, and it is exhausted by the blower
through perforations on the left-hand side of the front
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Figure 2-16. Traffic failure alarm network, simplified schematic diagram.
Change 2 238



TM 11-5805-367-35/1

panel. A thermostat is mounted on the inside of the power supply; if the temperature rises above 158 °F., the
thermostat closes its contacts to energize ALARMS CHANGE AIR FILTER indicator lamp DS3. In most cases,
cleaning or replacing the air filter will restore normal operation.

2-21. Test Circuit| (fig. 6-1[or 6-2)

a. General. The test circuit is used to monitor signals and voltage, to locate faulty panels, and to test and
align the unit. This circuit consists of monitoring, fault locating, testing, and alignment networks.

b. Monitoring Network. TEST ALIGN meter M1 on the front panel monitors the values of the various
signals and supply voltages. The meter has three ranges marked on its scale: a green band, a smaller yellow
band, and a black hairline. The application of the signals and voltages to be monitored by the meter are
controlled by METER SELECT switch S1.

c. Fault-Locating Network. When METER SELECT switch S1 is at SERV FAC, SERV SEL switch S4 may
be operated to check circuits on specific panels. The position letter designations on the SERV SEL switch
correspond to monitoring circuits on specific panels. Therefore, an incorrect indication on the TEST ALIGN
meter indicates that the circuit on the panel corresponding to the letter designation is defective; for example,
when SERV SEL switch S4 is at 0 and METER SELECT switch S1 is at SERV FAC, the order-wire circuit on
panel 4A7/5A7 is monitored. An incorrect indication on the TEST ALIGN meter, therefore would indicate that
the order-wire circuit on panel 4A7/5A7 is defective.

d. Test-Align Network. The test-align network develops a filtered signal which simulates an input from the
radio set. The simulated signal is produced by rerouting the pcm output of the TD-203/U (TD-202/U) via the
OPR-TEST switch and through filter FL2, which attenuates the higher frequencies to make the waveshape
appear like that of an actual transmitted, dissipated signal. The signal is looped back to FROM RADIO RCVR
jack J8, and tests are made to determine if the simulated signal is properly regenerated. The pcm output (to
radio xmtr) of terminal 30 (1) or jack J15 (J6) of panel 4A2 (5A2) is applied to the arm of OPR-TEST switch S6,
which is mounted on the service facility panel. For normal operation, the switch is in the OPR position, and the
signal passes through filter FL3 to TO RADIO XMTR jack J7 for connection to the radio set. In the TEST
position, switch S6 reroutes the pcm signal through filter FL2 to front panel TEST OUT jack J2. The simulated
signal is then fed back to the TD-203/U (TD-202/U) by connecting an external jumper between TEST OUT jack
J2 and FROM RADIO RCVR jack J8.

2-22. RF Filters

The 115-volt ac line voltage to each unit is filtered by filter FL | which reduces any radio frequency (rf) energy
that tends to penetrate the leads carrying the line voltage. Filter networks are connected to both sides of the
front-panel mounted fuses and to both sides of TEST ALIGN meter M 1. These filter networks are low pass
circuits with a cutoff frequency of approximately 150 kc.
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CHAPTER 3
DIRECT SUPPORT MAINTENANCE
Section I. TROUBLESHOOTING TD-202/U AND TD-203/U

3-1. General

a. Troubleshooting at direct support maintenance includes all the techniques outlined for organizational
maintenance and any special or additional techniques required to isolate a defective part. The direct support
maintenance procedures supplement those described in organizational maintenance. The systematic
troubleshooting procedures, which begin with the operational and sectional checks performed at an
organizational category, must be completed by further localizing and isolating techniques.

b. Troubleshooting at direct support is limited to localizing trouble to chassis or front panel mounted parts
(i.e., switches, fuse holders, relays), and repairing or replacing of the defective parts.

c. Troubleshooting can be performed while the equipment is operating as part of a system or, if necessary,
after the equipment (or parts of it) has been removed from service. When trouble occurs, certain observations
and measurements can be made which will help determine whether the local equipment is at fault or if the
trouble exists elsewhere in the system. Usually, when troubleshooting is performed while the equipment is
operating as part of a system, it is done at the organizational level (TM 11-5805-367-12).| Troubleshooting at
direct support is usually performed with the defective unit removed from the equipment with which it is normally
associated.

d. Voltage, resistance, or continuity measurements can be performed to localize the trouble to a component
mounted on either the chassis or front panel. If the defective part is inaccessible and cannot be repaired or
replaced, the chassis should be tagged and sent to higher category maintenance.

Caution: Do not attempt resistance measurements on the plug-in transistorized circuits unless
specifically directed in this manual. Read the pertinent instructions before performing resistance and
continuity measurements. When measuring resistance, make sure that power is off and all
transistorized plug-in panels have been removed from the chassis.

3-2. Test Equipment and Tools Required for Troubleshooting

All the test equipment and tools required for the repair and replacement of parts mounted on the chassis or
front panel are listed in the maintenance allocation chart in appendix C of TM 11-5805.367-12.

Section Il. ALIGNMENT OF TD-202/U AND TD-203/U

3-3. Test Equipment and Special Tools Required for Alignment
Item Technical manual
Multiplexer TD-353/U (2 ea.) TM 11-5805-367-35/3.
Oscilloscope AN/USM-140 Screwdriver T™ 11-6625-535-15.
(mounted on chassis of TD-202/U and
TD-203/V) .

3-4. TD-203/U Alignment Procedure

a. Test Setup. To prepare the TD-203/U for alignment and adjustment, perform (1) through (5) below; this
setup is used with each alignment. Before the TD-203/U is aligned, perform the less critical adjustments as
described in chapter 2, section lIll, of TM 11-5805-367-12. | During alignment, use multiplexer units that have
passed their respective unit performance tests [(para 5-7).

(1) Operate AC POWER switches on the master TD-353/U, slave TD-353/U, and
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TD-203/U to OFF, and the OPR-TEST switch on the side panel of the TD-203/ U to TEST.

(2) Connect a 96-channel radio terminal (TM 11-5805-367-12) except for the following: connect the CG
409/U cable from the TEST OUT connector to the FROM RADIO RCVR connector on the TD-203/U
front panel instead of to one of the CG-409/U cables going to Radio Set AN/GRC-50 or AN/GRC-66.

(3) Remove panel 4A3 and the extender panel from the TD-203/U.

(4) Attach panel 4A3 to the extender panel and reinsert the extender panel into the jack of the TD-203/U
from which panel 4A3 was removed (fig._3-1).

(5) Connect a cable from the INPUT connector of AN/USM-140 to the SCOPE SYNC connector on the
side panel of the slave TD-353/U (fig._3-1).
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b. Alignment Procedure.

TM 11-5805-367-35/1 C1

Step Control settings Alignment

No. Test equipment Equipment under test Procedure Indication

1 XSSDtSrESS:TD-%?,/U -SI—ELZé)g{I_U |\S/IEFT2\E/RF AC Decision Levels (PL and NL) adjustments
MASTER AC | SERV SEL: C Note. If oscilloscope display is not bright enough, disconnect cables from SCOPE: SYNC and TIM
POWER: ON Slave | TRAFFIC SEL: 96l | OUT connectors on slave TD 353/U. Using a T connector, reconnect both cables from AN/USM-140
TD-353/U OPR-TEST: TEST | INPUT and TD-203/U PCM IN-2 connects) to TIM OUT connector on slave TD-353/U.

ADDRESS: SLAVE
AC POWER: ON

AN/USM-140
CHOPPED- A-B-
ALTERNATE: A-B
AC-DC (CHANNEL
A and CHANNEL B):
DC

VERNIER
SENSITIVITY
(CHANNEL A and
CHANNEL B) Outer:
.5 VOLTS/CM Inner:
max. cw
EXTERNAL
VERNIER
HORIZONTAL
DISPLAY
INTERNAL
SWEEP- X1
VERNIER
SWEEPTIME: 1
MICRO-SECON D/
CM
SWEEP
TRIGGER
SOURCE: EXT AC

MODE

POWER: ON

AC POWER. ON

a. Connect CHANNEL A INPUT probe of AN/JUSM-140 to
jack J3 on panel 4A3 and observe waveform on AN/USM-
140.

b. While observing J3 waveform on AN/ USM-140, adjust
RL control on panel 4A3 for a peak-to-peak amplitude of 2
volts (4-cm deflection)

c. Adjust CL control on panel 4A3 for performance
standard.

d. Connect CHANNEL B INPUT probe of AN/USM-140
momentarily to jack J3 on panel 4A3 (fig._3-1) and observe
waveforms on AN/USM-140. Adjust AN/ USM-140 controls
(VERTICAL POSITION and HORIZONTAL POSITION) for
a superimposed oscilloscope pattern.

e. Connect CHANNEL B INPUT probe of AN/JUSM-140 to
jack J5 on panel 4A3 and observe waveforms on AN/USM-
140.

f. While observing dual trace waveforms on AN/USM-140,
adjust PL control on panel 4A3 80 that the dc voltage level
of J5 waveform is 0.35 volt above the dc level of center
crossings of J3 waveform.

g. Disconnect CHANNEL B INPUT probe of AN/USM-140
from jack J5 on panel 4A3.

h. Connect CHANNEL B INPUT probe of AN/USM-140 to
jack J7 on panel 4A3 and observe waveforms on AN/ USM-
140.

i. While observing dual trace waveforms

3-6

a. AN/USM-140 indicates waveform as

shown in A,[figure 3-2]

b. AN/USM-140 indicates waveform
similar to that shown in B,

C. TEST ALIGN meter indicates
maximum deflection to right.
d. AN/USM-140 indicates identical

waveforms on each channel similar to
that shown in A,

e. AN/USM-140 indicates dual trace

waveforms similar to those shown in C,
Lfigure 3-2]

f.  AN/USM-140 indicates dual trace
waveforms similar to those shown in D,

g. None.

h. AN/USM-140 indicates dual trace
waveforms similar to those shown in E,
fiqure 3-2

i. AN/USM-140 indicates dual



No change required.

No change required

I»

No change required.

=

No change required.

c. Set OPR-TEST switch
to OPR.

No change required
except: TD-203/U
TRAFFIC SEL: 48

on AN/USM-140, adjust NL control on panel 4A3
80 that the dc voltage level of J7 waveform is 0.35
volt below the dc level of center crossings of J3
waveform.

j. Disconnect CHANNEL A and CHANNEL B
INPUT probes of AN/USM-140 from jacks J3 and
J7 on panel 4A3, respectively.

96-channel timing phase (PA) adjustment

a. Connect CHANNEL A and CHANNEL B INPUT
probes of AN/USM-140 to jacks J1 and J3 on
panel 4A3, respectively, and observe waveforms
on AN/ USM-140.

b. While observing waveforms on AN/ USM-140,
vertically center J3 waveform and line up a center
crossing on J3 waveform on a vertical grid line.

c. Terminate TD-203/D TO RADIO connector in
51 ohms Observe waveform at TO- RADIO and
adjust capacitor 4A2C7 until periods equal each
other and 1/2 TC

c. While observing waveforms on AN/ USM-140,
adjust PA control on panel 4A5 so that center
crossing point of J1 waveform lags center crossing
point of J3 waveform by 90 ns

48-channel timing phase (PA) adjustment

a. While observing waveforms on AN/ USM-140,
vertically center J3 waveform and line up center
crossings on J3 waveform on a vertical grid line.

b. While observing waveforms on AN/ USM-140,
adjust PA control on panel 4A4 so that center
crossing point of J1 waveform lags center crossing
point of J3 waveform by 217 ns

c. Disconnect CHANNEL A and CHANNEL B
INPUT probes of AN/USM-140 from jacks J1 and
J3 on panel 4A3, respectively.

d. Operate AC POWER switch to OFF and
remove panel 4A3 and extender panel. Separate
the panels and reinsert them in their respective
jacks in the TD-203/U.

TM 11-5805-367-35/1 C1

trace waveforms similar to those

shown in F.

j- None.

a. AN/USM-140 indicates two
waveforms similar to those shown in
G. Figure 3-2.

b. AN/USM-140 indicates waveform
position similar to that shown in H.

[figure 3-2]

c. AN/USML140 indicates waveform
position similar to that Shown in H,

C. AN/USM-140 indicates two
waveforms similar to those shown in

a AN/USM-140 indicates waveform
position similar to that shown in J,
b. AN/USM-140 indicates two
waveforms similar to those shown in

K,[figure 3-2

c. None.

d. None.
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3-5. TD-202/U Alignment Procedure

a. Test Setup. To prepare the TD-202/U for alignment and adjustment, perform (1) through (5) below; this
setup is used with each alignment. Before the TD-202/U is aligned, perform the less critical adjustments as
described in chapter 2, section lIll, of TM 11-5805-367-12. | During alignment, use multiplexer units that have
passed their respective unit performance tests [(para 5-5).

(1) Operate AC POWER switches on the master TD-352/U, slave TD-352/U, and TD-202/U to OFF, and
the OPR-TEST switch on the side panel of the TD-202/U to TEST.

(2) Connect a 24-channel radio terminal (TM 11-5805-367-12) except for the following: connect the CG-
409/U cable from the TEST OUT connector to the FROM RADIO RCVR connector on the TD202/U
front panel instead of to one of the CG 409 /U cables going to Radio Set AN/GRC-50 or AN/GRC-
66.

(3) Remove panel 5A3 and the extender panel from the TD-202/U.

(4) Attach panel 5A3 to the extender panel and reinsert the extender panel into the jack of the TD-202/U
from which panel 5A3 was removed [fig.3-3).

( 5) Connect a cable from the INPUT connector of AN/I SM-140 to the SCOPE SYNC connector on the
side panel of the slave TD-352/U (fig. 3-3).
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b. Alignment Procedure.

TM 11-5805-367-35/1 C1

Step Control settings Alignment

No. Test equipment Equipment under test Procedure Indication

1 Master TD-352/U | TD-202/U Decision levels (PL and NL ) adjustments
ADDRESS: MASTER AC METER SELECT: | Note If oscilloscope display is not bright enough, disconnect cables from SCOPE SYNC and
POWER: ON SERV FAC TIM OUT connectors on slave TD 352/U. Using a T-connector, reconnect both cables (from
Slave TD-352/U SERV  SEL: C | AN/USM-140 INPUT and TD-202/U TIM IN-2 connectors) to TIM OUT connector on slave

ADDRESS: SLAVE AC
POWER: ON

AN/USM-140 CHOPPED
A-B ALTERNATE: A-B

AC-DC (CHANNEL A and
CHANNEL B): DC

VERNIER SENSITIVITY
(CHANNEL A and
CHANNEL B)

Outer: .5 VOLTS/CM

Inner: max cw

EXTERNAL VERNIER
HORIZONTAL DIS-
PLAY INTERNAL
SWEEP: X1

VERNIER SWEEP TIME
: 0.5
MICROSECONDS/CM

SWEEP MODE
TRIGGER
EXT AC

POWER: ON

SOURCE:

TRAFFIC SEL: 241
OPR-TEST: TEST
AC POWER: ON

TD-352/U.

a. Connect CHANNEL A INPUT probe of
AN/USM-140 to jack J3 on panel 5A3 and
observe waveform on AN/USM-140.

b. While observing J3 waveform on AN/ USM-
140, adjust RL control on panel 5A3 for a peak-
to-peak amplitude of 2 volts (4-cm deflection).

C. Adjust CL control on panel 5A3 for
performance standard.

d. Connect CHANNEL B INPUT probe of
AN/USM-140 momentarily to jack J3 on panel
5A3 and observe waveforms on
AN/USM-140. Adjust  AN/USM-140controb
(VERTICAL POSITION and HORIZONTAL
POSITION) for a superimposed oscilloscope
pattern.

e. Connect CHANNEL B INPUT probe of
AN/USM-140 to jack J5 on panel 5A3 and
observe waveforms on AN/US M-140.

f.  While observing dual trace waveforms on
AN/USM-140, adjust PL control on panel 5A3 NO
that the dc voltage level of J5 waveform IN 0.50
volt above the dc level of center crossings of J3
waveform.

g. Disconnect CHANNEL B INPUT UT probe of
AN/USM-140 from jack J5 on panel 5A3.

h. Connect CHANNEL B INPUT probe of
AN/USM-140 to jack J7 on panel 5A3

a. AN/USM indicates waveform as
shown in A [figure 3-4]

b. AN/USM-140 indicates a waveform
similar to that shown in B,

c. TEST ALIGN meter indicates
maximum deflection to right.
d. AN/USM-140 indicates identical

waveforms on each channel similar to

that shown in A,

e. AN/USM-140 indicates dual trace
waveforms similar to those shown in C,

f.  AN/USM-140 indicates dual trace
waveforms similar to those shown in D.

g. None.

h. AN/USM-140 indicates dual trace
waveforms similar to those

Change 3 3-12



Set EXTERNAL VERNIER
HORIZONTAL DISPLAY
INTERNAL SWEEP
control to X5.

No change required.

No change required.

No change required
except: TD-202/U
TRAFFIC SEL: 12

and observe waveforms on AN/USM 140.

i.  While observing dual trace waveforms on
AN/USM-140, adjust NL, control on panel 5A3 so
that the dc voltage level of J7 waveform is 0.50
volt below the dc level of center crossings of J3
waveform.

j. Disconnect CHANNEL A an] CHANNEL B
INPUT probes of AN/JUSM-140 from jacks J3 and
J7 on panel 5A3, respectively.

24-channel timing phase (PA) adjustment

a. Connect CHANNEL A and CHANNEL B
INPUT probes of AN/USM-140 to jacks J1 and J3
on panel 5A3, respectively, and observe
waveforms on AN/ USM- 140.

b. While observing waveforms on AN/USM-140,
vertically center J3 waveform and line up a
center crossing on J3 waveform on a vertical grid
line.

c. While observing waveforms on AN/USM-140,
adjust PA control on panel 5A5 so that center
crossing point of J1 wave form lags center
crossing point of J3 waveform by 130 ns.

12 channel timing phase (PA) adjustment

a. While observing waveforms on AN/USM-140,
vertically center J3 waveform and line up center
crossing on J3 waveform on a vertical grid line.

b. While observing waveforms on AN/USM-140,
adjust PA control on panel 5A4 so that center
crossing point of J1 waveform lags center
crossing point of J3 waveform by 870 ns

c. Disconnect CHANNEL A and CHANNEL B
INPUT probes of AN/JUSM-140 from jacks J1 and
J3 on panel 5A3, respectively.

d. Operate AC POWER switch to OFF and
remove panel 5A3 and extender panel. Separate
the panels and reinsert them in their respective
jacks in the TD-202/U.

TM 11-5805-367-35/1 C1
shown in E,[figure 3-4]
i. AN/USM-140 indicates dual trace
waveforms similar to those shown in F,

j- None.

a. AN/USM-140 indicates two
waveforms similar to those shown in G,
Figure 3-4.

b. AN/USM-140 indicates waveform
position similar to that shown in H,
Figure 3-4.

c. AN/USM-140 indicates two wave-
forms similar to those shown in I,[figurel
3-4.

a. AN/USM-140 indicates waveform
position similar to that shown in J,
b. AN/USM-140 indicates two

waveforms similar to those shown in K,

c. None.

d. None.

Change 3 3-13/(3-14 blank)



TM 11-5805-367-35/1

CHAPTER 4
GENERAL SUPPORT MAINTENANCE

Warning: When troubleshooting or making repairs in this equipment, be careful not to contact 115-volt ac
connections. Use insulated test probes when making voltage measurements. Always disconnect the power
cord from a unit before touching any of the internal parts.

4-1. Scope of General Support Maintenance Procedures

General support maintenance consists of troubleshooting, repairing and testing defective plug-in panels
returned by organizational maintenance personnel. Troubleshooting procedures for each type of plug-in panel
of the TD-202/U and TD903/U are provided in paragraphs 4-6 through 4-18. |Repair procedures are covered in
TB SIG-929. The testing of a repaired plug-in panel is accomplished by installing the plug-in panel in a TD-
202/U or TD-203/U and performing the appropriate performance test[(para 5-3 dr 5-7).

4-2. Organization of Troubleshooting Procedures

a. Sectionalization. Sectionalizing faults in the TD-202/U or TD-203/U consists of tracing the source of the
trouble to one or more plug-in panels, or to the unit chassis. This is normally done at the organizational
category in accordance with the procedures contained in_TM 11-5805-367-12./ If panel substitution at the
organizational category does not sectionalize the trouble, the unit chassis must undergo the direct support
procedures given in chapter 3 of this manual. When a fault is sectionalized to a panel, either at the
organizational category or, as a result of further checks, at direct support, that panel is sent to general support
maintenance for localization of the trouble.

b. Localization. Localization of faults on the panels consists of tracing the source of trouble to the defective
stage. This is done by using the troubleshooting charts (para 4-6 14-18). A schematic diagram for each panel
is included at the rear of this manual, accompanied by waveforms for all the points used to localize any fault
listed in the corresponding troubleshooting chart. The general conditions for the use of the charts are given in

[paragraph 4-3, and information relative to the use of the waveform is included in

c. Isolation. Isolation of a faulty part in a defective Stage is accomplished by making voltage and waveform
measurements. A voltage and waveform chart is provided at the end of each panel troubleshooting chart.

Note. To isolate short circuits, it may be necessary to remove wires from terminals.
4-3. Use of Troubleshooting Charts

a. To localize a fault to a defective stage, install the panel on an electrical test (extender) panel. Remove
the corresponding panel in a TD-202/U or TD-203/U and insert the extender and faulty panel combination in
place of the removed panel. The only exception to this procedure is the power supply panels, which require the
use of extender cables. It is important that tile notes pertaining to troubleshooting dual-type panels (that is,
panels used in either the TD-202/U or TD-203/U, or used for both transmit and receive functions) be strictly
followed.

b. The probable cause and corrective action listed for any given symptom assumes that all previous
symptoms are negative. This makes it unnecessary to list redundant information in each succeeding symptom.
For example, if a panel exhibits a symptom given as item 10, the symptoms of items 1 through 9 must be
proved negative by test before the corrective action recommended for item 10 is followed.

c. If a dual-unit panel is to be investigated for faults, it must be checked completely in both TD202/U and
TD-203/U bench test units since differences exist in timing-signal frequencies, input and output connections,
etc.
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d. Only terminal numbers of panel connectors are listed in the charts. The connector designator is
stipulated to be that shown on the corresponding schematic diagram included at the rear of this manual.
e. Reference to a transistor in a defective stage should be interpreted to include all parts of that stage.
f. Parts can be located by reference to the appropriate top panel view figure.
g. After replacement of any part, check to be sure that no other trouble exists.
h. After a panel is repaired proceed as follows:

(1) Insert the panel in the TD-202/U or TD203/U and check its alignment, using the procedures given in
chapter 3.

(2) Perform the unit performance tests given in chapter 5.
4-4. Use of Waveforms

a. The principal factors that affect the waveforms are the oscilloscope grid values: sweep time and vertical
sensitivity. Other conditions affecting the waveform obtained are given in the troubleshooting charts where
applicable, and include the test requirements ((1) through (4) below) that must be met to obtain the expected
waveform.

(1) Modulating frequencies used. (3) Oscilloscope synchronization requirements.

(2) TD-202/U or TD-203/U connections. (4) TD-202/U or TD-203/U control switch settings.

Note. The signal voltage (amplitude) and period can be calculated from the vertical sensitivity and
horizontal time information given with the waveform.

b. The waveforms obtained on the oscilloscope should be compared with the reference waveforms. When
a waveform is incorrect or absent, make a detailed check of the appropriate stage, using the instructions given
in the troubleshooting chart. Supplementary voltage and waveform data for the modules and transistors of the
panel are also given after each chart for use in isolating faulty parts.

4-5. Test Equipment and Tools Required

The following test equipment and materials should be provided for troubleshooting the TD202/U and TD-
203/U.

a. Frequency Meter AN/TSM-16. j- Test Set, Transistor TS-1836/U.
b. Multimeter TS-352/U. k. Test Set, Transmission TS-762/U.
c. Multimeter ME-26B/U. I. Voltmeter ME-30B/U.
d. Multiplexers TD-352/U, TD-353/U, TD202/U, m. Voltmeter TS-443/U.
TD-203/U, and TD-204/U. n. Transformer, Variable Power TF-171/USM.

e. Oscilloscope AN/USM-140. 0. Screwdriver (mounted in TD-202/U and TD-
f. Signal Generator SG-71/FCC. 203/U) .
g. Spectrum Analyzer TS-723/U. p. Tool Kit, Radio Repairman TK-115/U.
h. Test Set TS-140/PCM. g. Tool Kit, Electronic Equipment TK-105/G.
i. Test Set, Telephone TS-1323/PT.
4-6. Panel 4A1 /5A1, Troubleshooting

a. Troubleshooting Charf (fig. 6-3 [6-4] [6-20)]

ltem symptom Probable trouble Correction
No.
Caution: Before making dc resistance measurements or continuity checks, make sure that power is
turned off.
1 Primary power fuses on front | a. Power supply input terminals | a. Inspect terminals at jack J1 for
pand of TD-202/U or TD203/U | 14 and 15 shorted. lodged foreign material.
keep blowing.
b. Rectifier diode shorted in | b. Check rectifier diodes.
secondary.
2 No power supply output with | Open primary winding on T1. Using ohmmeter, check resistance
primary and secondary fuses across terminals 1 and 2 of T1. If
intact. reading exceeds approximately 20
ohms, winding is defective.

4-2
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power supply meter output.

ltem | symptom Probable trouble Correction

No.

3 Fuses keep blowing in n single | a.  Short to ground in associated | & Using transistor tester or ohmmeter,
power supply. regulator circuit. check associated series regulator from

emitter to collector.

b. Short to ground in associated driver | b. Check for short to ground in associated
and differential amplifier circuit. driver and differential amplifier circuit.
c. Short to ground across unregulated | c.  Check for short to ground across

input. unregulated input.

4 Fuses fail to blow in single power | a. Defective associated fuse. a. Check fuse for continuity or wrong
supply when output terminal is value.
short circuited to ground or
when output current drain is
excessive.

b. Defective fuseholder. b. Check fuseholder.

5 High output ripple or abnormal | | a.  Defective filter capacitor, filter | a. Check rectifier diode, filter capacitor,
voltage regulation at single | inductor, or rectifier diode in| and rectifier diodes.
power supply output. associated power supply.

b. Defective reference diode in | b. Using dc voltmeter, measure drop
associated regulator circuit. across reference diode in question. If
reading is not 6.2 voltst0.3, diode is

defective.

6 No output across a single power | a. Defective associated secondary | a  Using ohmmeter, check T1 secondary
supply with associated winding on T1 or open filter | winding or filter inductor in question.
secondary fuse intact. inductor.

b. Short or open in associated | b. Starting at regulator input and working
regulator circuit. toward output, perform the following:
check for open or short in transistors and
associated wiring; check connections to
series  regulator  transistors,  driver
transistors, and voltage potentiometers;
check voltages, continuity, and resistance
on trandstors and potentiometers to
various terminals.
7 Abnormal current at a single | Defective associated resistor. Check resistor in question for continuity or

wrong value.

b. Troubleshooting Incorrect Regulator-Outputs. If a regulator circuit has an incorrect output voltage, check its respective reference zener
diode first. If this fails to correct the output voltage, proceed with the measurements in (1), (2), and (3) below, depending on which supply is
defective.
(1) Troubleshooting +10-volt supply. Measure the voltage at the base of transistor Q3. Compare this voltage with the voltages at the base

of transistor Q4.

If voltages are equal, try to adjust potentiometer R1 ( + 10V VOLTAGE ADJUSTMENTS).

If transistor Q3

andQ4 base voltages remain equal, check for continuity and resistance in circuit from the base of transistor Q3, through
potentiometer R1, to +10-volt and ground side of regulator. If the base signals are not equal, perform the voltage measurements in

the chart below.

Note. When making use of the following charts, select row (positive, negative, or normal) based upon the condition found in
the detective supply; then proceed across the row in the order given. All voltages listed in the charts are approximate.

Voltages with respect to + 10-volt bus

Base of Q3 | Collector Q3 | Emitter Q2 | Emitter Q1

with respect

to Q4 base

Positive -12.5to -12.2to -11.9to
-15. -14.7. -14.4.

Negative -6 -5.7 -5.4.

Normal -10.6 -10.3 -10.0.

43
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(2) Troubleshooting +45-volt supply. Measure the voltage at the base of transistor Q7. Compare this
voltage with the voltage at the base of transistor Q8.

potentiometer R9 ( + 4.5V VOLTAGE ADJUSTMENTS).

If voltages are equal, try to adjust
If transistors Q7 and Q8 base voltages

remain equal, check for continuity and resistance in circuit from the base of transistor Q7, through
potentiometer R9, to +4.5-volt and ground side of regulator! If the base signals are not equal,
perform the voltage measurements in the chart below.

(3) Troubleshooting -4.5-volt supply. Measure the voltage at the base of transistor Q11. Compare this
voltage with the voltage at the base of transistor Q10.

potentiometer R18 (-4.5V VOLTAGE ADJUSTMENTS).

If voltages are equal, try to adjust
If transistor Q11 and Q12 base voltages

remain equal, check for continuity and resistance in circuit from the base of transistor Q11, through
If the base signals are not equal,

potentiometer R18, to -4.5- volt and ground side of regulator.

perform the voltage measurements in the chart below.

Voltages with respect to #4.5-volt bus

Voltage with respect to ground

Base of Q7 Collector Q7 | Emitter Q6 | Emitter Q5 Base of Q11 | Collector Q11 | Emitter Q10 | Emitter

with respect with respect Q9

to Q8 base to Q12 base

Positive -6 to -8 -5.7t0-7.7. | -5.4 10 Positive -6 to -8 -5.7t0-7.7. | -5.4 to -
-7.4. 7.4.

Negative -3 2.7 -2.4. Negative -3 -2.7 -2.4.

Normal -5.1 -4.8 -4.5. Normal -5.1 -4.8 -4.5.

4-7. Panel 5A2, Troubleshooting

a. Troubleshooting Chart|(fig. 6-12,6-28] |6-40)

ltem | symptom Probable trouble Correction

No.

1 No or incorrect wave form at J1 [ Q15 defective. Check signal at base of Q15. If present,
or teemina 1 (TO RADIO check Q15. If not present, proceed to step
XMTR) with TRAFFIC SEL 2.
switch operated to 12 and OL
control approximately midrange.

2 No signal at base of Q15. Q11, Q12, Q13, Q14 defective. Check signals at emitters of Q9 and Q10.

If present at both emitters, check Q11,
Q12, Q13, and Q14. If not present at one
or both emitters, proceed to step 3.

3 No signal at emitter of either Q9 | Q9, Q10 defective. Check signals at bases of Q9 and Q10. If

or Q10, or at both emitters. present, check Q9 and Q10. If not present
at one or both bases, proceed to step 4.
4 No signal at base of either Q9 or | Q1, Q2 defective. Check signal at emitter of Q1. If present,
Q10, or at both bases. check Q1 and Q2. If not present, proceed
to step 5.
5 No signal at emitter of Q1. Q3, @4, Q5, CR4, CR2 defective. Check signal at base of Q3. If present,
check Q3, Q4, Q5, CR4, and CR2. If not
present, proceed to step 6.
6 No signal at base of Q3. DL1 defective. Check waveform at J2 (terminal 5). If
correct, check DL1. If incorrect or
missing, proceed to step 7.

Change 2 4-4
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ltem symptom Probable trouble Correction

No.

7 No signal or incorrect signal at J2 | Q16, Q17, DL2 defective. Check signal at base of Q16. If present,
or terminal 5. check Q16 and Q17. If not present, check

DL2.

8 Incorrect waveform at terminal | Q18, Q19, Q20, CR26, CR27 | Check signal at emitter of Q7. If not
lwith TRAFFIC SEL switch at | defective. present, check Q18, Q19, Q20, CR26, and
241 (pcm-2 not interleaved with CR27. If present, proceed to step 9.
pcm-1).

9 Incorrect waveform at terminal 1, | Q7, Q8 defective. Check signal at J3 (base of Q7). |If
but with signal present at emitter present, check Q7 and Q8. If not present,
of Q7 (pcm-2 not interleaved proceed to step 10.
with pcm-1).

10 No signal at J3 (base of Q7). Q6 defective. Check signal at base of Q6. If present,

check Q6. If not present, proceed to step
11.
11 No signal at base of Q6. Q21, Q22 defective. Check signal at base, of Q21. If present,
check Q21 and Q22. If not present,
proceed to step 12.
12 No signal at base of Q21. CR15, CR16, CR17 defective or CR18, | Operation TRAFFIC SEL switch to 24R.
CRI9, CR20 defective. If signal at base of Q21 is still not present,
check CR15, CR16, and CR17. If signal
at base of Q21 is present, check CR18,
CR19, and CR20.

13 Incorrect waveform at terminal 1 | Q24, Q25, Q26, CR24, CR25, CR28, | Check waveform at emitter of Q23. If
with TRAFFIC SEL at 241 (faulty | or CR29 defective. present, check Q24, Q25, Q26,CR24,
pcm-2 interleaved with pcm-1). CR25, CR28, and CR29.If not present,

proceed to step 14.

14 No signal at emitter of Q23. Q23 defective. Check Q23.

15 Pcm in-1 meter (terminal 29) | CR2, CR4, C2, or C4 defective. Check CR2, CR4, C2, and C4.
does not read in green area of
TEST ALIGN meter.

16 Pcm in-2 meter (terminals 8 and | CR26, CR27, C22, or C4 defective. Check CR26, CR27, C22, and C4.

9) does not read in green area on
TEST ALIGN meter.

17 TO RADIO XMTR meter | CR8, CR9, C7, or C8 defective. Check CR8, CR9, C7, and C8.
(terminal 6) does not read in
green area on TEST ALIGN
meter.

18 Timing in meter (terminal 4) | CR12 or C10 defective. Check CR12 and C10.

does not read in green area on
TEST ALIGN meter, with correct
signal at J2




b. Transistor Terminal Voltages.
vtvm (Multimeter ME-26B/U or equivalent). The figure references are for waveform
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The transistor terminal voltages listed below were measured with a dc

measurements with the

AN/USM-140.
Transistor Base Emitter Collector Transistor Base Emitter Collector
Q1 5,fig. 640 || 7,1io. 6-40 | 8, fig. 6-40. || Q14 0+0.1 21,[fig. 6-40|| 24} fig. 6-40|
Q2 -1.0£0.1 7, fig. 6-4 9,[fig. 6-40. 1| Q15 24,[fig._6-40 | 25,[fig. 6-40 || 26[fig. 6-40
Q3 10, fig. 6-40 [111, fig. 6-40 |17, fig. 6-40._1| Q16 27,[fig.__6-40 | +0.2+0.05 | 2B.fig. 6-40
Q4 +4.5+0.5 or | 11,[fig. 6-40 | 0+0.1 Q17 28 [fig._6-40 | 29/[fig. 6-40

+0.24 : Q18 31[fig. 6-40 | 30[fig. 6-40 | 15[fig. 6-40]

1012 Q19 +45+050r | 30[fig.6-40 | 0+0.1.
Q5 -1.08£0.1 or | -0.3+t0.1 or | +4.5:0.5 or +0.3

+0.38 +0.24 +0.24 +0.1°

+0.12 +0.12 +0.12 Q20 -1.0+0.1 or -0.3+ +4.5+0.5 or
Q6 13, fig. 6-40 | 12,[fig. 6-40 || 14.fig. 6-40 +0.42 +0.31 +0.42
Q7 4, fig. 6-40 1| 15[fig. 6-40] | 8. fig. 6-40 +0.1° +0.1° +0.1°
Q8 -1.0£0.1 15, fig. 6-40 |9, fig. 6-40. || Q21 33, fig. 6-40 || 32[fig. 6-40]| 34.fig. 6-40|
Q9 9,fig. 6-40 116, fl[g. 6-40 | }4.5+0.135. | Q22 -1.0+ 0.1 32,[fig._6-40 1| 40[fig. 6-40]
Q10 8 fig. 6-40 |[|17, flg. 6-40 | }4.5+ 0.135. | Q23 36, fig. 6-40 | 35,[fig. 6-40 | -4.5+0.135
Q11 0+0.1 18, fig. 6-40 | 19, fig. 6-40 | Q24 37, fig.__6-40 | 0.4+0.05 38, [fig._6-40l
Q12 20, fig. 6-40 []18, fig. 6-40 || 39, fig. 6-40 | Q25 0t0-03°¢ 0+0.1 010-0.3¢
Q13 22, fig._6-40 [121, fig. 6-40 | 23, [fig._ 6-40.1| Q26 +0.18 + 0.05 | 0+0.1 -3940.4°¢

C

a Remove PCM-1 connector. Reconnect after making measurement.

may be

b Remove PCM IN-2 connector. Reconnect after making measurement.

cQ26.

4-8. Panel 5A3, Troubleshooting
a. Troubleshooting Chart|(fig. 6-13[6-29, )

¢ Depending on the state of flip-flop Q25, Q26, voltage readings

interchanged between bQ25 and bQ26, and between cQ25 and

terminal 26 (center leve),
terminal 27 (ternary pos level),
and termina 28 (ternary neg
level) with correct signal present
at 3.

Q33) or negative peak detector (Q34
through Q37) defective

ltem symptom Probable trouble Correction
No.
1 No waveform or incorrect wave- | Q5, Q6, Q7 defective Check signal at base of Q5. If present,
form at J3 or terminal 9 (clamped check Q5, Q6, and Q7. If not present,
radio signal). proceed to step 2.
2 No signal at base of Q5 Q3, 4, CR1, CR2 defective Check voltage at base of Q4. If present,
check Q3, Q4, CR1 and CR2. If not
present, proceed to step 3.
3 Incorrect voltage at base of Q4 Q1, Q2, C1, or C4 defective Check voltage at base of Q1. If correct,
check Q1 and Q2. If incorrect, check Q2,
C1, and C4.
4 No signal or incorrect signal at | Positive peak detector (Q30 through | Check dc levels at J5, J7, and terminal 26

with TRAFFIC SEL switch first at 12 and
then at 24 (1, S, or R), as described in the
note below. If dc levels incorrect, adjust
R83, R85, and R84. If correct dc level at
J5, J7, or terminal 26 cannot be attained
with R83, R85, and R84 adjustments,
respectively, proceed to steps 5 and 6.
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ltem Symptom Probable trouble Correction
No.
5 Correct dc levels cannot be attained | Positive peak detector (Q30 | Check that dc level or signal at terminal 31
with adjustments. through Q33) defective. (emitter of Q33) is equal to positive peaks of
signal at J3. If incorrect, check Q30 through
Q33. If correct, proceed to step 6.
6 Correct dc levels cannot be attained | Negative peak detector (Q34 | Check that dc level of signal at terminal 30
with adjustment. through Q37) defective. (emitter of Q37)is equal to negative peaks of
signal at J3. If incorrect, check Q34 through
Q37. If correct, proceed to step 7.
7 Correct dc levels at terminals 31 and | R83, R85,R84 defective. Check R83, R85, and R84.
30 (emitters of Q33 and Q37), but
correct dc levels at J5 and J7 cannot
be attained with R83 and R85
adjustments, or correct dc level at
terminal 26 cannot be attained with
R84 adjustment.
8 No waveform or incorrect wave-form | Decision circuits or flip-flop | Check signals at J2,J4, and J6 as described in
at J1 or terminal 22 (recovered pcm- | defective notes 1 and 2 below. If signals at J2 and J4
1) and/or terminal 20 (recovered arc incorrect, proceed to step 9. If signals at
pcm-2) with correct signals present J2 and J6 arc incorrect, proceed to step 10. If
at J3, J5, and J7. signals at J2,J4, and J6 are correct, proceed to
step 11.
Note

10

1. With TRAFFIC SEL switch at 12, check for: no signal at J2; positive-going timing pulses at J,and no pulses at J6
during the period that the waveform at J3 is undergoing a positive excursion; positive-going timing pulses at J6 and
no pulses at J4 during the period that the waveform at J3 is undergoing a negative excursion.

2. With the TRAFFIC SEL switch at 24 (I, S. or R), cheek for: positive-going pulses when the waveform at J3 falls
between the dc levels of J5 and J7; positive-going pulses at J4 only when the waveform at J3 is above the dc level of
J5; positive-going pulses at J6 only when the waveform at J3 is below the dc level of J7.

Incorrect signal at J2 and/or J4 Decision circuit Q8 through | , Check Q8 through Q13 and Q20 as described
Q13, Q20 defective in notes 1 through 3 below.

Note:
1. With TRAFFIC SEL switch at 12, perform the following checks during the period that the waveform at J3 is undergoing a positive excursion:

a. Check for a negative-going pulse (or pulses) at collator of Q10 and for a positive-going pulse (or pulses) at collector of Q11. If Incorrect indicators are
obtained, check Q10 and Q11.

b. Check for a positive-going pulse (or pulses) at collector of Q9 and for no signal at collector of Q12. If asignal appears at collector of Q12, check Q9, Q12,
and Q20. Check for pulses at J4 whenever pulses appear at collector of Q9. If pulses do not appear at M4, check Q13.

2. With TRAFFIC SEL switch at 12, check for a positive-going pulse (or pulses) at collector of Q12 during the period that the waveform at J3 is undergoing a
negative excursion. If pulses do not appear, check Q8 and Q12.

3. With TRAFFIC SEL switchat 24 (1, S. or R), check signal at J2. If signal isincorrect, check Q8 and Q23.
Incorrect signal at J2 and/or J6 Decision circuit Q23 through | Check Q23 through Q29 as described in notes
Q28, Q29 defective 1 through 3 below.

Notes.
1. With TRAFFIC SEL switch at 12, perform the following checks during the period that the waveform at J3 is undergoing a negative excursion:

a. Check for a negative-going pulse (or pulses) at collector of Q27 and for a positive-going pulse (or pulses) at collector of Q2 8. If incorrect indications are
obtained, check Q27 and Q28.

b. Check for a positive-going pulse (or pulses) at collector of Q2sand for no signal at collector of Q26. If asignal appearsat collector of Q20, check, Q25, Q26,
and Q29. Check for pulses at J6 whenever pulses appear at collector of Q25. If pulses do not appear at J6, check Q24.

2. With TRAFFIC SEL switch at 12, check for a positive-going pulse (or pulses) at collector of Q26 during the period that the waveform at J3 is undergoing a
positive excursion. If pulses do not appear, check Q23 and Q26.

3 With TRAFFIC SEL switchat 24 (1, S. or R), check signal at J2. If signal isincorrect, check Q8 and Q23.
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ltem Symptom Probable trouble Correction
No.
11. . . . Q16,Q17,Q19,Q21, Q22 | With TRAFFIC SEL switch at 24 (I, S. or
No signal at terminal 22(J1) with | joc /o R), check that flip-flop (Q17,Q19) is set or
signal present at J4,0or no signal at .
terminal 20 with signal present at r@et_whenever_a signal appears a J4 and J.
% If flipflop fails to set and reset, check,
Q16,Q17,Q19,Q21, and Q22.
12. . . T1,Q14,Q15,Q18 defective With TRAFFIC SEL switch at 24 (I, S. or
No signal at termind 22(J1) or R), check that flip-flop (Q17,Q19) changes
terminal 20 with signal present at . X
2 only state whenever a signal appears at J2. If flip-
flop does not change state, check T1,
Q14,Q15, and Q18.
13. . . CRI9,CR20,C21, or C22 | Check CR19,CR20,C21, and C22.
From radio rcvr meter (terminal :
. defective.
7) does not read in center green
areaon TEST ALIGN meter, with
proper signal at J3
14 SERV SEL position 6 does not dCeF:é;,i(\flejzm,Clg, or C20 | Check CR13,CR14,Cl9, and C20.
reed in green area on TEST '
ALIGN meter.
15. SERV SEL position A does not R81 defective Check continuity and value of R81.
reed in green area on TEST
ALIGN meter, with positive and
negative peak detector working
properly
16 No signal at terminal 8 R50 defective Check continuity and value of R50.

b. Transistor Terminal Voltages. The transistor terminal voltages listed below were measured with a dc vtvm

(Multimeter ME-26B/U or equivalent). Thefigure references are for waveform

measurements with the AN/USM-140.

Transisto | Base Emitter Collector Transistor Base Emitter Collector

r

Q1 +9.140.9 +9.440.9 +4.4+0.4. Q22 27,fig. 6-41 | 1,2[fig.6-41 || -4.5+0.135.

Q2 +8.1+0.8 +8.410.8 +4.1+0.4 Q23 38, flg. 6-41 [139,fig.6-41 -4.5+ 0.135.

Q3 +9.3+0.9 +9.7+0.9 10, fig. 6-41. [ || Q24 40, flg. 6-41 || 41{ig.6-41 || -4.5+ 0.135.

Q4 +4.1£0.4 10, fig_ 6-41 1| +0.33+0.1. Q25 42, fig. 6-41 || 43[fig.6-41 40fig.6-41]

Q5 11, fig. 6-41 | 12, fig. 6-41 || -4.5+0.135. Q26 44, fig. 6-41 || 43ifig.6-41 | | 38,fig.6-41]

Q6 12, fig. 6-41 {]13,fl[g. 6-41 | -4.540.135 Q27 +4.5+ 0.5 45ffig.6-41 42fig.6-41]

Q7 13, fig. 6-41 [|14,fig. 6-41 | -4.5+0.135 Q28 4 {io. 6-41 || 46fiq.6-41 | | 44.fiq.6-41]

Q8 15, fig. 6-41 || 16, fig. 6-41 || -4.5+0.135. Q29 35, fig. 6-41 1| 46[fig.6-41 43fig.6-41]

Q9 17, fig. 6-41 {119, fip. 6-41  [118, flg. 6-41. [ | | Q30 5, fig. 6-41 || +5+0.5 47[fiq.6-41]

Q10 4 fio. 6-41 | 20, fig. 6-41 |17, fig. 6-41. | 1| Q31 47, flg. 6-41 | +0.38+0.1

Q11 +5.240.5 20, flg. 6-41  [121,flg. 6-41. [ ]| Q32 +5.740.6 +5.040.5 0+0.1

Q12 21, fig. 6-41_[119, filo. 6-41 |15, fig. 6-41. [ | | Q33 +5.8+0.6 +5.0+ 05 +10.0+0.3.

Q13 18, fig. 6-41 || 22, fig. 6-41 | -4.5+0.135. Q34 5,fig.5-41 +4.040.4 47\fig.6-41

or -0.07 £0.02.

Q14 24, fig. 6-41 2% fig. 6-41] 23 [fig._6-41] Q35 47.fig.6-41 or +0.26+0.1 (fig.6-41
-0.07 +0.02.

Q15 27,1ig. 6-41 | | 23, fig. 6-41 26,[fig. 6-41] Q36 +3.7+0.4 +4.0+0.4 0+0.1

Q16 29,fig. 6-41 | | 30, fig. 6-41 28 [fig. 6-41] Q37 +3.4+0.4 +3.7+04 0+0.1.

Q17 31, fig. 6-41 || 30, fig. 6-41 26,[fig. 6-41]

Q18 32,fig. 6-41 | | 23, fig. 6-41 23,[fig. 6-41]

Q19 33, fig_6-41 1 | 34.fig_6-41 23 [fig._6-41l

Q20 35, fig._ 6-41 | | 36.fig._6-41] 18 [fig_6-41]

Q21 37, fig. 6-41 | 36, fig. 6-41 fig. 6-41
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4-9. Panel 5A4, Troubleshooting

a. Troubleshooting Chartl(fig. 6-14,16-30, b-42).

TM 11-5805-367-35/1

Item Symptom

No.

1 No waveform or incorrect wave-
forom at J1 or terminal 31(xtal
filter drive).

2 No signal at base of Q8

3 No signal at collector of Q6

4 No signal at base of Q5

5. No signal at collectors of Q3 and
Q4

6 No waveform or incorrect wave-
form at terminal 7 (12-channel
timing-1).

7 No waveform or incorrect wave-
form at termina 13 (12-channel
timing-2).

8 No signal at bases of Q15 and
Q17.

9 No signal at base of Q13

10 No signal at base of Q11

11 Incorrect voltage (0.15 volt +0.15)
at terminal 1 (traffic alarm
contral).

12 Incorrect voltage (9.9 volts +0.3)
at terminal 15 (radio signal
detector).

13 SERV SEL position G does not

reead in green area on TEST
ALIGN meter with correct signal
at JL.

Probable trouble

Q8 defective

Q7, DL1 defective

Q5, Q6, CR3, CR4 defective

CRT, CR2 defective

Q1, Q2, Q3, Q4 defective

Q17 defective

Q15, Q16, DL2 defective

Q13, Q14, CR6 defective

Q11, Q12, T1 defective

Q9, Q10, FL1 defective

OR?,

CR8, CR9

Q18, QI9,
defective.

Q20, Q21, CR10, CR11 defective

CR5 or C8 defective

Correction

Check signal at base of Q8. If present,
check Q8. If not present, proceed to
step 2.

Check signal at collector of Q6. If
present, check Q7 and DL1. If not
present, proceed to step 3.

Check signal at base of Q5. If present,
check Q5, Q6, CR3, and CR4. If not
present, proceed to step 4.

Check signal at collectors of Q3 and Q4.
If present, check CR1 and CR2. If not
present, proceed to step 5.

Check Q1, Q2, Q3, and Q4.

Check signal at base of Q17. If present,
check Q17. If not present, proceed to
step 8.

Check signal at base of Q15. If present,
check Q15, Q16, and DL2. If not
present, proceed to step 8.

Check signal at base of Q13. If present,
check Q13, Q14 and CR6. If not
present, proceed to step 9.

Check signal at base of Q11. If present,
check Q11, Q12 and T1. If not present,
proceed to step 10.

Check signal at base of Q9. If present,
check Q9 and Q10. If not present,
check FL1.

Check voltage at base of Q19. |If
presents check Q19. If not present,
check Q18 and CR?7 through CRO.
Check signal at emitter of Q20. If
present, check Q21, CR10, and CR11.
If not present, check Q20.

Check CR5 and C8.
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b. Transistor Terminal Voltages.

TM 11-5805-367-35/1

The transistor terminal voltages listed below were measured with a dc
vtvm (Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the

AN/USM-140.

Transisto | Base Emitter Collector Transistor Base Emitter Collector

r

Q1 1,fig. 6-42 || 3[fig. 6-42 | | . fig. 6-42| Q12 2, fig. 6-42. 23 fig. 6-42 | -4.5+ 0.135.

Q2 +4.8+0.5 3, fig. 6-42 4 fig. 6-42| Q13 24, fig. 6-42 25, fig. 6-42 || 0+ 0.1.

Q3 4, fig. 6-42 || 6/fig. 6-42 | | B.fig. 6-42] Q14 +4.4:+ 0.4 25, fig. 6-42 || 26, fig. 6

42.
Q4 2,fig. 642 | 6,ffig. 6-42 | | 1._fig. 6-42] Q15 26, fig. 6-42. | 27,fig. 6-42 [|-45 +
- 0.135.

Q5 8, fig. 6-42 9lfig. 6-42 4.5+0.135. Q16 28, fig. 6-42 30,lfig. 6-42 | -4.5+0.135.

Q6 11, fig. 6-42 [|12, fig. 6-42 []10, fig. 6-42. Q17 26, fig. 6-42. | 29[fig. 6-42 | -4.5+0.135.

Q7 13,ffig. 6-42 || 14, fig. 6-42| | -4.5+0.135. Q18 18, fig. 6-42 31,fig. 6-42 | -4.5+0.135.

Q8 14, fig. 6-42 || 15, fig. 6-42 || -4.5+0.135. Q19 +0.75:+:0.2 0+0.1 +0.15+0.15.

Q9 16, fig. 6-42 | 17,fig. 6-42 || 4.5+0.135. Q20 3-21ig. 6-42 || 32,[fig. 6-42 | 0+0.1.

Q10 19, fig. 6-42 {120, filp. 6-42 118, filg. 6-42. Q21 +9.6+03 +10.0+03 | +9.9+0.3.

Q11 18, fig. 6-42 || 21, fig. 6-42 -4.5+0.135

4-10. Panel 5A5, Troubleshooting

a. Troubleshooting Chart[(fig. 6-153[6-31.]6-43).
ltem Symptom Probable trouble Correction
No.
1 No waveform or incorrect wave- | Q6 defective Check signal at base of Q6. If present,
form at terminal 27 (24-channel check Q6. If not present, proceed to
timing-1). step 3.
2 No waveform or incorrect wave- | Q9 defective Check signal at base of Q9. If present,
form at terminal 29 (34-channel check Q9. If not present, proceed to
timing-2). step 3.
3 No signal at bases of Q6 and Q9 Q7, Q8, CRT, CR2 defective Check signal at J1. If present, check
Q7, Q8, CRT, and CR2. If not present,
proceed to step 4.

4 Nosignal at J1 Q3, Q4, T1 defective Check signal at base of Q3. If present,
check Q3, Q4, and T1. If not present,
proceed to step 5.

5 No signal at base of Q3 Q1, Q2, FL1 defective Check signal at base of Q1. If present,
check Q1 and Q2. If not present, check
FL1.

6 No waveform or incorrect wave- | Q14, CR11 CR12 defective Check signal at base of Q14. If present,
form at J2 or terminal 6 (decision check Q14, CR11, and CR12. If not
timing). present, proceed to step 7.

7 No signal at base of Q14 Q12, Q13, CR8, CR9, CRI10 | Check signal at collector of Q12. If

defective. present, check Q13, CR9, and CR10. If
not present, check Q12 and CR8.

8 No waveform or incorrect wave- | Q17, Q18, CR16, CR18 defective Check signal at base of Q18. If present,
form at J3 or terminal 3 (count- check Q18 and CR18. If not present,
down timing). check Q17 and CR16.

9. Incorrect output (traffic alarm | Q15, Q16, or C27 defective; or Q5, | Observe K1. If energized, check Q15,
present) at terminal 14 (-1.4 volts | Q10, CR3, CR4, CR5, or K1 | Q16, and C27. If de-energized, check
1 0.4); delayed traffic alarm with | defective. Q5, Q10, CR3, CR4, CR5, and K1.
signal present at J1
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ltem Symptom Probable trouble Correction

No.

10 Incorrect output (no traffic alarm present) at | Q15,Q16, or C27 defective; | Observe E1.  If de-energized,
terminal 20(-12 volts =+ 1) with TEST-OPR | or Q5,Q10,CR3,CR4,CRS5, or | check Q15, Q16, and C27. |If
switch at OPR. B1 defective. energized, check

Q5,Q10,CR3,CR4,CR5, and K1.

11 SERV SEL position E (countdown timing | QI9,CR17, or C26 defective | Check Q19,CR17, and C26.
meter, terminal 2) does not read in green area
on TEST ALIGN meter with signal at terminal
6.

12 SERV SEL position F (decision timing meter, | CR13,CR14,C20, or C21 | Check CR13,CR14,C20, and C21.
terminal 7) does not read in green area on | defective.

TEST ALIGN meter with proper signal at
terminal 6.

13 SERV SEL position C (xtal fiber meter, | Q11,CR6,CR7,C10, or C11 | Check Q11,CR6,CR7,C10, and
terminal 15) does not read within or to right of | defective. C11.
green area on TEST ALIGN meter, with
signal present at J1.

ALIGN meter, with signal present at J1.
14 SERV SEL position D (traffic meter, terminal | R21 defective Check R21 for continuity and

28)does not read in green area on TEST
ALIGN meter, with correct output at terminal
20(-1.4volts.+0.4).

correct value.

b. Transistor Terminal Voltages. The transistor termina voltages listed below were measured with a dc vivm
(Multimeter ME-26B/U or equivalent). Thefigure references are for waveform measurements with the AN/USM-140.

Transisto | Base Emitter Collector Transistor Base Emitter Collector
r
Q1 14, fig. 6-43 | 15, fig. 6-43. | | -4.5+0.135. Q11 1,fig. 643 || 24 fig. 6-43 || -4.5+0.135.
Q2 16, fig. 6-43 | 117, fig. 6-43. | 18, fig. 6-43.| || Q12 26, tig. 6-43 || 27.fig. 6-43| | 24, fig. 6-43|
Q3 18,ffig. 6-43 || 18| fig. 6-43| | -4.5+0.135. Q13 29, fig. 6-43. | 3d.fig. 6-43| | 2§, fig. 6-43|
Q4 1,[fig. 6-43 | | L. fig. 6-43 -4.5+0.135. Q14 28, fig. 6-43 || 32[fig. 6-43] | 31 fig. 6-43
Q5 1,lfig. 6-43 | | 19.fig. 6-43 -4.5+0.135. Q15 -0.740.1 -1.4+0.4 0+0.1.
Q6 20, fig. 6-43 | 10, 11, fig. 6- | -4.5+4 0.135. Q16 0+0.10r-0.2. | -07 + 0.4 0+0.1
43,
Q7 22, flg. 6-43 | P3,fig. 6-43. | 21,flg. 6-43. | || Q17 34, fig. 6-43 || 35 fig. 6-43] | 33, fig. 6-47)
Q8 23, fig. 6-43 | 3, fifl. 6-43 || 20, flg. 6-43. | ]| Q18 33, fig. 6-43 [ 4,5, fig. 6- | -4.5+0.135.
43,
Q9 21, fig. 6-43 |12, fid. 6-43 }4.51+ 0.135. Q19 -0.2+0.1 0+0.1 -0.1+0.1.
Q10 +0.7310.1 0+0.1 +0.164 0.1.
Change 2 4-11
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4-11. Panel 4A6/5A6, Troubleshooting
a. Troubleshooting Chart (fig. 6-19, 6-24l| 6-25).
ltem Symptom Probable trouble Correction
No.
1 No waveform or incorrect waveform at J2 or | 3,Q5,CR5,CR6 defective. Check signa at pin 2 of Z3. |If
terminal 21 (tim out-1). present, check Z3. If not present,
check Q5,CR5, and CR6.
2 No waveform or incorrect waveform at | Q6 defective Check Q6.
terminal 20 (timing A).
3 No waveform or incorrect waveform at J1 or | Z12,Q10,CR11,CR12 Check signal at pin 2 or Z12. |If
terminal 31 (tim out-2). defective present, check Z12. If not present,
check Q10,CR11, and CR12.
4 No waveform or incorrect waveform at J5 or | Q11 defective Check Q11.
terminal 26 (timing B).
5 No waveform or incorrect waveform at J4 or | Q16 defective Check signal at base of Q16. If
terminal 1 (8-kc address-1). present, check Q16. If not present,
proceed to step 7.
6 No waveform or incorrect waveform at J3 or | Q15 defective Check signal at base of Q15. If
terminal 19 (8-kc address-2). present, check Q15. If not present,
proceed to step 7.
7 No signal at base of Q15 or Q16, or at both | One or more of modules Z4 | Check signal at pin 3 of Z11. If
bases. through Z11; Q7, Q8, QO9, | present, check Z11. If not present,
CR10;Q12,Q13,Q14, and | work backward checking pin 3 of
CR14 defective. Z10, 79, 78, Z7, 26,75, and Z4
sequentially  until  signal s
recovered. When signal is
recovered, check the first module
which has an input at pin 3. If
signal at Z11 or Z10 is incorrect,
check Q12,Q13,Q14, and CR14.
If signal at Z5 to Z11 is incorrect,
check A7, Q8,Q9, and CR10. If
signal is incorrect at pin 3 of Z4,
proceed to step 8.
8 No waveform or incorrect waveform at | Q4, Z1 defective Check signa at pin 2 of Z1. |If
terminal 4 (medium traffic 8-kc contral). present, check Q4 and Z1. If not
present, proceed to step 9.
9 No signal at pin 2 of Z1 Q3,CR1 defective Check signal at collector of Q2. If
present, check Q3 and CRT. If not
present, proceed to step 10.
10 No signal at collector of Q2 Q1,Q2,DL1,CR2 defective Check signal at base of Q2. |If
present, check Q2,DL1, and CR2.
If not present, check Q1.
11 No waveform or incorrect waveform at | Q4,Z2,CR3,CR4 defective With ADDRESS switches on both

terminals 21 and 31 with TRAFFIC SEL
switch at 24S (loss of skipping operation when
unit is out of frame).
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the master and dave TD-352/U
units at SLAVE, check waveform
at terminal 18. The timing pulses
at this point should be blanked out
whenever a skip pulse is presented
at input terminal 30.

If timing pulses at terminal 18 are
not blanked out, check for pulses
at pin 10 of Z2. If pulsesat pin 10
of Z2 are present, check Q4. If not
present, check Z2,CR3, and CR4.
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ltem Symptom Probable trouble Correction
No.
12 SERV SEL position H (medium-traffic timing | CR8, CR9, C8, or C9 | Check CR8, CR9, C8, and C9.
out-1 meter, terminal 14) does not read in | defective
green area on TEST ALIGN meter, with
correct signal at J2.
13 SERV SEL position J (medium traffic liming | CR15, CR16, C31, or C33 | Check CR15, CR16, C31, and
out-2 meter, terminal 27) does not read in | defective. C33.
green area on TEST ALIGN meter, with
correct signal at J1.
14 SERV SEL position K (8-kc address-1 meter, | R45 defective Check R45.
terminal 2) does not read in green area on
TEST ALIGN meter, with correct signal at J4.
15 SERV SEL position L (8-kc address-2 meter, | R42 defective Check R42.

terminal 17) does not read in green area on
TEST ALIGN meter, with correct signal at J3.

b. Transistor Terminal Voltages. The transistor terminal voltages listed below were measured with a dc
vtvm (Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with
the AN/USM-140.

Transisto | Base Emitter Collector Transistor Base Emitter Collector

231 10, fig. 6-44 | 0+0.1 11, fig. 6-44. [ 1| Q9 24,fig. 6-44 []21, fig. 6-44 | 23, fig. 6-
Q2 12[fig. 6-44 13, fig. 6-44. [ ]| Q10 25, fig._6-44_[]26, fig._6-44 g;t fig. 6-
Q3 14, fig. 6-44 ]| 0+ 0.1 15, fig. 6-44. | 1| Q11 27,fig_6-441| 9.fig. 6-44 iﬁsi 0.135.
Q4 -6.5+0.6 -45+ 0.135 8,[fig. 6-44 Q12 28, fig. 6-44 |30, filg. 6-44 29, fig. 6-
Q5 16, fig. 6-44 |17, fig. 6-44  [|18,flg. 6-44 | || Q13 31, fig. 6-44 | 0+0.1 gg fig. 6-
Q6 18,[fig. 6-44 || 9, fig. 6-44 -4.5+0.135. Q14 32, fig. 6-44 129, fig. 6-44 gg fig. 6-
Q7 19, fig. 6-44 | PO, fif. 6-44  [|21, filg. 6-44. | || Q15 34, fig. 6-44 || 4. fiq. 6-44 ﬁ'sio.ms.
Q8 22,fig. 6-44 | 001 20 fid., 6-44] Q16 35, fig. 6-44 || 4.fig. 6-44 -4.5+0.135.
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c. Module Terminal Voltages. The module terminal voltages listed below were measured with a dc vtvm
(Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the

AN/USM-140.
Module 2 3 5 8 9 10
Z1 15, 36, 8,
[fig.6-44 [fig.6-44 | fig.6-
44
Z2 -0.12 -0.35 +0.66
+ 0.05 + 0.05 +0.1
Z3 18, 2,
0 44 O 44
Z4 7, 37, 37, 6,
|fig.6-44 |[fig.6-44 [fig.6-44 |[fig.6-44
Z5 38, 39, 39,
lfig.6-44 |[fig.6-44 fig.6-
44
Z6 40, 41, 41, 42,
|fig.6-44 |[fig.6-44 [fig.6-44 |[fig.6-44
z7 43, 44, 44,
[fig.6-44 |[fig.6-44 0.6-44
Z8 45, 46, 46,
|fig.6-44 |[fig.6-44 0.6-44
Z9 47, 48, 48,
lfig.6-44 |[fig.6-44 fig.6-
44
Z10 49, 50, 50, 51,
[fig.6-44 |[fig.6-44 [fig.6-44 |[fig.6-44
Z11 35, 52, 52, 34,
[fig.6-44 |[fig.6-44 [fig.6-44 |[fig.6-44
Z12 1,
fig.6-44
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4-11.1. Panel 4A11, Troubleshooting

a. Troubleshooting Chart (figs. 6-19.1) 6-24.11, 6-25.1)

Iltem No. Symptom

1 No waveform or incorrect
waveform at J2 or
terminal 21 (tim out-1).

2 No waveform or incorrect
waveform at terminal 20
(timing A).

3 No waveform or incorrect

waveform at J1 or
terminal 31 (tim out-23.

4 No waveform or incorrect
waveform at J5 or
terminal 26 (timing B).

5 No waveform or incorrect
waveform at J4 or
terminal 1 (8-kc address-

1).

6 No waveform or incorrect
waveform at base of
Q16.

7 No waveform or an
incorrect waveform at

emitter of Q16

8 No waveform or an
incorrect waveform at J3
or terminal 19 (8-kc
address 2).

9 No signal at base of Q14

or Q15 or at both bases.

10 No waveform or an
incorrect waveform at
pins 1, 3, and 11 of all.

11 No waveform or an
incorrect waveform at pin
3 of Z11.

12 No waveform  organ
incorrect waveform at
base of Q6.

13 No waveform or an incorrect

waveform at pins 1 and Al of Z11.

Probable trouble

Z1, Q1, CR1, or
defective.

CR2
Q2 defective.

Z2, Q3, CR3, and CR6
defective.

Q4 defective.

Q16 defective.

DLI defective.

Q15 defective.

Q14 defective.

Z11 defective.

Z3 defective.

Q6, Q7, CR7, or CRS8
defective.
Q5, C13, R8, or R9
defective.

One or more modules Z4 through
Z10; Q8, Q9, Q10, CR11; Q11
Q12 Q13, or CR12 defective.

4-14.1
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Correction

Check signal at Pin 2 of Z1. If present,
check Z1. If not present, cheek Q1,
CRT, and CR2.

Check Q2.

Check signal at pin 2 of Z2. If present,
check Z2. If not present, check Q3,
CR3, and CR6.

Check Q4.

Check signal at base of Q16. If present,
cheek Q16. If not present, proceed to
step 6.

Check signal at emitter Of Q15. If
present, check DL1. If not present,
proceed to step 7.

Check signal at base of Q15. If present,
cheek Q15. If not present, proceed to
step 9.

Check signal at base of Q14. If present,
check Q14.If not present, proceed to
step 9.

Check signal at Pins 1, 3, and 11 of
Z11. If all signals are present, check
Z11. If all signals are not present or
incorrect, proceed to step 10. If signal is
not present at pin 3, proceed to step 11.
If signal is not present at pins 1 and 11,
proceed to step 13.

Check Z3.

Check signal at emitter of Q7 and at
base of Q6. If signal is present at
emitter of Q7, check CRS. If not present
at emitter of Q7, check Q7. If signal is
present at base of Q6, check Q6 and
CRY7. If signal is not present at base of
Q6, proceed to step 12.

Check signal at emitter of Q5. If
present, cheek C13, R8, and R9. If not

present, check Q5.

Check signal at pin 3 of ZI0. If 2 present, check Z10.
If not present, work backward checking pin 3 of Z9,
78, Z7, 76, 75, and Z4 sequentially until signal is
recovered or appears correct. Where signal

C 1. TM 11-5805-367-35/1



Item No.

14

15

16

17

Symptom

SERV SEL position H
(timing out-1 meter, terminal
15) does not read in green
area on TEST ALIGN meter,
with correct signal at J2.
SERV SEL position J (timing
out-1 meter, terminal 28)
does not read in green area
on TEST ALIGN meter, with
correct signal at J1.

SERV SEL position K (8-kc
address-1 meter terminal 2)
does not read in green area
on TEST ALIGN meter, with
correct signal at J4.

SERV SEL position L (8-kc
address-1 meter terminal 17)
does not read in green area
on TEST ALIGN meter, with
correct signal at J3

Probable trouble

CR4, CR5, C6, or C7
defective.

CR9, CR10, C8, or C9
defective.

R32 defective.

R29 defective.

Correction

first appears correct, check the
module that has an input at pin 3. If
signal at Z10 or Z9 is incorrect, check
Q11, Q12, Q13, and CR12. If signal at
Z4 to Z10 is incorrect, check Q8, Q9,
Q10 and CR11.

Check CR4, CR6, C6, and C7.

Check CR9, CRIB, C8, and C9.

Check R32.

Check R29.

b. Transistor Terminal Voltages. The transistor terminal voltages listed below were measured with a dc vtvm
(Multimeter ME-26B/U or equivalent). The figure reference are for waveform measurements with the AN/USM-

140.
Transistor

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15
Q16

Base

1, 5645
3,[fig. 6-44. 1]
1,[fig. 6-44. 1
3,[fig. 6-44. 1
6,[fig. 6-44. 1]
7.[fiq. 6-44. 1
10,[fig. 6-44. 1
24 [fig. 6-44]
19, fig. 6.44
22,

32,[fig. 6-2
28, [fig. 6-2
31[fig. 6-2
12 [fig. 6- 44
14[fig. 6-44.1)
16@

l\

!!r\!!r\!!r\

Emitter

8,[fig. 6-44. 1
11/ fig. 6-44. 1
21 [fig. 6-44
20/ fig 6-44
0+0.1

29[fig. 6-4
30, [fig. 6-2
0+0.1

13,[fig. 6-44. 1|
16,[fig. 6-44. 1|
17 [fig. 6-44. 1|

NS

Collector

3,lfig. 6-44.1

-4.5+0.135
3,[fig. 6-44.1]
-4.5 +0.135
+4.5 +0.135

9,lfig. 6-44 .1

-4.5+0.135

21, fig. !
20,fig 6
33,Lfig. 6-4

29,[fig. 6-4
30,Lfig. 6-4

+4.5 +0.135
-4.5 £135
+4.5 £ 0.135

N IN S r\IIr\
== || |

c. Module Terminal Voltages. The module terminal voltages listed below were measured with a dc vitvm
(Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the
AN/USM-140.
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ZorQ
NUMBER 1 2 3 4 5 6 7 8 9 10 11
Z1 6-44. 1 6- +10 +0.3 | +4.5 18, fig. 6- | -4.5
441 +0.135 441 +0.135
Z2 3, fig. 6- +10+0.3 +4.5 18, fig. 6- | -4.5+0.
441 +0.135 44.1 135
Z3 5, fig. 6| 19, fig. 6- | -4.5 0.0+0.1 +4.5 -4.5 -4.5 19, fig. 6-
441 44.1 +0.135 +0.135 +0.135 +0.135 441
Z4 38, fig. 6| 39, fig. 6- | -4.5 0.0+0.1 +4.5 -4.5 -4.5 39, fig. 6-
44 44 +0.135 +0.135 +0.135 +0.135 44
Z5 40, fig. 6- | 41, fig. 6- | -4.5 0.0+0.1 +4.5 -4.5 -4.5 41, fig 6- | 42, fig. 6
44. 44 +0.135 +0.135 +0.135 +0.135 44. 44
Z6 43, fig. 6- | 44, fig. 6- | -4.5 0.0+0.1 +4.5 -4.5 +|-45 44, fig 6-
44. 44 +0.135 +0.135 0.135 +0.135 44
Z7 45, fig. 6- | 46, fig. 6- | -4.5 + | 0.0+0.1 +4.5 -4.5 -4.5 46, fig 6-
44 44 0.135 +0.135 +0.135 +0.135 44.
Z8 47, fig. 6- | 48, fig. 6- | -4.5 0.0+0.1 +4.5 -4.5 -4.5 48, fig 6-
44 44 +0.135 +0.135 +0.135 +0.135 44.
Z9 49, fig. 6- | 50,-fig. 6- | -4.5 0.0+0.1 +4.5 -4.5 -4.5 50, fig 6- | 51, fig. 6-
44 44 +0.135 +0.135 +0.135 +0.135 44 44
Z10 35, fig; 6- | 52, fig. 6- | -4.5 0.0+0.1 +4.5 -4.5 -4.5 52, fig 6- | 34, fig. 6-
44. 44 +0.135 +0.135 +0.135 0.135 44, 44
711 35, fig. 6- | 12, fig. 6- | 9, fig. 6-|-12 +0.36 0.0+0.1 | +4.5 -4.5 14, fig. 6- | 34, fig. 6-
44 44.1 44.1 +0.135 +0.135 441 44.
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4-12. Panel 4A7/5A7,Troubelshooting

TM 11-5805-367-35/1

a. Troubleshooting Chartl(fig. 6-10] 6-26][6-45). |

Item No. Symptom Probable trouble Correction
Note. Prior to troubleshooting panel 4A7/6A7, adjust the order-wire level of the TD-202/U test unit as follows: |
Connect the audio oscillator UNBAL. OUTPUT test lead prod through a 510 ohm resistor to the center
conductor and the A test lead prod to the shield ground of the T-connector (FROM RADIO RCVR connector on
the TD-202/U test unit). Adjust the audio oscillator output for 1,000 cps at 0.07 volt rms. Operate the SERV SEL
switch to the O position and adjust the ORDER WIRE LEVEL control of the TD-202/U test unit for a center-
scale hairline indication on the TEST ALIGN meter. After adjusting the order-wire level of the TD-202/U test unit,
disconnect the audio oscillator test lead prods from the T-connector and remove the 4A7/5A7 and extender
panels from the TD-202/U test unit. Using the panel extender, connect the 4A7/5A7 panel under test to the TD-
202/U test unit

1 No waveform or incorrect | Q1, Q3 defective Check that voltage at base of Q3 varies as
wave form at J1 or terminal RL control on panel 5A3 is varied. If proper
30 (J1 test). indication is obtained, check Al and Q3. If

not, check Q3 and then proceed to step 2.

2 Amplitude of J1 or terminal | Q6, Q7, Q8, Q9 | Check voltage at bases of Q6 and Q7. If
30 waveform does not vary | defective present at both bases, check Q6 through
with amplitude of terminal 7 Q9. If not present at one or both bases,
wave-form when RL control proceed to step 3.
on panel 5A3 is varied.

3 Incorrect voltage at one or | T1, CRT, CR3 | Check voltage at emitters of Q4 and Q5. If
both bases of Q6 and Q7. defective correct at both emitters, check T1, CRT,

and CR2. If incorrect at emitter of Q4 only,
proceed to step 4. If incorrect at emitter Q5
only, proceed to step 5.

4 Incorrect voltage at emitter | Q2, Q4 defective Check Q2 and Q4.
of Q4

5 Incorrect voltage at emitter | Q5 defective Check voltage at collector of Q17. If correct,
of Q5 check Q5. If incorrect, proceed to step 6.

6 Incorrect voltage at collector | Q17 defective Check voltage at base and emitter of Q17. If
of Q17. correct at both base and emitter, check

Q17. If incorrect at base only, proceed to
step 7. If incorrect at emitter only, check
Q17 and then proceed to step 8.
7 Incorrect voltage at base of | Q10 defective Check Q10.
Q17.

8 Incorrect voltage at emitter | Q15 or Q16 defective Check Q15 and Q16.
of Q16

9 No indication or incorrect | CR3, CR4, C19, or | Check signal at J4. If present, check CR3,
indication on TEST ALIGN | C20 defective CR4, C19, and C20. If not present, proceed
meter with SERV SEL to step 10.
switch at 0, and 1,000-cps
audio signal at 0.07 volt rms
injected into FROM RADIO
RCVR connector on TD-

202/U front panel (no signal
or incorrect signal at
terminal 1).

10 No signal at J4 with proper | Q12, Q13, or Q14 | Check voltage at base of Q12. If correct,

voltage at collector of Q17 defective check Q12, Q13, and Q14, then proceed to
step 11.

11 No signal at J4 with Q12, | Q11 of FL1 defective Check voltage at emitter of Q11. If correct,
Q13, and Q14 normal. check FLL1. If incorrect, check Q11.

12 No waveform heroes | T2 defective Check T2

terminals 5 and 3 with
correct signal at J4
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b. Transistor Terminal Voltages. Tile transistor terminal voltages listed below were measured with a do vtvm
(Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the

AN/USM-140.

Transistor | Base | Emitter Collector Transistor | Base Emitter Collector

Q1 2, fig. 6-45 | 1, fig. 6-45 | -4.5+0.135. Q10 5, fig. 6-45 || 6, fig. 6-45 [|-4.5+0.135

Q2 2, fig. 6-45 | 4, fid. 6-45 | -4]5+0.135. Q11 -2.5+0.3 -2.240.3 -4.540.135

Q3 -4.51t0 +1 1, fig. 6-45 | -#.5+0.135. Q12 +4.9+0.4 +5.3+0.4 -0.2+0.4

Q4 -1.9+0.3 1.71+0.3 -4.5+0.135. Q13 -0.2+0.4 +0.1+0.4 -4.5+0.135

Q5 -2.5+0.3 -2.2+0.3 -4.5+0.135. Q14 2 040.1 +0.340.2 -4.5+0.135

Q6 +5.1+0.8 +5.3+0.8 +3+3. Q15 3, fig. 6-45 || 7, fig. 6-45 || -4.5+0.135

Q7 +5.1+0.8 +5.3+0.8 +3+3. Q16 -0.1340.2 -0.08+0.2 -2.61£0.3

Q8 +3+3 +1.5+1.0 +1 to-4.5. Q17 +0.340.2 +0.5+0.2 -2.5+0.3

Q9 +3+3 +1.5+1.0 -4.5to0 +1.

& QOrder wire lever control operated fully counterclockwise

4-13. Panel 4A8/548, Troubleshooting

a. Troubleshooting Chart [(fig.. 6-1}ll, 6-27,5-46)

ltem Symptom Probable trouble Correction

No.

1 No waveform or incorrect | Q7 defective Check signal at collector of Q6. If

waveform at J1 or terminal 31 present, check Q7. If not present,
(PCM OUT-1). proceed to step 2.

2 No signal at collector of Q6 Q4, Q5, Q6, CR3 defective | Check signals at collectors of Q1
and Q2. If present at both collectors,
check Q4, Q5, Q6, and CR3. If not
present at one or both collectors,
proceed to step 3.

3 No signal at collector of either | Q1, Q2, Q3, CR1, CR2 | Check signal at collector of Q3. If

Q1 or Q2, or at both collectors. | defective present, check Q1 and Q2. If not
present, check Q3, CR1, and CR2.

4 No waveform or incorrect | Q14 defective Check signal at collector of Q3. If

waveform at J2 or terminal 30 present, check Q14. If not present,
(PCM OUT-2). proceed to step 5.
5 No signal at collector of Q13 Ql1, Q12, CR8 | Check signals at collectors of Q8
defective and Q9. If present at both collectors,
check Q11, Q12, Q13, and CR8. If
not present at one or both collectors,
proceed to step 6.
6 No signal at collector of either | Q8, Q9, Q10, CR6, CR7 | Check signal at collector of Q10. If
Q8 or Q9, or at both collectors. | defective present, check Q8 and Q9. If not
present, check Q10, CR6, and CR7.

7 No waveform or incorrect | Q22 defective Make necessary connections and

waveform at J7 or terminal 1 set controls to obtain out-of-frame

(skip pulse) when the unit is out condition (see note below). Check

of frame. signal at base of Q22. If present,
check Q22. If not present, proceed
to step 8.

Note.  Operate TRAFFIC SEL switch on TD-202/U to 24S. Operate ADDRESS switch on master TD-352/U

to SLAVE.
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Item No.

Symptom

Probable trouble

Correction

8

10

11

12

13

14

15

16

17

18

No signal at base of Q22

No signal at base of Q21

No signal at J8

Incorrect voltage at base of
Q20 and/or incorrect emitter
voltage at Q19.

Incorrect signal at J4

Q20, Q21, Q23, or CR15
defective

CR13, CR14 defective

Q15, Qi16, Q17, Q1is,
CR11, CR12 defective.

Q19 defective

Q31, Q32, Q33, Q34
defective

Check for pulse signal at base of
Q21. If not present, proceed to step
9. If present, check do voltage at
base of Q20. If do voltage at base
of Q20 is more negative than at
base of Q23, check Q20, Q21, Q23,
and CR15. If do voltage at base of
Q20 is more positive than that at
base of Q21, proceed to step 11.
Check signal at J8. If not present,
proceed to step 10. If present, check
voltage at emitter of Q19. The
signal should be a random square
wave varying between O volt and-
4.5 volt). If correct, check CR13 and
CR14. If incorrect, proceed to step
11.

Check signal at base of Q16. If
present, check Q16, Q17, Q18,
CR11, and CRIB. If not present,
check Q15.

Check for random square wave (0
volt to + 4.5 volts) at J4. If present,
check Q19. If not present, proceed
to step 12.

Check signal at base of Q34. If not
present, proceed to step 13. If
present, check signal at J3. If signal
at J3 is present, check Q31, Q32,
Q33, and Q34. If signal at J3 is not
present, proceed to step 14.

No signal at base of Q34

No signal at J3

No signal at collector of either
Q26 or Q27, or at both
collectors.

No signal at J5 . .

SERV SEL position 34 (pcm
out-1 meter, terminal 11) does
not read in green area on
TEST ALIGN meter with
correct signal at J1.

SERV SEL position a (pcm
out-8 meter, terminal 8) does
not read in green area on
TEST ALIGN meter with
correct signal at J2

Q24, Q25, CR16, CR17,
CR18, CR19, CR20
defective.

Q28, Q29, Q30, CR21
defective

Q26, Q27, Q37, CR24,
CR25 defective.

Q35, Q36, CR22, CR23
defective

CR4, CR5, C4, or C5
defective

CR9, CR10, C9, or C10
defective

Check signal at cathode of CR16. If
present, check Q24, Q25, and CR17
through CR20. If not present, check
CR16.

Check signals at collectors of Q26
and Q27. If present at both
collectors, check Q28, Q29, Q30,
and CR21. If not present at one or
both collectors, proceed to step 15.
Check signal at J5. If present, check
Q26, Q27, Q37, CR24, and CR25. If
not present, proceed to step 16.
Check signal at collector of Q35. If
present, check Q36 and CR23. If
not present, check Q35 and CR22.
Check CR4, CR5, C4, and C5.

Check CR9, CRIB, C9 and C10.
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b. Transistor Terminal Voltages. The transistor terminal voltages listed below were measured with a dc vtvm
(Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the

AN/USM-140.
Transistor | Base Emitter Collector Transis | Base Emitter Collector
tor
Q1 8lfig. 6-46 1| 10 fig. 6-461| 10 fig. 6-46] Q21 37 fig.6-46_| $0.3+0.1  or | 38[fig. 6-46]
+0.410.12
Q2 0+0.1 10[fig. 6-46 || 12 fig. 6-46 Q22 38ffig. 6-46 || 6 fig. 6-4 -4.5+0.135
Q3 13[fig. 6-46 | 14fig. 6-46 1| 10 fig. 6-46] Q23 +1.7+0.17 |+ 1.0 0.1 or | 0+0.1
+1.410.12
Q4 15[fig. 6-46 | 16[fig. 6-46 || 11Tig.6-46) Q24 39 fig. 6-46 | 0+0.1 40[fig. 6-46
Q5 17[fig. 6-46 | 18[fig. 6-46 1| 12 fig. 6-46] Q25 41 fig. 6-46_] 0+0.1 42(fig. 6-46]
Q6 0+0.1 18[fig. 6-46 || 19 fig. 6-46 Q26 43 fiq.6-46 | | 44 fig. 6-46 45 fig. 6 46
Q7 19ffig. 6-6 1| {fig. 6-46 | | 20 fig. 6-46 Q27 0+0.1 44[fig. 6-46 46[fig. 6-46]
Q8 8[fig. 6-46 || 24 fig. 6-46] | 2L fig. 6-46 Q28 47 fig. 6-46 | | 48 fig. 6 46 45[fig. 6-46
Q9 0+0.1 2 2% ﬁg. 6-46 Q29 49 60 ﬁg. 6-46 4E§|4ﬁ§. 6-46
Q10 13[fig. 6-46 | 24[fig. 6-46 | 22 fig. 6-46 Q30 0+0.1 50[fig. 6-46 3[fig. 6-46)
Q11 25ffig. 6-46 | 26[fig. 6-46 1| 21 fig. 6-46 Q31 3fig.6-46 | | 61 fig. 6-46 -4.5+0.135
Q12 27 ffig.6-46 | 28[fig. 6- 28 fig. 6- Q32 52 ffig. 6- 5@ 4fig.6 46
Q13 0+0.1 28[fig. 6-46 || 29 fig. 6-46 Q33 64 fig 6-46 || 51 fig. 6-46 4
Q14 29ffig. 6-46 | 2.[fig. 6-46 ]| 30 fig. 6-46 Q34 55 fig. 6-46 || 58 fig. 6-46 -4.6+0.135
Q15 9t[i?, 6-46 131 flg.6-46 | -4.5 + 0.135 Q35 56 [fig. 6- 57 fig. 6- 5
Q16 31 fig. 6-46 | 32 fig. 6-46 | -415 + 0.136 Q36 68 [fig. 6-46 || § fig. 6-46 -4.5+0.135.
Q17 33ffig. 6-46 | 34[fig. 6-46 | 3% fig. 6-46 Q37 59 fig.6-46 || +4.9+0.5 44[fig. 6-46]
Q18 35 fig. 6-46 |17 fig. 6- -45 +0.135
Q19 4 fig. 6-46 3(;|1fiq. 6-46 | -4.5 + 0.i35
Q20 +0.740.10or | +1.0+0.1 or | +0.3+0.1 or
+1.240.12 | +1.4£0.12 | +0.4+0.12

2 Operate master T-352/U ADDRESS switch to SLAVE (provides out-of-frame condition as required to generate

skip pulse).

4-14. Panel 4A2, Troubleshooting
a. Troubleshooting Chart[(fig.6-5/ 6-21},6-47).
Symptom

Item No.

1 Incorrect output at
terminal 30.

Z7.

2 Incorrect signal at base

of Q14.

incorrect, proceed to item 3. If

incorrect,

3 Incorrect signal at pin 7
of 211

incorrect,

Probable trouble

R44 or Q14 defective.

Correction
Note. With TRAFFIC SEL switch in 961 position, perform the following checks:

correct, check Q14 and R44.
Note. If incorrect signal at terminal 30 in 48-channel operation but correct in 961 and 96S operation, check 7211
and Z13. If incorrect signal at terminal 30 in 96R operation but correct in 961 and 96S operation, check Z15 and

Z11 or Z13 defective.

and pin 5 of Z13. If signal at pin 7 of

Z7 or Z11 defective.

Check signal at base of Q14.
If incorrect, proceed to item 2. If

Check signals at pin 7 of Z11

Z11 is

signal at pin 5 of Z13 is
proceed to item 4. If both signals are
correct, check Z11 and Z13.

8 of Z2 and pins 3 and 4 of Z11. If
signal at pin 3 of Z7 is incorrect,

proceed to item 5. If signal at pin 4 of
proceed to item 8. If

le

z7

vel at

is
pin 5 of Z7 is

Check signals at pins 3, 4, 5, and of Z11

incorrect,

proceed to item 23. If signal at



No.

10

Incorrect signal at pin 5 of
Z13

Incorrect signal at pin 3 of
Z7 or at base of Q13

Incorrect signal at pin 7 of
Z16

Incorrect signal at bases
of Q11 and Q12

incorrect signal at pin 4 of
Z7 or pin 8 of Z15

Incorrect signal at base of

Q5

Incorrect signals at pin 8
of Z7, pin 4 of Z11, pin8 of
Z13, pin 4 of Z15,pin 10 of
Z1, and pin 7of Z8

Z13 or Z15 defective.

Q12 or Q13 defective.

Q11 or CR10 defective.

Q9, Q10, or C10 defective.

Q5 or CR4 defective.

DL1 defective.

Z5 defective.

pin 8 of Z7 or pin 4 of Z11 is incorrect,
proceed to item 10. If signal at pin 8 of
Z11 is incorrect, proceed to item 20. If
signals at pins 3, 4, 5, and 8 of Z7 and
pins 3 and 7 of Z11 are correct, check
Z7 and Z11.

Check signals at pins 7 and 8 of Z13
and pins 4, 7, 8, and 9 of Z15. If signal
at pin 7 of Z13 is incorrect, proceed to
item 21. If signal at pin 8 of Z13 or pin
4 of Z15is incorrect, proceed to item
ID. If signal at pin 7 of Z16 is incorrect,
proceed to item 6. If signal at pin 8 of
Z15is incorrect, proceed to item 8. If
level at pin 9 of Z15is incorrect,
proceed to item 23. If signals at pins 7
and 8 of Z13 and pins 4, 7, 8, and 9 of
Z15 are all correct, check Z13 and
Z15.

Check signal at base of Ql12. If
incorrect, proceed to item 7. If correct,
check Q12 and Q13.

Check signal at base of Q11. If
incorrect, proceed to item 7. If. correct,
check Q11 and CR10.

Check dc level at base of Q10. If
incorrect, check C10. If correct, check
Q9 and Q10.

Check signal at base of Q5. If
incorrect, proceed to item 9. If correct,
check Q5 and CR4.

Check signal at emitter of Q1. If
incorrect, proceed to item 19. If
correct, check DL1.

Check signal at pins 4 and 5 of Z5. If
signal at pin 4 is incorrect, proceed to
Iltem 11. If signal at pin 5 is incorrect,
proceed to item 15. If both signals are
correct, check Z5.

Note. To check Z8 and Z9, in steps 11 and 12 below, remove panel 4A10 and connect terminal 19 to terminal 25

(-4.5V).

11

12

Incorrect signal at pin 4 of
Z5.

Incorrect signal at pin 4 of
Z9

Z9 defective.

Z8 defective.
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Check signals at pins 4 and 10 of Z9.
If signal at pin 4 is incorrect, proceed
to item 12. If signal at pin 10 is
incorrect, proceed to item 15. If both
signals are correct, check Z9.

Check signal at pin 4 of Z8. If
incorrect, proceed to item 13. If
correct, check Z8.



Item
No.
13

14

15

16

17

18

19

20

21

22

23

24

25

26

Symptom

Incorrect signal at pin
4 of Z8.

Incorrect
base of Q8.

signal at

Incorrect signal at pin
7 of Z8, pin 10 of 729,
or pin 5 of Z5.
Incorrect signal at
base of Q7.

Incorrect signal at pin
3 of Z4.

Incorrect signal at
base of Q4.
Incorrect signal at

base of Q3 or emitter
of Q1.

Incorrect signal at pin
3 of Z11.

Incorrect signal at pin
7 of Z13 and at pin 7
of Z6.

Incorrect signals at pin
4, 5, 8, or 9 of 710,
Z12, Z14 or at pins 8
and 9 of Z8.

Incorrect dc level at
pin 9 of Z15 and pin 5
of Z7 and/or PCM IN-1
meter (terminal 17)
does not indicate in
green region of TEST
ALIGN meter.
Incorrect signal at
emitter of Q13.

TIM IN- 1 meter
(terminal 20) does not
indicate in  green

region of TEST ALIGN
meter.

TO RADIO XMTR
meter (terminal 31)
does not indicate in
green region of TEST
ALIGN meter.

Probable trouble

Q8 or CR6 defective.

Z8 defective.

Q7 or CR5 defective.

Z4 and C7 defective.

Q4 or CR1 defective.

Q3 defective.

Q1 or Q2 defective.

Z6 defective.

Z10, Z12, or Z14 defective.

Z1, 72, Z3, or Z6 defective.

Q15, CR8, CR9, Cl6 or C21

defective.

Q13 or CRY7 defective.

Q6, CR2, CR3, or C3 defective.

CR11, CR12, or C20 defective.
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Correction

Check signal at base of Q8. If
incorrect, proceed to item 14. If
correct, check Q8 and CR6.

Check signals at pins 7, 8, and 9 of
Z8. If signal at pin 7 is incorrect,
proceed to item 15. If signal at pins
8 and 9 is incorrect, proceed to item
22. If all signals are correct, check
Z8.

Check signal at base of Q7, If
incorrect, proceed to item 16. If
correct, check Q7 and CR5.

Check signal at pin 3 of Z4. If
incorrect, proceed to item 17. If
correct, check Z4 and C7.

Check signal at base of Q4. If
incorrect, proceed to item 18. If
correct, check Q4 and CR1.

Check signal at base of Q3. If
incorrect, proceed to item 19. If
correct, check Q3.

Check Q1 and Q2.

Check signal at pin 7 of Z6. If
incorrect) proceed to item 21. If
correct, check Z6.

Check signals at pins 4, 5, 8, and 9
of 710, 712, and Z14. If signals at
pin 4, 5, 8, or 9 are incorrect,
proceed to item 22. If all signals are
correct, check 210, Z12, and Z14.
Check signal at pin 10 of Z1. If
incorrect, proceed to item 10. If
correct, check Z1, Z2, 78, and Z6.

Check signal at emitter of Q13. If
incorrect, proceed to item 24. If
correct, check Q15, CR8, CR9, C16,
and C21.

Check signal at base of Q13. If
incorrect, proceed to item 5. If
correct, check Qi3 and CR7.

Check signal at pin 3 of z4. If
incorrect, proceed to item 17. If
correct, check Q6, CR2, CR3, and
Cs3.

Check output of terminal 30. If
incorrect, proceed to item 1. If
correct, check CR11l, CR12, and
C20.

C1, TM 11-5805-367 35/I



b. Transistor Terminal Voltages. The transistor voltages listed below were measured with a dc vtvm
(Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the

AN/USM-140.
Transistor Base Collector Emitter
Q1 11, fig. 6 47 12[fig. 6-47 13[fig. 6-47
Q2 0+0.1 12 [fig. 6-47] 14[fig. 6-47]
Q3 14 [fig. 6-47] -4.5 +0. 135 15[fig. 6-47]
Q4 15 [fig. 6-47] 4 [fig. 6-47] 0+0.1
Q5 16 [fig. 6-47] -4.6 £0. 135 1[fig. 6-47]
Q6 -1.242.0 -4.5 0. 135 Oto-1.5
Q62 -3.8 +0- 4 -4.5 0. 135 -4.5 0. 2
Q7 17 [fig. 6-47] -4.5 +0. 135 18[fig. 6-47]
Q8 39/[fig. 6-47] -4. 5 +0. 135 6,fig. 6-47|
Q9 19/[fig. 6-47] 20,[fig. 6-47] 21[fig. 6-47]
Q10 -1.0 0.1 20,[fig. 6-47] 22 [fig. 6-47]
Q11 22,[fig. 6-47] -4. 5 +0. 135 10[fig. 6-47]
Q12 21/fig. 6-47] -4.5+0.135 7[fig. 6-47]
Q13 7 [fig. 6-47] 23,[fig. 6-47] 00.1
Q14 45[fig. 6-47] 24,[fig. 6-47] 26 [fig. 6-47]
Q15b 7.2+42.0 -4.5 +0. 135 0to-1.5
Q15 ¢ -3.8 0. 4 -4. 6 +0. 135 -4.5 0.2

2 Remove TIM IN-1 connector. Reconnect after making measurement.

b Operate front panel meter switch to PCM IN-I when making measurement.
¢ Remove PCM IN-1 connector. Reconnect after making measurement.

c. Module Terminal Voltages. The module terminal voltages listed below were measured with a dc vtvm
(Multimeter ME-6B/U or equivalent). This figure references are for waveform measurements with the AN/U:SM-

140.
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Module |1 2 3 4 5 6 7 8 9 10

Z1 -4 5+0.135 fig 6-47 fig 6-47 -4.5+0.135 | 0+0.1 3 fig 6-47 fig 6-47 2 fig 6-47
Z2 -4.5+0.135 fig 6-47 fig 6-47 -4.5+0.135 | 0+0.1 3[fig 6-47] 2[fig 6-47]
Z3 -4.5+0.135 fig 6-47 fig 6-47 -4.5+ 0.135 | 0+0.1 3fig6-47 | fig 6-47] |[2fig 6-47]
Z4 -45+0.135 | -4.5+0.2 [[4fig6-47 -45+0.135 | 0+0.1 |[27fig 6-47 fig 6-47 29[fig 6-47]
z4¢ 0+0.2 4[fig 6-47 -4.5+0.2
Z5 -4.5+0.136 | 30 fig 6-47| 42 tig 6-47 || 18 fig 6-47 | 0+0.1 0 fig 6-47 31fig 6-47
z5d 32lfig 6-47| 41l fig 6-47 2[fig 6-47
Z6 -4.5+0.135 | 38 fig 6-47 || 3 fig 6-47 | | 3fig 6-47| 0+0.1 | 43 fig 6-47 34l[fig 6-47
z7 -4.5+0.135 fiq6-47 | 7fig6 -47 || 1[fig6-47 || -4.5+0.2 0+0.1 | 3G fig 6-47 || 31 fig 6-47 || -4.5+0.135 |5 fig 6-47
774 36 fig 6-47 | 0.7+0.3 -4.540.2 36/fig 6-47]
770 37[fig 6-47 35[fig 6-47 0+0.1 37lfig 6-47]
Z8 -45+0.135 | 0+0.2 6 fig 6-47 || 38lfig 6-47 | 0+0.1 |[2fig_6-47| | 3fig 6-47] [/ 26 fig 6-47 | B9 fig 6-47]
zgd 40[fig 6-47 6 fig 6-47 GND

z9d 41ffig 6-47 || 41 fig 6-47 | | 40 fig 6-47 19 fig 6-47
Z9 -4.5 +0.135 | 421ig 6-47 || 42[fig 6-47 || 0+0.2 -4.5+0.135 | 0+0.1 0+0.1 19 fig 6-47]
Z10 -45+0.135 | 43fig6-47 || 44fig6-47 | 3ffig 6-47 1| 26[fig 6-47 | 0+0.1 | 44fig6-47 | | Bfig6-47 | |3fig6-47] | A3 fig 6-47]
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Module |1 2 3 4 5 6 7 8 9 10

Z11 -4.5 £0.135 34 1ig 6-47 131 tig 6-47 | 0+0.1 0+0.1 47 fig 6-47 fig 6-4
Z11¢ 4.5 +0.135 46lfig 6-47]
z12 -4.5+0.135 43Tig 6-47] | 4Afig 6-47 || 8figs. 6-47 1| 3fig6-47 | | 0+0.1 | M4fig6-474 |[26fig6-47 |[3fig6-47 43[fig 6-47]
Z13 -4.5+0.135 47 fig 6-47 81ig 6-47 | 0+0.1 | 43 fig 6-47 || 31 fig 6-47 | 0+0.1 8lfig 6-47
Z13¢ 46|fig 6-47 8lfig 6-47 26 fig 6-47 | |-4.5 +0.135 8 fig 6-47
Z14 -4.5+0.135 43 fig 6-47 | | 44 fig 6-47 || 26lfig 6-47 | 3lfig 6-47 || 0+0.1 | 44.fig 6-47 | | L fig 6-47 | | 46 fig 6-47 | | K43 fig 6-47
715 -4.5+0.135 | Bfig6-47 | | 48 fig 6-47 || 31lfig 6-47 || -4.5+0.135 | 0+0.1 | [0 fig 6-47| Oto 1.5 8lfig 6-47
Z15b 49[fig 6-47 | | 4B fig 6-47| 0+0.1 49[fig 6-47]
Z152 50Lfig 6-47 -4.5+0.2 -4.5+0.2 50 fig 6 47
a. Remove PCM IN-1 connector. Reconnect after making measurements.

b. Operate TRAFFIC SEL switch to 96R.

c. Remove PCM IN-2 connector. Reconnect after making measurements.

d. Remove panel 4A10 and connect terminal 19 to -4.5V. Remove terminal connection (first) and replace panel 4A10 after making measurements.
Operate TRAFFIC SEL switch to 48.
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4-15.

Panel

4A3,

a. Troubleshooting Chart (fig. 6-6, 6-22 6-48)

Troubleshooting

Item No.

Symptom

Probable trouble

Correction

1

No waveform or incorrect
wave form at J3 or
terminal 9 (clamped radio
signal).

No signal at base of Q5

No signal at base of Q4

No signal or incorrect
signal at terminal 26
(center lever), terminal 27
(ternary pos level), and
terminal 28 (ternary neg
level) with correct signal
present at J3.

Note To cheek do levels at Jacks J5 and J7, switch the test

Q5, Q6, Q7 defective

Q3, 0Q4, CR1, CR2
defective

Q1, Q2, R2 defective

Positive peak detector
(Q30 through Q33) or
negative peak detector
(Q34 through Q37)
defective.

Check signal at base of Q5. If
present, cheek Q5, Q6, and Q7.
If not present, proceed to step 2.

Check signal at base of Q4. If
present, check Q3, Q4, CRT,
and CR2. If not present, proceed
to step 3.

Check signal at base of Q1. If
present, cheek Q1 and Q2. If not
present, cheek continuity and
value of R2.

Check de levels at J5, J7, and
terminal 26 with TRAFFIC SEL
switch first at 48 and then at 96
(I, S. or R), as described in the
note below. If do levels are
incorrect, adjust R84, R86, and
R85 to attain correct do levels. If
correct do levels at J5, J7, or
terminal 26 cannot be attained
with R84, R86, or R85
adjustments, respectively,
proceed to steps 5and 6
oscilloscope to DC and perform the

following: Adjust RL control on panel A43 so the waveform at Jack J3 is 4 cm high (20 volts pn). The
positive peak should be exactly 2 cm above the center grid line; the negative peak should be exactly
2 cm below the center grid line. Without changing the oscilloscope controls, Check the dc levels at
jacks J5 and J7. In 48-channel operation, the two levels should be the same and should fall in the
center of the signal at J3. In 96-channel operation, the level at J5 should be 0.7 cm (0.35 volt) above
the centerline; the level at J7 should be 0.7 cm (0.35 volt) below the centerline. The dc level at
terminal 26 should be In center of signal at J3 in both cases.

4-20.4



TM 11-5805-367-35/1

ltem Symptom Probable trouble Correction

No.

5 Correct do levels cannot be | Positive peak detector (Q30 | Check that do level of signal terminal 31 (emitter of
attained with adjustment. through Q33) defective. Q33) is equal to positive. peaks of signal at J3. If

incorrect, check Q30 through Q33. If correct,
proceed to step 6.

6 Correct do levels cannot be | Negative peak detector | Check that do level of signal at terminal 30 (emitter

attained with adjustment. (Q34 through Q37) | of Q37) is equal to negative peaks of signal at J3. If
defective. incorrect, check Q34 through Q37. If correct,

proceed to step 7
7 Correct do levels at terminals | R84, R86, R85 defective Check R84, R86, and R85.

31 and 30 (emitters of Q33

and Q37), but correct dc levels

at J5 and J7 cannot be

attained with R84 and R86

adjustments, or correct do

level at terminal 26 cannot be

attained with R85 adjustment.

8 No waveform or incorrect | Decision circuits or flip-flop | Check signals at J2,J4, and J6 as described in
wave-form at J1 or terminal 22 | defective notes 1 and 2 below. If signals at J2 and J4 are
(recovered pcm-1) and/or incorrect, proceed to step 9. If signals at J2 J4 and
terminal 20 (recovered pcm-2) J6 are incorrect, proceed to step 10. If signals at
with correct signals present at J2,J4, and J6 are correct, proceed to step 11.
J3,J5, and J7.

Note.

1. With TRAFFIC SEL switch at 48, check for: no signal at J2; positive-going timing pulses at J4 and no pulses at J6 during the period that
the waveform at J3 is undergoing a positive excursion; positive-going timing pulses at J6 and no pulses at J4 during the period that the
waveform at J3 is undergoing a negative excursion.2. With TRAFFIC SEL switch at 96 (I, S. or R), check for: positive-going pulses at J2 only
when the waveform at J3 falls between the do levels of J5 and J7; positive-going pulses at J4 only when the waveform at J3 is above the dc
level of J5; positive-going pulses at J6 only when the wavcfornl at J3 is below the do level of J7.

9 Incorrect signal at J2 and/or J4 | Decision circuit Q8 through | Check Q8 through Q13 and Q14 as. described in

Q13, Q14 defective notes 1 through 3 below.

Notes.
1. With TRAFFIC SEL switch at 48, perform the following checks during the time that the waveform at J3 is undergoing a positive excursion.
a. Check for a negative-going pulse (or pulses) at collector of Q8 and for a positive-going pulse (or pulses) at collector of Q13. If incorrect
indications are obtained, check Q8 and Q13.
b. Check for a positive-going pulse (or pulses) at collector of Q9 and for no signal at collector of Q12. If a signal appears at collector of Q12,
check Q9, Q12, and Q20. Check for pulses at J4 whenever pulses appear at collector of Q9. If pulses do not appear at J4, Check Q11.
2. With TRAFFIC SEL switch at 48, check for a positive-going pulse or pulses at collector of Q12 during the period that the waveform at J3 is
under-going a negative excursion. If pulses do not appear, check Q8 and Q12.
3. With TRAFFIC SEL switch at 96 (I, S. or R), check signal at J2. If signal is incorrect, check Q10 and Q23.

10 Incorrect signal at J2 and/or J6 | Decision circuit Q23 through | Check Q23 through Q29 as described in notes 1

Q28, Q29 defective through 3 below.

Notes.
1. With TRAFFIC SEL switch at 48, perform the following checks during the period that the waveform at J3 is undergoing a negative
excursion:
a. Check for negative-going pulse (or pulses) at collector of Q27 and for a positive-going pulse (or pulses) at collector of Q28. If incorrect
indications are obtained, check Q27 and Q28.
b. check for a positive-going pulse (or pulses) at collector of Q25 and for no signal at collector of Q26. If a signal appears at collector Q26,
check Q25, Q26 and Q29. Check for pulses at J6 whenever pulses appear at collector of Q25. If pulses do not appear at J6, check Q24,
2. With TRAFFIC SEL switch at 48, check for a positive-going pulse (or pulses) at collector of Q26 during the period that the waveform at.I3 is
undergoing a positive excursion. If pulses do not appear, check Q23 and Q26.
3. With TRAFFIC SEL switch at 96 (I, S. or R), check signal at J2. If signal is incorrect, check Q10 and Q23.

11 No signal at terminal 22 (J1) | Q15" Q18, Q20, Q21, Q22 | With TRAFFIC SEL switch at 96 (I, S. or R), check

with signal present at J4, or no | defective. that flip-flop (Q18, Q20) is set or reset whenever a
signal at terminal 20 with signal appears at J4 and J6. If flip-flop fails to set
signal present at J6. and reset, check Q15, Q18, Q20, Q21, and Q22.
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Item
No.
12

13

14

15

16

Symptom

No signal at terminal 22
(J1)or terminal 20 with signal
present at J2 only.

From radio rcvr meter
(terminal 7) does not read in
green area on TEST ALIGN
meter, with proper signal at
J3.

SERV SEL position G
(recovered pcm in-1 meter,
terminal 25) does not read in
green area on TEST ALIGN
meter.

SERV SEL position A
(ternary positive level meter
and ternary neg level meter,
terminals 31 and 30) does not
read in green area on TEST
ALIGN meter, with positive
and negative peak detectors
working properly.

No signal at terminal 8 (rcvd

defective.

R82 defective

R52 defective

radio signal).

Probable trouble

T1, Q16, Q17, QI9 defective

CR12, CR13, CI9, or C20

CR10, CR11, C17, C34, or
C18 defective.

Correction

With TRAFFIC SEL switch at 96 (I,
S. or R), check that flip-flop (Q18,
Q20) changes state, whenever a
signal appears at J2. If flip-flop does
not change state, check T1, Q16,

Q17, and Q19.

Check CR12, CR13, C19, and C20.

Check CR10, CR11, C17, C34, and

C18.

Check R82.

Check R52.

b. Transistor Terminal Voltages. Tile transistor terminal voltages listed below were measured with a dc vtvm

(Multimeter ME-26B/U or

equivalent). The figure references are for waveform measurements with the

AN/USM-140.

Transistor | Base Emitter Collector Transistor | Base Emitter Collector
Q1 9ffig. 6-48 | | 1d. fig.6-48]| +2.0+0.2. Q20 36, fig.6-48 || 37.fig.6-48| | 35.fig.6-48]
Q2 +8.1+0.8 +8.310.8 11[fig. 6-48._[1 | Q21 38, fig.6-48 || 37.fig.6-48]| B.fig.6-48]
Q3 +0.34+0.1 +9.5+0.9 12[ fig. 6-48 | 1| Q22 27, fig.6-48 | 39fig.6-48 || -4.5+0.135
Q4 11ffig. 6-48 || 12[fig.6-48 || 0.34+0.1. Q23 40, fi0.6-48 | 53[fig.6-48 || -4.5+0.135
Q5 13 fig. 6-48 | 14,[fig.6-48 | -4.5+0.135 Q24 41, fig.6-48 || 42(fig.6-48 | -4.5+0.135.
Q6 14 fig. 6-48__|| 15,[fig.6-48 | -4.5+0.135 Q25 43, fig.6-48 1| 44.fig.6-48]| 4L.fig.6-48]
Q7 15 fig. 6-48 1| 16,[fig.6-48 | -4.5+0.135 Q26 45, fig.6-48 || 44.1ig.6-481| 40.fig.6-48]
Q8 4,5 fiq.6-48 || 17[fig.6-48 || 18, fig. 6-48. | || Q27 +4.8 46[fiq.6-48 ] 43.fig.6-48]
Q9 18, fig.6-48 | 19, [fig.6-48 |]20, fig. 6-48 | || Q28 4,5[fig.6-48 || 46.fig.6-48] | 45.fig.6-48
Q10 21, fig.6-48_]| 51, fig.6-48 -4.5+0.135 Q29 24, 4 4E:fig.6-48
Q11 20, fig.6 48 | 22,[fig.6-48 || -4.5+0.135 Q30 4,5[fig.6-48 || 48.fig.6-48] | 4D.fig.6-48
Q12 23, fig.6-48 | 19, fig.6-48 |21, fif. 6-48 | | Q31 49, fig.6-48_| +0.4 -4.2.

Q13 +5.5+0.5 17, |%ig.e-48 3, ﬁg. 6-48 | | Q32 +6.2 48 [fiq.6-48 || -4.5+0.135
Q14 24, 1ig.6-48 | 25, fig.6-48 | 119, fig. 6-48 | | Q33 +6.3 +6.2 +10+0.3
Q15 52, fig.6-48__ 1| 26,[fig 6-48 | 27, fif. 6-48 | | Q34 48, fig.6-48 | +4.3 -0.11.
Q16 28, ig.6-48 | 29, Eig.6-48 130, ﬁg. 6-48 | | Q35 -0.11 +4.3 +0.02
Q17 31, 30, ffig.6-48 [132, fif. 6-48 | || Q36 +4.3 +4.3 0.

Q18 33, fig. 6-48_|] 26, %8.6-48 B2, ﬁg. 6-48 | | Q37 +3.8 +4.3 0.

Q19 34, [fig.6-48 1 | 30.fig 6-48] | 33, fig. 6-48]
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Iltem No. Symptom Probable trouble Correction

1 No waveform or incorrect | Q8 defective Check signal at base of Q8. If
waveform at J1 or terminal 31 present, check Q8. If not
(xctal  filter  drive)  with present, proceed to step 2.
TRAFFIC SEL switch at 48.

2 No signal at base of Q8 Q7, DL1 defective Check signal at collector of Q6.

If present, check Q7 and DL1. If
not present, proceed to step 3.

3 No signal at collector of Q6 Q5,Q6,CR3,CR4 defective Check signal at base ofQ5. If
present, check Q5,Q6,CR3, and
CRA4. If not present, proceed to
step 4.

4 No signal at base of Q5 CR1,CR2 defective Check signals at collectors of
Q3 and Q4. If present, check
CR1 and CR2. If not present,
proceed to step 5.

5 No signals at collectors of Q3 | Q1,02,0Q3,0Q4 defective . Check Q1,Q2,Q3, and Q4.

and Q4.

6 No waveform or incorrect | Q19 defective Check signal at base of QI9. If
waveform at J4 or terminal present, check QI9. If not
7(48channel timing-). present, proceed to step 8.

7 No waveform or incorrect | Q18,Q020,DL2 defective Check signal at base of Q18. If
waveform at J5 or terminal present check Q18, Q20, and
13(48channel timing-2). DL2. If not present, proceed to

step 8.

8 No signal at bases of Q18 and | Q16,Q17,CR9 defective Check signal at J3 (emitter of

Ql9 Q15). If present, check Q16,
Q17, and CR9. If not present,
proceed to step 9.

9 No Signs at J3 (emitter of | Q14,Q15, or T1 defective Check signal at base of Q14. If

Q15) present, check Q14, Q15, and
T1. If not present, proceed to
step 10.

10 No signal at base of Q14 Q12,Q14, or FL1 defective Check signal at base of Q12. If
present, check Q12 and Q13. If
not present, check FL1.

11 Incorrect voltage (0.15 volt A | Q9,Q11,CR6,CR7, or CR8 | Check voltage (0.73 volt +0.2)
0.15) at terminal 1 (traffic | defective. at base of Q11. If present,
alarm control). check Q11. If not present, check

Q9 and CR6 through CR8.

12 Incorrect voltage (9.6 volts | Q10,Q021,CR10,CR11 Check signal at emitter of Q10.
+0.3) at terminal 15 (radio | defective If present, check Q21,CR10,
signal detector). and CR11. If not present, check

Q10.
13 SERV SEL position B (xtal | CR5 or C8 defective Check CR5 and C8.

filter drive meter, terminal 17)
does not read in green area on
TEST ALIGN meter.
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b. Transistor Voltages. The transistor terminal voltages listed below were measured with a do vtvm
(Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the

AN/USM-140.

Transistor | Base Emitter Collector Transistor | Base Emitter Collector

Q1 1,[fig. 6-49 || 2[fig. 6-49 | | B.fig. 6-49] Q12 19fig.6-49 | 20, fig. 6-49 [|-4.5+0.135.

Q2 +5 2, fig. 6-49 4, fig. 6-49| Q13 21\fig.6-49 | 22, fig. 6-49 || 16, fig. 6-

49.

Q3 4, fig. 6-49 | 5,[fig. 6-49 | | 6, fig. 6-49| Q14 16.fig.6-49 | 23, fig. 6-49 || -4.5+0.135.

Q4 3, fia. 6-49 | 5,[fig. 6-49 | | [7. fig. 6-49| Q15 24[fig.6-49 | 25, fig. 6-49 []-4.5+0.135.

Q5 8, fig. 6-49 |19, fig. 6-49 || -4.5+0.135. Q16 26[fig.6-49 | 27, fig. 6-49 |28, fig. 6-

49.

Q6 10, fig. 6-49 | 11, fig. 6-49 |12, fig. 6-49. Q17 +4.4 27, fig. 6-49 | 0.

Q7 13, fig. 6-49 [|14, fijg. 6-49 || -4.5+0.135. Q18 28/fig.6-49 || 29, fig. 6-49 || -4.5+0.135.

Q8 14, fig. 6-49 |15, fijg. 6-49 || -4.5+0.135. Q19 28|fig.6-49 | 30, fig. 6-49 []-4.5+0.135.

Q9 16, fig. 6-49 |]17, fig. 6-49 || -4.5+0.135. Q20 31lfig.6-49 | 32, fig. 6-49 [|-4.5+0.135.

Q10 0 18, ffig. 6-49 1, fig. 6-49] Q21 +9.2 +10 +9.6.

Q11 +0.73 0 +0.18.

4-17. Panel 4A5, Troubleshooting

a. Troubleshooting Char{ (fig 6-8, fig 6-24|| fig 6-50).

ltem Symptom Probable trouble Correction

No.

1 No waveform or incorrect | Q7 defective Check signal at base of Q7. If present,
waveform at J4 or check Q7. If not present, proceed to
terminal  27(96-channel step 3.
timing-1).

2 No waveform or incorrect | Q9 defective Check signal at base of Q9. If present,
waveform at J5 or check Q9. If not present, proceed to
terminal  29(96-channel step 3.
timing-2).

3 No signal at bases of Q7 | Q6,Q08,CR2 defective Check signal at J1. If present, check
and Q9 Q6, Q8, and CR2. If not present,

proceed to step 4.

4 No signal at J1 Q3,04, T1 defective Check signal at base of Q3. If present,
check Q3,Q4, and T1. If not present,
proceed to step 5.

5 No signal at base of Q3 Q1,Q2, FL1 defective Check signal at base of Q1. If present,
check Q1 and Q2. If not present, check
FL1.

6 No waveform or incorrect | Q16,CR11,CR13 defective Check signal at base of Q16. If
waveform at J2 or present, check Q16, CR11, and CR13.
terminal 6  (decision If not present, proceed to step 7.
timing).

7 No signal at base of Q16 | Q14,Q15,CR8,CR9,CR10 Check signal at collector of Q 14. If

defective. present, check Q15, CR9, and CX10. If
not present, check Q14 and CRS8.

8 No waveform or incorrect | Q17,Q18.CR1,CR16 defective | Check signal at base of Q18. If
waveform at J3 or present, check Q18 and CRT. If not
terminal 3 (countdown present, check Q17 and CR16.
timing).
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ltem Symptom Probable trouble Correction

No.

9 Incorrect output (traffic alarm | Q12,Q13,C13 defective or | Observe K1. If energized, check
present) at terminal 20 (-1.4 volts | Q5, Q10,CR3.CR4,CR5 of | Q12 and Q13. If deenergized,
+0.4, (delayed traffic alarm) with | K1 defective. check Q5, Q10,CR3,CR4,CRS5,
signal present at J1 and K1.

10 Incorrect output (no traffic Warm | Q12,Q13  defective, or | Observe KI1. deenergized,

present) at terminal 20 (12 volts +
1) with TE6T-OPR switch at
OPR.

Q5,0Q10, CR3,CR4,CR5, or
K1 defective.

energized,

check Q12. Q13, and CR12. If

check

Q5,Q10,CR3,CR4,CR5, and K1.

11 SERV SEL position E (decision | CR14,CR15,C27, C26 | Check CR14,CR15,C27, and C26.
timing meter, terminal 7) does not | defective
read in green area with correct
signal at terminal 6.

12 SERV SEL position F (decision | Q14,CR15,C27, or C26 | Check Q14,CR15,C27, and C26.

timing meter, terminal 7) does not | defective
read in green area of TEST
ALIGN meter with proper signal
at terminal 6.

13 SERV SEL position C(xtal filter
meter terminal 15) does not read
1/6 scale or above on TEST
ALIGN meter, with signal present
at J1.

14 SERV SEL position D (traffic
meter, terminal 28) does not read
in green area on TEST ALIGN
meter with correct output at
terminal 20(-1.4volts +0.4).

Q11,CR6,CR7,C11, or C12 and

defective.

Check Q11.CR6,CR7,C11,
Cl2.

R18 defective Check R18.

b. Transistor Terminal Voltages. The transistor terminal voltages listed below were measured with a do vtvm
(Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the
AN/USM-140.

Transistor | Base Emitter Collector Transistor Base Emitter Collector
Q1 13, [fig.6-50 [114, fig.6-50 [1-4.5+0.135. Q12 -0.65 or|-1.38 or| 0£0.1 or
-1.52, -12.33, 0+0.12
Q2 15, fig.6-50 | [16, fig.6-50 | 17, fig. 6-50. | || Q13 -0.05 or|-1152 0+0.1 or
-12.13 0+0.12
Q3 17,[fig.6-50 []18, fig.5-50 | -4.5+0.135. Q14 25, fig.6-50 || 26,[fig.6-50 || 27, fig. 6-
50.
Q4 19, [fig.6-50 |11, fig. 6-50 [|-4.5+0.135. Q15 28, fig.6-50 29, [fig.6-50 30, fig. 6-
50.
Q5 1, fig. 6-50 | PO, fi¢.6-50 | -4.54+0.135. Q16 30, fig.6-50 31,lfig.6-50 32, fig. 6-
50.
Q6 21, [fig.6-50 | 22, fig.6-50 | 0+0.1. Q17 33, fig.6-50 || 34,[fig.6-50 || 35, fig. 6-
50.
Q7 23, 1ig.6-50 | 6, fig. 6-50 | -4.54+0.135. Q18 35, 1ig.6-50 4,5/ fig. 6-50 [ -4.5+0.135
Q8 +4.5 22, [fig.6-50 || 23, fig. 6-50| Q19b -0.35 0+0.1 -0.05.
Q9 23, fig.6-50 [|7, fig. 6-50 [|-4.5+0.135. Q20 8,9, fig. 6-50 || 36, fig.6-50 || 4.5+0.135.
Q10 +0.75 0+0.1 +0.17.
Q11 1[fig. 6-50 | 24, fig.6-50 || -4.5+0.135.

& Operate OPR-TEST switch to OPR. b Operate SERV SEL switch to E.
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4-18. Panel 4A9, Troubleshooting

a. Troubleshooting Chartl(ﬁg._ﬁ;lal bzgl [6-51)|

TM 11-5805-367-35/1

ltem Symptom Probable trouble Correction

No.

1 No waveform or incorrect | Q19 defective Check signal at base of Q19. If present,
wave-form at J2 or terminal check Q19. If not present, proceed to
7 (h.t. 8-kc cont). step 4.

2 No waveform or incorrect | Q15 defective Check signal at J6 (base of Q15). If
wave-form at terminal 16 present, check Q15. If not present,
(h.t. tim-1cont). proceed to step 5.

3 No waveform or incorrect | Q16 defective Check signal at J6 (base of Q16). If
wave-form at terminal 17 present, check Q16. If not present,
(h.t. tim-2 cont). proceed to step 6.

4 No signal at base of Q19 Q15,Q17,Q18,CR17,CR18, Check signal at J6. If present, check

CR19,CR20,CR21 defective. Q15,Q17, and Q18 and CR18 through
CR21. If not present, proceed to step 5.

5 No signal at base of either | Either gates circuits are | Check signals at collectors of Q5 and
Q15 (J6) of Q16(J5), or at | defective or there are no | Q6. If signals are not present at both
both bases. inputs to gates circuits. collectors, proceed to step 9. If signal is

not present at collector of Q5 only,
proceed to step 7. If signal is not present
at collector of Q6 only, proceed to step
8. If signals are present at both
collectors, check for approximately -4.5
volts at collector of Q20 and 0 volt at J4
(collector of Q21), or vice versa. If
collector voltages are incorrect, check
Q20,Q21,CR22, and CR24. If collector
voltages are correct, proceed to step 6.

6 No output from gates | Gates circuits defective If signal is not present at base of Q16
circuits with all inputs (J5), check Q9,Q10,013,Q14, CRS8
present. through CR10, and CR14 through CR16.

If signal is not present at base of
Q15(J6), check Q7,Q08,Q11,Q12,CR5
through CR7, and CR11 through CR13.

7 No signal at collector of Q5 | Q4,Q5, DL1,CR1,CR2 | Check signal at emitter of Q3. If present,

defective. check Q4,Q5,DL1,CR1, and CR2. If not

present, proceed to step 9.

8 No signal at collector of Q6 | Q6,CR3,CR4 defective Check signal at emitter of Q3. If present,
check Q6,CR3, and CRA4. If not present,
proceed to step 9.

9 No signal at emitter of Q3 Q1,Q2,Q3,CR30 defective Check signal at base of Q2. If present,
check Q2 and Q3. If not present, check
Q1 and CR30.

10 No waveform or incorrect | Q25 defective Check signal at base of Q25. If present,
waveform at J1 or terminal check Q25. If not present or incorrect,
3 (96-channel timing-2 proceed to step 11.
drive).

11 No signal at base of Q25 Q22,Q023,Q24,CR26,CR27,CR | Check signal at collector of Q22. If

28,CR29 defective
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TM 1 1-5805-367-35/1

ltem Symptom Probable trouble Correction
No.
12 Incorrect dual trace | Q20, Q21, CR22, CR23, | To effect an out-of-frame condition, set

waveform at terminals 16
and 17 with TRAFFIC SEL
switch at 96S and unit out
of frame (skip pulse fails to
switch circuit when unit is

out of frame).

CR24, CR25 defective

the ADDRESS switch of the master and
slave TD-352/U to SLAVE. Then cheek
signals at collector of Q21 and at J4.
Signals should alternate at an irregular
rate. If not, check Q21, Q22, and CR22

through CR25

b. Transistor Terminal Voltages. The transistor terminal voltages listed below were measured with a dc vtvm
(Multimeter ME-26B/U or equivalent). The figure references are for waveform measurements with the

AN/USM-140.
Transistor | Base Emitter Collector Transistor | Base Emitter Collector
Q1 10/ fig. 6-51] 11, fig. 6-51. | || Q14 21, fig.6-51 | -4.4 or 29, | -4.5.
fig. 6-51] 2.
Q2 11, ffig. 6-51 [112, fig. 6-51 []-4.5. Q15 6, tig. 6-51 | 8, fig. 6-51 []-4.5.
Q3 12, fig. 6-51 113, fig. 6-51 []-4.5. Q16 5, fig. 6-51 | 9, [fig. 6-51 [|-4.5.
Q4 14, fig. 6-51 [115, fig. 6-51_|1-4.5. Q17 30, fig.6-51 | 0 2,[fig. 6-51]
Q5 16, fig. 6-51 [ 17, fip. 6-51 | 18, fig. 6-51. Q18 31, fig.6-51 | 0 2,[fig. 6-51]
Q6 19, fig. 6-51_[120, fig. 6-51 | 21, fid. 6-51. Q19 2,fig. 651 | 2, fig. 6-51_|]-4.5.
Q7 21, ffig. 6-51 [|22, fig. 6-51 []-4.5. Q20 -0.45 or 0 -0.15 or
+0.152 -4.72
Q8 -0.15 or 24,[fig. 6-51] | -4.5. Q21 +0.18 or 0 4,[fig. 6-511
-4.78 or -4 32 -0.42 or -0.1&
Q9 -0.15 or 25,[fig. 6-51] | -4.5. Q22 7,fia.6-51_| 0 32,[fig.6-51]
-4.7 2 or -4.32
Q10 18, fig.6-51 || 23, fig.6-51__|]-4.5. Q23 33,fig.6-51 | 0 34,[fig.6-51]
Q11 18, fiq.6-51 || 28, flg.6-51 _[]-4.5. Q24 35,{i0.6-51 | 0 36,[fig.6-51]
Q12 4,[fig._6-51] | 26, fig. 6-51_[1-4.5. Q25 36, ig.6-51 || 1, fig. 6-51_{]-4.5.
or -0.1&
Q13 4,[fig. 6-51]| -4.4 or 27, |-4.5.
or-0.152 fig 6-51]2

2 Measurement depends on state of flip-flop.
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4-19. Panel 4A10, Troubleshooting

a. Troubleshooting Chart ([figs. 6-51] [6-47.1).

C 1, TM 11-5805-367-35/1

Note. Outputs S1, S2, S3, S4, S5, and S6, measured in item 1 below, are identical. The same procedure is
used to troubleshoot any of these outputs and respective modules Z2, 75, Z8, Z10 Z15, and Z17.

ltem Symptom Probable trouble Correction

No.

1 Incorrect output at Z2 (Z5, Z8, RIO, Z15, or Check signals at pins 2, 9, and 10 of Z2 (Z5,
terminal  4(S1) [ Z17) defective. Z8, 710, Z15, or Z17). If signal at pins 2 and 9
2(S2), 8(S3), 6(S4), is incorrect, proceed to item 2. If signal at pin
9(,S6), or3(S6) ] 10 is incorrect, proceed to item 3. If all signals

are correct, check z2 (z5, 78,710, 715, or
Z17).

2 Incorrect signals at Z1 (Z4, Z7, 79, Z14, or Check signals at pins 8, 4, 5, 7, 8, and 9 of Z1
pins 2 or 9 of Z2 (Z5, Z16) defective. (z4, Z7, 79, Z14, or Z16). If signals at pins 4,
Z8, 710, Z15, or 5, 7, or 8 are incorrect, proceed to item 6. If
Z17). signal at pin 3 is incorrect, proceed to item 7.

If signal at pin 9 is incorrect, proceed to item
8. If all signals are correct, check Z1 (zZ4, Z7,
Z9, 714, or Z16).

3 Incorrect signal at pin  Z6 defective. Check signal at pin 3 of Z6. If incorrect,
10 of z2 (Z5, Z8, proceed to item 4. If correct, check Z6.

710, 715, or Z17) or
Z11.

4 Incorrect signal at pin Q7 or Q11 defective. Check signal at base of Q11. If incorrect,
3 of Z6. proceed to item 5. If correct, check Q7 and

Q11

5 Incorrect signal at Q9, Q10, or DL1 defective. = Check signal at base of Q9. If incorrect, check
base of Q11. DL1. If correct, check Q9 and Q10.

6 Incorrect signal at pin  Z3, Z11 Z12, or Z13 Check signal at pin 10 of Z11. If incorrect,
4, 5, 7, or 8 of Z1 defective proceed to item 3. If correct, check Z3, Z11,
(z4, z7, 29, 714, or Z12, and Z13.

Z16) or base of Q12.

7 Incorrect signal at pin Q4 or CR1 defective. Check signal at base of Q4. If incorrect,
3 of 71 (z4, Z7, 79, proceed to item 9. If correct, check Q4 and
Z14, or Z;16) or CRT.
terminal 7 (PCM-2).

8 Incorrect signal at pin  Q3, Q6, or CR2 defective. Check signal at base of Q3. If incorrect,
9 of Z1 (z4, 77, Z9 proceed to item 9. If correct, check Q3, Q6,
Z14, or Z16) or and CR2.
terminal 11 (PCM-2).

9 Incorrect signal at Q1 or Q2 defective. Check Q1 and Q2.
base of Q3 or Q4.

10 Incorrect output at Q12 or CR9 defective. Check signal at base of Q12. If incorrect,
terminal 20 (READIN proceed to item 6. If correct, check Q12 and
BRACKET PULSE). CRO9.

11 Meter terminal 19 Q7, Q8, CR6, CR6, or CR7 Check signal at emitter of Q7. If incorrect,

(TIM IN-2) does not
read in green region
of TEST ALIGN
meter or incorrect dc
level at pin 8 of Z3.

defective.
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Item
No.

Symptom

Probable trouble

Correction

12

13

Meter terminal 21
(PCM IN-2) does not
read in green region
of TEST ALIGN
meter or incorrect dc
level at pin 7 of Z3.
Incorrect dc level at
terminall8 (PCM-2
INHIBIT).

Q5,06,CR2,CR3, or CR4
defective.

Z3 defective.

Check signal at emitter of Q5. If incorrect,
check Q6 and CR2. If correct, check
CR3,CR4, and Q6.

Check dc levels at pins 7 and 8 of Z3. If level
at pin 7 is incorrect, proceed to item 12. If
level at pin 8 is incorrect, proceed to item 11.
If both levels are correct' check Z3.

b. Transistor Terminal Voltages. The transistor terminal voltages listed below were measured with a dc vtvm
(multi-meter ME-26B/U or equivalent). The figure references are for waveform measurements with the

AN/USM-140.

Transistor Base

Q1 8,[fig. 6-47.1]
Q2 -1.0 +0.1

Q3 10/fig. 6-47.1]
Q4

Q5 3,[fig6-47.1]
Q6 -7.342.0

Q6b -3.8+0.4

Q7 13[fig. 6-47.1]
Qsc -7.312.0

Qsd -3.8+0.4

Q9 15[fig. 6-47.1]
Q10 Gnd.

Q11

Q12 18[fig. 6-47.1]

Emitter

9[fig. 6-47.1]
9[fig. 6-47.1]
-4.51+0.136
-4.51£0.135
12[fig. 6-47.1]
-4.61£0.136
-4.51+0.136
14/fig. 6-47.1]
-4.51£0.135
-4.51£0.135
16,[fig. 6-47.1]
16/[fig. 6-47.1]
-4.51£0.135
-4.6+0.135

Collector

10,[fig. 6-47.1]
11/[fig. 6-47.1]
3,[fig. 6-47.1]
4,[fig. 6-47.1]
0+£0.1
Oto-1.5
-4.510.2
0+£0.1
Oto-1.5
-4.510.2
-4.51£0.135

17 [fig. 6-47.1]
13,[fig. 6-47.1]
7 [fig. 6-47.1]

2 Operate front panel meter switch to PCM IN-2 when making measurement.

b Remove PCM IN-2 connector. Reconnect after making measurement.

¢ Operate front panel meter switch to TIM IN position when making measurement.
d Remove TIM IN-2 connector. Reconnect after making measurement.

c. Module Terminal Voltages. The module terminal voltages listed below were measured with a dc vtvm
(multi-meter ME-26B/U or equivalent). The figure REFERENCES are for waveform measurements with the
AN/USM-140.

4-29



C1l, TM 11-5805-367-35/1

Module |1 2 3 4 5 6 7 8 9 10

Z1 -45+0.135 | 19fig 6-47.1 | 4fig6-47.1 |2 fig 6-47.1 |21 fig 6-47.1 [ 0+0.1 | 6lfig 6-47.1 || 21lfig 6-47.1 [13 flg 6-47.1 [ fig 6-
47.1

Z2 0+0.1 19[fig 6-47.1 0+ 0.1 0+ 0.1 6fig6-47.1 [|5fig6-47.1 [l fig 6-
47.1

Z3 -4.5+0.135 | 40 fig 6-47.1] | 2 fig 6-47.1] |[2 fig 6-47.1] 0+0.1 {0to-1.5 0to-1.5 -4.5+ 0.2

732 -4.5 0.2 0to-1.5 0+ 0.3

z3b Oto-1.5 -4.5+ 0.2 0+ 0.3

Z4 -4.5+0.135 | 19fig6-47.1 | 4fig6-47.1 | 2 fig6-47.1 || 21 fig 6-47.1 | 0+0.1 | 2[fig 6-47.1 || 21[fig 6-47.1 [13 flg 6-47.1 |5 fig 6-
47.1

Z5 -4.5+ 0.135 | 19 fig 6-47.1 -4.5+ 0.135 | 0+0.1 6 fig6-47.1 [[5fig6-47.1 |1 fig 6-
47.1

Z6 -4.6+ 0.135 |[1fig 6-47.1| | 17 fig 6-47.1] 0+ 0.1 |-4.5+0.135

Z7 -45+0.135 | 19 fig 6-47.1 [|4 figs 6-47.1 [ 2 fig 6-47.1 [ 2fid6-47.1 [ 0k0.1 |2fig6-47.1 [2fig6-47.1 [|3fig6-47.1 [|5 fig 6-
47.1

Z8 -4.5+0.135 9 fig 6-47.1] -4.5 £0.135 | 0+ 0.1 5fig6-47.1 []1 fig 6-
47.1

Z9 -4.5+0.135 | 19fig6-47.1 | 4fig6-47.1 || 21fig6-47.1 | 2 fig 6-47.1 | 0+ 0.1 | 21[fig6-47.1 [12flg6-47.1 [13flg6-47.1 |5 fig 6-
47.1

Z10 -4.5+0.135 9 fig 6-47.1 0+ 0.1 6 fig6-47.1 [[5fig6-47.1 |1 fig 6-
47.1

Z11 -4.5+0.135 | 40 fig 6-47.1 | 2l fig 6-47.1] -4.5 +0.135 | 0+0.1 2fig6-47.1 [|2fig6-47.1 |1 fig 6-
47.1

Z12 -4.5+0.135 |[2fig 6-47.1] | 41 fig 6-47.1] -4.5+0.135 | 0+ 0.1 2ffig6-47.1 | 21fig6-47.1 [1 fig 6-
47.1

713 -4.5+ 0.135 |[2fig 6-47.11 | 41 fig 6-47.1 -4.5+0.135 | 0+ 0.1 2[fig6-47.1 | 21fig6-47.1 [1 fig 6-
47.1

Z14 -4.5+0.135 | 19 fig 6-47.1 || 4 fig 6-47.1 |I211ig 6-47.1 | 2 fig 6-47.1 | Q+0.1 | 21fig 6-47.1 | 2fig6-47.1 [|31ig6-47.1 [[5 fig 6-
47.1
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Module |1 2 3 4 5 6 7 8 9 10

Z15 -4.5+ 0.135 fig 6-47.1 -4.5+0.135 | 0+40.1 6lfig 6-47.1 | Slfig 6-47.1 fig 6-47.1
Z16 -4.5+ 0.135 | 19 fig 6-47.11| 4 fig 6-47.1 1| 21 fig 6-47.1 1| 4fig 6-47.1 1| 0+ 0.1 | 21 fig6-47.1 |4 fig 6-47.1 fig 6-47. fig 6-47.1
Z17 -4.5+0.135 fig 6-47.1 -4.5+0.135 | 0+ 0.1 6lfig 6-47.1 | Sfig 6-47.1 fig 6-47.1

2 Remove PCM IN-2 connector. Reconnect after making measurements on this circuit.
b, Remove TIM IN-2 connector. Reconnect after making measurement on this circuit.
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CHAPTER 5
GENERAL SUPPORT TESTING PROCEDURES

5-1. General

a. These testing procedures are prepared for use by Electronics Field Maintenance Shops and Electronics
Service Organizations responsible for general support maintenance of electronic equipment to determine the
acceptability of repaired electronic equipment. These procedures set forth specific requirements that repaired
electronic equipment must before it is returned to the using organization. The testing procedures may also be
used as a guide for the testing of equipment that has been repaired at direct support if the proper tools and test
equipment are available. Perform the physical test and inspection|(para 5-4 ). Refer to| paragraph 5-5 ot 5-7|to
perform the unit performance test on the TW202/U or TW203/U, respectively. A summary of performance
standards is provided in|paragraphs 5-6|and|5-8|

b. Each test depends on the preceding test for certain operating procedures. Comply with the instructions
preceding the body of each chart before proceeding to the chart. Perform each test in sequence. Do not vary
the sequence. For each step, perform all the actions required in the control settings columns, then perform
each specific test procedure, and verify it against its performance standard.

5-2. Test Equipment, Materials, and Other Equipment

a. General. All test equipment, materials, and other equipment required to perform the testing procedures
given in this section are listed in the following charts and are authorized under TA 11-17 (Signal Field
Maintenance Shops) and TA 11-100(11-17) (Allowances of Signal Corps Expendable Supplies for Signal Field
Maintenance Shop, Continental United States).

b. Test Equipment.

Nomenclature Federal stock No. Technical manual
Multiplexer TD-352/U (2 required).2 | 5805-900-8199 TM 11-5805-367-12.
Multiplexer TD-353/U (2 required).b | 580-900-8200 TM 11-5805-367-12
Signal Generator SG-71/FCC 8625-669-0255. TM 11-5088
Voltmeter, Electronic ME-30B/U. 6625-669-0742 TM 11-6625-320-12.
Headset-Microphone H-91A/U. 5965-699-6871 TM 11-580-367-12.

2 .TD-202/U tests only.
b, TD-203/U tests only.

c. Materials.
Materials Federal stock No.
Cable Assembly, Radio Frequency 6995-913-0509.

CG-1040B/U- (5 ft) (8 required) | 5905-542-9532.
Resistor, fixed, 600-ohm 1/2-watt

d. Other Equipment. Electric Light Assembly MX-1292/PAQ, FSN 6695-537-4470, TM 11-5540.
5-3. Modification Work Orders
The performance standards listed in the tests|(para 5-6| and 5-8) assume that no modification work orders have
been performed. A listing of current modification work orders will be found in DA Pam 310-4.
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5-4. Physical Tests and Inspections

a. Test Equipment and Materials. Electric Light Assembly MX-12uA2/PAQ.

b. Test Connections and Conditions.

(1) Do not make any connection to the equipment.
(2) Perform the following check when repairs are completed, before reassembly of the equipment.
(3) Connect the MX-1292/PAQ to a 115-volt, 60-cps source, and install the wide band transmission filter.

c. Test Procedure

Step Control settings Test procedure Performance standard
No. Test equipment Equipment under test
1 N/A Controls may be in any | a. Inspect front panel for evidence of | a. Front panel is complete and not

position

physical damage loose or missing
parts screws or panel fasteners.

b. Inspect connectors and plugs for
cleanliness and evidence of physical
damage.

c. Remove and check all fuses for
proper size and amperage rating.

d. Check all filter capacitors for
evidence of overheating.

e. Check all resistors for evidence of
overheating.

f. Inspect all wiring and cabling for
worn or frayed insulation.

g. Inspect all metal surfaces for
condition of finish.

damaged.

b. Connectors and plugs are clean
and not damaged.

c. Fuses are proper size and rated
As indicated on panel markings.

d. Capacitors show no evidence of
leakage.

e. Resistors show no signs of
discoloration due to overheating.

f. Wiring and cabling are free of cuts
and frays.

g. All metal surfaces intended to be
painted do not show bare metal.
Panel lettering is legible.

Note. Touchup point Is recommended In lieu of refinishing whenever Practicable (TB

810 306).

5-2



N/A

MX-1292/PAQ 245V
FOR M. V. LAMP:
ON.

Controls may be in any position

Controls may be in any position

Check the equipment modification
work orders (refer to DA Pam 310-4
for a list of MWO's).

a. Expose equipment to direct rays
of MX-1292/PAQ and inspect
condition of moisture-fungi proofing
epoxy.

Note. Moisture-fungi proofing
appears blue-green under rays of
MX-1292/PAQ. Epoxy appears
milky-white, but  blue-gray if
defective.

b. Operate 245V FOR M.V. LAMP
switch of MX-1292/PAQ to OFF.

TM 11-5805-367-35/1

If MWO is performed MWO number
appears on equipment.

a. All components wiring and
chassis surfaces are completely
covered with moisture-fungi
proofing epoxy with no evidence of
it on connectors or switch contacts.
Note. Do not apply moisture-fungi
proofing epoxy , to parts not
originally treated with it.

b. None

5-3



5-5. Performance Tests, TD-202/U

a. Test Equipment if and Materials

fig. 5-1)

(1) Multiplexer TD-352/U (2 required).
(2) Signal Generator SG-71/FCC.

(3) Voltmeter, Electronic ME 3i0B/U.
(4) Headset-Microphone H-9IA/U.

(5) Cable assembly radio frequency, type CG-1040B/U (8 required).

b. Test Connections and Conditions. Connect the TD-202/17 and the TD-352/U master and slave units as shown i Do not connect
signal genera for, headset microphone or voltmeter until told to do so.

c. Test Procedures.

Note. Unless specifically stated otherwise, au procedural instructions and performance standards pertain to the TD-202/U test unit.

Step
No.

Control settings

Test equipment

TD-202/U tet unit AC
POWER: ON OPR-TEST:
TEST TRAFFIC SEL: 24l
METER SELECT: SERV FAC
TD-352/U master unit AC
POWER: ON 2 WIRE-4
WIRE: 4 WIRE ADDRESS:
MASTER AUX: OUT SERV
SEL: CHAN 1-12 CHAN: 1
MEASURE-PHONE ODD,
PHONE EVEN: MEASURE
TD-352/U dave unit. AC
POWER: ON 2 WIRE-4
WIRE: 4 WIRE ADDRESS:
SLAVE AUX: OUT

SERV SEL: CHAN 1-12
CHAN: 2 MEASURE PHONE
ODD-PHONE EVEN:
MEASURE

No change

No change required

No change required

No changes required

No change required

TD-352/U's not required for

this step.

SC-7UFCC

Power ON: ON RANGE: X 10
Tuning vernier: 100
AMPLITUDE: 0.020 rms
MOD. BAL.

BAL.-UNBAL.: BAL. - - M
E-30B/ U- Power ON-OFF:
ON Range 0.3

No change required.

Equipment under
test

Connect a 600-ohm
termination resistor
across terminals A
and B of TD-202/U
ORDER WIRE
connector

Test procedure

Panel 5A2

Note. Audible and visual alarms should indicate
trafficin thistest.

a. Set METER SELECT switch to TIMING IN.

b. Set METER SELECT switch to PCM IN-1.

c. Set METER SELECT switch to PCM IN-2.

d. Set METER SELECT switch to RADIO XMTR
e. Set TRAFFIC SEL switch to 12.

Panel 5A3

Note. Audible and visual alarms should indicate
trafficin thistest.

a. Set METER SELECT switch to FROM RADIO
RCVR and adjust

b. Set METER SELECT switch to SERV FAC.

C. Set SERV SEL switchto A

d. Set SERV SEL switchto G

e. Set TRAFFIC SEL switch to 12

f. Repeat stops 2a through 2d

Panel 5A4 Note. Audible and visual alarms should
indicate traffic in this test.

a. Set TRAFFIC SEL switch to 12

b. Set SERV SEL switchto B

C. Set SERV SEL switchto E

d. Set SERV SEL switchto F

e. Set TRAFFIC SEL switch to 241

f. Repeat step 3b

Panel 5A5 Note. Audible and visual alarms should
indicate traffic in this test

a. Set SERV SEL switchto C

b. Set SERV SEL switchto D

C. Set SERV SEL switchto E

d. Set SERV SKI, switchto F

Panel 4A6/5A6

a. Set SERV SEL switchtoH

b. Set SERV SEL switch to J.

C. St SERV SEL switch to K

d. Set SERV SEL switchto L

e. Sat TRAFFIC SEL switchto 12

f. Repeat steps 5a through 5d

Panel 4A8/5A8

a. Set SERV SEL switchto M

b. Set SERV SEL switchto N

c. Sat TRAFFIC SEL switchto 12

d. Repesat steps 6a and 6b

Panel 4A 7/5A 7

a. Disconnect master and dave TD-352/U units.

b. Remove cable between TEST OUT and FROM
RADIO RCVR.

c. Connect BAL. OUTPUT of SG-71/ FCC to
TD-202/U FROM RADIO RCVR connector.

d. Set SERV SEL switch to 0.

e. Adjusst ORDER WIRE LEVEL control on side
pane for performance standard.

f. Connect voltmeter to pins A and B of ORDER
WIRE connect

0. Measure order wire output level.

System test

a. Set TRAFFIC SEL switch to 12.

b. Connect Headset - Microphone H-91A/U to
TALK MONITOR jack of TD-352/U master unit.

c. Listen to 1,100-cps test tone.

d. Set master TD-352/U SERV SEL switch to
PHONE and listen to channdl 1.

e. Set TRAFFIC SEL switch to 241.

f. Repeat steps 8b through 8d.

g. Connect Headset-Microphone H-91A/U to TALK
MONITOR jack of TD-352/U dave unit.

h. Listen to 1,100-cps test tone.

i. Set dave TD-352/U SERV SEL switch to
PHONE: and listen to channdl 2.

j- Set TRAFFIC SEL switch to 24S.

k. Repeat steps 8f through 8i.

|. Set TEST-OPR switch to OPR.

m. Set TEST-OPR switch to TEST.

Performance standard

a. TEST ALIGN meter readsin green.
b. TEST ALIGN meter readsin green.
c. TEST ALIGN meter readsin green.

d. None.

e. Hairling, or near hairline reading in yellow
areaof TEST ALIGN meter.

RL on 5A3 pand for

a. Hairline, or near hairline reading in yellow
areaof TEST ALIGN meter

b. None,

c. TEST ALIGN meter readsin green

d. TEST ALIGN meter readsin green

e. None.

f. Same as 2a through 2d.

a. None.

b. TEST ALIGN meter readsin green
c. TEST ALIGN meter readsin green
d. TEST ALIGN meter readsin green
e. None.

f. Same as 3b.

a. TEST ALIGN meter reads in or to right of
green.

b. TEST ALIGN meter readsin green

c. TEST ALIGN meter readsin green

d. TEST ALIGN meter readsin green

a. TEST ALIGN meter readsin green
b. TEST ALIGN meter readsin green
c. TEST ALIGN meter readsin green
d. TEST ALIGN meter readsin green
e. None.

f. Same as 5a through 5d.

a. TEST ALIGN meter readsin green
b. TEST ALIGN meter readsin green
c. None.

d. Same as 6a and 6b.

a. None.
b. None.

c. None.

d. None.

e. TEST ALIGN mee reads on, or near,
hairlinein yellow area.

f. None.

g. 490mv 50.

a. Audible and visual aarms indicate master
TD-352/U is in frame and dave TD-352/U is
out of frame. TD-202/U audible and visual
alarmsindicate traffic.

b None.

c. Test toneisclear and free of distortion.
d. Channel isfree of any random clicks.

e. Audible and visua alarms indicate both
master and dave TD-352/U units are in frame.
TD-202/U audible and visual alarms indicate
traffic.

f. Same asin 8b through 8d.

g. None.

h. Test toneis clear and free of distortion.
i. Channel isfree of any random clicks.

j- Sameasin 8e.

k. Same asin 8f through 8i.

I. Visua and audible alarms indicate both
TD-352/U units are out of frame. TD-202/U
audible and visual alarms indicate no traffic..
m. Same asin 8e.

Change 2



5-5.1 Power Supply and Metering Tests.

TM 11-5805-367-35/1

a. Set input voltage to 115 Vac and adjust the 5A1 + 10, + 4.5 and-4.5 supplies to their nominal voltage

b. Vary the input over the range of 109 to 121 Vac.

See TABLE 1, Column A.

c. Set the + 10, +4.5 and -4.5 supplies for Hairline(HL) on the Test ALIGN meter. See TABLE 1, Column B.

TABLE 1
Supply Test Point COLUMN A COLUMN B
Regulation Limits (Vdc) Meter at HL
+10.0 J2 to 10.25 9.70 t0 10.30
+4.5 J3 4.38 t0 4.62 4.36t0 4.64
-4.5 J4 -4.38 to -4.62 -4.36 to-4.64
-12.0* J5 +10% 115 V Value Within green area

*Not adjustable.

Change 2
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5-6. Summary of Performance Standards, TD-202/U

TM 11-5805-367-35/1

Test
No.

la

1b

1c

le

2c

2d

2f

3b

3c

3d

3f

4a

4b

4c

4d

Description

Transmit timing, transmit timing-in monitor,
pcm input and input monitor, sampler,
reshaper, and output to radio transmitter tests
Panel 5A2, 24-channel timing delay and timing
in monitor circuits (METER SELECT: TIMING
IN).

Panel 5A2 Pam in-1 monitoring (METER
SELECT: PCM IN-1).

Panel 5A2 pcm in-2 monitoring (METER
SELECT: PCM IN-2).

Panel 5A2 sampler, reshaper and output to
radio transmitter (TRAFFIC SEL: 12).

Video amplifier, peak detector, decision, and
pcm regeneration tests

Panel 5A3 video amplifier and peak detectors
(SERV SEL: A, TRAFFIC SEL: 241, 24R,
24S).

Panel 5A3 decision and pcm regeneration
(SERV SEL: G. TRAFFIC SEL: 241, 24R,
24S).

Panel 5A3 video amplifier and peak detectors
(SERV SEL: A, TRAFFIC SEL: 12); Panel 5A3
decision and pcm regeneration (SERV SEL: G.
TRAFFIC SEL: 12).

Receive timing generator and monitoring tests
Panel 5A4 crystal-filter drive (SERV SEL: B.
TRAFFIC SEL: 12).

Panel 5A4 12-channel timing-2 generator
(SERV SEL: E, TRAFFIC SEL: 12).

Panel 5A4 12-channel timing-1 generator
(SERV SEL: F. TRAFFIC SEL: 12).

Panel 5A4 crystal-filter drive (SERV SEL: B.
TRAFFIC SEL: 24R, 24S, 24l),

Receive timing and monitoring tests

Panel 5A5 crystal-filter output monitor (SERV
SEL: C, TRAFFIC SEL: 24R, 24S, 24l).

Panel 5A5 traffic alarm monitoring (SERV
SEL: D, TRAFFIC SEL: 24R, 24S, 24l).

Panel 5A6 countdown timing (SERV SEL: E,
TRAFFIC SEL: 24R, 24S, 24l).

Panel 5A5 decision timing (SERV SEL: F.
TRAFFIC SEL: 24R, 24S, 24l).

Change 2

Performance standard

TEST ALIGN meter reads in green

TEST ALIGN meter reads in green
TEST ALIGN meter reads in green

Hairline, or near hairline, reading in
yellow area of TEST ALIGN meter.

TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.

TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.

TEST ALIGN meter reads in green for
each position.

TEST ALIGN meter reads in green
TEST ALIGN meter reads in green
TEST ALIGN meter reads in green

TEST ALIGN meter reads in green for
all positions of TRAFFIC SEL switch.

TEST ALIGN meter reads maximum for
(within or to right of green area) each
position of TRAFFIC SEL switch.

TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.
TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.
TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.

5-6
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TM 11-5805-367-35/1
5-6. Summary of Perfor mance Standar ds, TD-202/U-Continued

Test No. Description Performance standard Test data

Timing-A and timing-B generators, and 8-kc
address-1 and address-2 generators

5a Panel 4A6/5A6 timing-A generator (SERV | TEST ALIGN meter readsin green.
SEL: H. TRAFFIC SEL 24R, 24S, 241).
5b Panel 4A6/5A6 timing-B generator (SERV | TEST ALIGN meter readsin green.
SEL: J. TRAFFIC SEL: 24R, 24S, 241).
5¢c Panel 4A6/5A6 8-kc address1 generator | TEST ALIGN meter readsin green.
(SERV SEL: K, TRAFFIC SEL 24R, 24S, 24l).
5d Panel 4A6/5A6 8-kc address2 generator | TEST ALIGN meter readsin green.
(SERV SEL: P. TRAFFIC SEL: 24R, 24S,
241).
5f Panel 4A6/5A6 timing-A-generator (SERV | TEST ALIGN meter reads in green for each

SEL: H. TRAFFIC SEL: 24R, 24S, 24l); | position of SERV SEL switch and TRAFFIC

timing B generator (SERV SEL J. TRAFFIC | SEL switch.

SEL: 12); 8-kc address-1 generator (SERV

SEL: K. TRAFFIC SEL: 12); 8-kc address-2

generator (SERV SEL: L, TRAFFIC SEL 12).
Pcm-1 and pcm-2 output tests

6a Panel 4A8/5A8 pcm-1 output (SERV SEL: M, | TEST ALIGN meter reads in green for each
TRAFFIC SEL: 24R, 24S, 24l). position of TRAFFIC SEL switch.

6b Panel 4A8/5A8 pcm-2 output (SERV SEL: N. | TEST ALIGN meter reads in green for each
TRAFFIC SEL: 24R, 24S, 24l). position of TRAFFIC SEL switch.

6d Panel 4A8/5A8 pcm-1 output (SERV SEL: M, | TEST ALIGN meter reads in green for each

TRAFFIC SEL: 12); pcm-2 output (SERV SEL: | position of SERV SEL switch.
N, TRAFFIC SEL: 12).

Orderwire tests
7e Panel 4A7/5A7 orderwire detector, amplifier | TEST ALIGN meter reads on, or near,
and output (SERV SEL: 0). hairlinein yellow area.
79 Pane 4A7/5A7 orderwire output level | 490 mv + 50.

measured.

Traffic-alarm tests
8a 12-channd traffic dlarm (TRAFFIC SEL: 12) Audible and visual alarms indicate master
TD - 352/U isin frame, dave TD - 352/U is
out of frame; TD-202/U audible and visual
alarmsindicate traffic.

8c Pcm-1  regeneration (modulated channel) | Test toneis clear and free of distortion.
(TRAFFIC SEL: 12).

8d Pcm-1  regeneration (unmodulated channel) | Channel isfree of any random clicks.
(TRAFFIC SEL: 12).

8e 24-channd interleaved traffic alarm (TRAFFIC | Audible and visual alarms indicate master
SEL: 24I). and dave TD - 352/U's are in frame; TD-

202/U alarms indicate traffic.

8f Pcm-1  regeneration (modulated channel) | Test tone in modulated channd is clear and

(TRAFFIC SEL: 24l); free of distortion; unmodulated channd is

free of any random clicks.
Pcm-1 regeneration (unmodulated channel)
(TRAFFIC SEL: 241).

8h Pcm-2  regeneration (modulated channel) | Test toneis clear and free of distortion.
(TRAFFIC SEL: 241).
8i Pcm-2  regeneration (unmodulated channel) | Channel isfree of any random clicks.

(TRAFFIC SEL: 241).
Change 2 5-7
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5-6. Summary of Perfor mance Standar ds TD-202/U---Continued

Test No.

Description

Performance standard

Test data

8

8k

8l

8m

24-channel separated traffic alarm (TRAFFIC
SEL: 24S).

Pcm-1  regeneration (modulated channd,
unmodulated channel) (TRAFFIC SEL: 24S);
Pcm-2  regeneration (modulated channd,

unmodulated channel) (TRAFFIC SEL: 24S).
Skip pulse generation (TEST-OPR: OPR)

Framing operation (TEST-OPR: TEST)

Change 2

Audible and visual alarms indicate master
and dave TD-352/U's are in frame, TD-
202/U audible and visual aarms indicate
traffic.

Test tone in modulated channdls is clear and
free of distortion; unmodulated channels are
free of any random clicks.

Audible and visual alarms indicate both TD-
352/U's are out of frame, TD-202/U alarms
indicate no traffic.

Audible and visual alarms indicate master
and dave TD-352/U's are in frame, TD-
202/U alarms indicate traffic.

5-8
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5-7 Perfor mance Tests, TD-203/U

a. Test Equipment and Materials

(1) Multiplexer TD-353/U (2 required).

(2) Signal Generator SG-71/FCC.
(3) Voltmeter, Electronic ME 30B/U.
(4) Headset-Microphone H-91A/U.

(5) Cable assembly, radiofrequency, type CG-1040B/U (8 required).

b. Test Connections and Conditions. Connect the TR - 203/U and the TD-353/U master and slave units as shown in figure 5.2. Do not connect signal generator,
headset-microphone or voltmeter until told to do so.
c. Test Procedure.
Note. Unless specifically stated otherwise, al procedure instructions and performance standards pertain to the TD-203/U test unit.

Step | Control settings Test procedures Performance standard
No. | Test equipment Equipment under test
Panel 4A2
Note. Audible and visual aarms
should indicate traffic In thistest.
1 TD-203/U test unit a. Set METER SELECT switch to a. TEST A LIGN meter reads in
AC POWER: ON TIMING IN-1. green.
OPR-TEST: TEST b. St METER SELECT switch to | b. TEST ALIGN meter reads in
TRAFFIC SEL: 96l PCM IN-1. green.
METER SELECT: SERV c. St METER SELECT switch to TO | ¢. None.
FAC RADIO XMTR.
TD-353/U master unit d. Set TRAFFIC SEL switch to 48 d. Hairline, or near hairline, reading
AC POWER: ON in ydlow area of TEST ASSIGN
2 WIRE-4 WIRE: meter.
4 WIRE
ADDRESS; MASTER
AUX: OUT
SERV SEL: E Panel - 01 4A10
ODD CHAN: 1
MEASURE-PHONE e. St METER SELECT switch to | e. TEST ALIGN meter readsin green.
ODD-PHONE EVEN: TIMING IN-2
PHONE ODD
TD-353/U dave unit. f. Set METER SELECT switch to | f. TEST ALIGN meter readsin green.
AC POWER: ON PCM in-2.
2 WIRE-4 WIRE:
4 WIRE
ADDRESS: SLAVE
AUX: OUT
SERV SEL: E
EVEN CHAN: 2
MEASURE-PHONE ODD-PHONE
EVEN:
PHONE EVEN Panel A43
Note Audible and visual alarms indicate
traffic in thistest
2 No change required a. St METER SELECT switch to | a. Hairline, or near hairline, reading
FROM RADIO RCVR. in yellow area of TEST ALIGN meter.
b. St METER SELECT switch to | b. None.
SERV FAC.
C. Set SERV SEL switchto A c. TEST ALIGN meter read., in
green.
d. Set SERV SEL switchto G d. TEST ALIGN meter readsin green.
e. Set TRAFFIC SEL switch to 48 e. None,
f. Repeat steps a through d above f. Same as a through d above.
Panel 4A4
Note. Audible and visual alarms should
indicate trafficin this test.
3 No change required a. Set TRAFFIC SEL switch to 48 . a. None.
b. Set SERV SEL switch to B b. TEST ALIGN meter readsin green
c. Set SERV SEL switchto E c. TEST ALIGN meter readsin green.
d. Set SERV SEL switchto F d. TEST ALIGN meter readsin green.
e. Set TRAFFIC SEL switch to 96l e. None,
f. Repeat step b above f. Same as b above.
Panel 4A5
Note. Audible and visua alarms should
indicate traffic in this test.
4 No change required a. Set SERV SEL switch to C and | a. TEST ALIGN meter indicates 1/6
adjust CL on 4A3 pand for peak scale or above
b. Set SERV SEL switch to D b. TEST ALIGN meter readsin green.
c. Set SERV SEL switchto E c. TEST ALIGN meter readsin green.
d. Set SERV SEL switchto F d. TEST ALIGN meter readsin green.
e. Set TRAFFIC SEL switch to 48 e. None,
f. Repeat Steps b through d above f. Same as b through d above
Panel 4A6/5A6
5 No change required a. Set SERV SEL switchtoH a. TEST ALIGN meter readsin green.
b. Set SERV SEL switch to J. b. TEST ALIGN meter readsin green.
c. Set SERV SEL switch to K c. TEST ALIGN meter readsin green.
d. Set SERV SEL switchtolL d. TEST ALIGN meter readsin green.
e. Set TRAFFIC SEL switch to 48 e. None,
f. Repeat steps a through d above f. Same as a through d above.
Panel 4A815A8
6 No change required a. Set SERV SEL switchtoM . a. TEST ALIGN meter readsin green.
b. Set SERV SEL switchto N b. TEST ALIGN meter readsin green.
. Set TRAFFIC SEL switch to 48 c. None,
d. Repeat Steps a and b above d. Same as a and b above.
Panel 4A9
7 No change required a. Set TRAFFIC SEL switch to 96R, | a. None.

96S, 96I.

b. Set SERV SEL switchto E

c. Set SERV SEL switchtoH

d. Set SERV SEL switchtoJ

e. Set SERV SEL switch to K

f. Set SERV SEL switchto L

g. Set TRAFFIC SEL switch to 48
h. Repeat steps ¢ through f above

b. TEST ALIGN meter readsin green.
c. TEST ALIGN meter readsin green.
d. TEST ALIGN meter readsin green.
e. TEST ALIGN meter readsin green.
f. TEST ALIGN meter readsin green.
g. None.

h. Same as c through f above.



TD-353/U's not required for this
step.

SG-71/FCC
POWER ON: ON
RANGE: X10
Tuning vernier: 100

AMPLITUDE:0.020 rms
MOD. BAL.—
BAL.-UNBAL
BAL..
ME-30B/U

Power ON-OFF: ON
Range: 0.3

Same as step 1 plus: SG-71/FCC
Same as step 8

Connect a 600-ohm termination
resistor acrossterminals A and

B of TD-203/U ORDER WIRE
connector.

Panel 4A7/5A7

a. Disconnect master and dave TD-
353/U units.

b. Remove cable between TEST OUT
and FROM RADIO RCVR.

c. Connect BAL. OUTPUT of
SG-71/FCC to TD-203/U FROM
RADIO RCVR connector.

d. Set SERV SEL switch to 0.

e. Adjuss ORDER WIRE LEVEL
control on side panel for performance
standard.

f. Connect voltmeter to pins A and B
of ORDER WIRE connector.
0. Measure order-wire output level

System Test

a. Set TEST-OPR switch to OPR

b. Set TEST-OPR switch to TEST.

c. Set TRAFFIC SEL switch to 48

d. Connect Headset-Microphone
H-91A /U to TALK MONITOR Jack
of master TD-353 /U and listen to
channdl 1.

e Connect BAL output of SG-71
/[FCC to master TD-353 CHAN 1-8
connector, pins A and B (channel 1).
f. Adjust SG-71/FCC output level for
performance standard.

g. Listen to 1,000 Hz tone.

h. Set TRAFFIC SEL switch to 96l.

i. Repeat steps d through g above.

| Set TRAFFIC SEL switch to 96S.

K. Repeat steps d through g above.

I.  Connect Headset-Microphone
H-91A/U to TALK MONITOR Jack
of dave TD-353 /U and listen to
channel 2.

m. Connect BAL output of
SG-71/FCC to slave TD-353/U CHAN
1-8 connector pins X and Y (channel
2).

n. Repesat stepsf and g above.

0. Set TRAFFIC SEL switch to 96l.

p. Repeat steps 1 through n above.

a. None.

b. None.

c. None.

e. TEST ALIGN meter reads on, or
near, hairlinein yellow area.

f. None.

g 490 mv + 50.

a. Visual and audible alarms indicate
both TD-353/U units are out of frame.
TD-203/U audible and visual alarms
indicate no traffic.

b. Audible and visual alarms indicate
both TD-353/U units are in frame.
TD-203/U audible and visual alarms
indicate traffic.

c. Audible and visual alarms indicate
master TD-353 /U is in frame and
dave TD-353 /U is out of frame.
TD-203/U audible and visual alarms
indicate traffic.

d. Channd is free of any random
clicks.

€. None

f. TEST ALIGN meter reads on

hairline in yellow area (SERV SEL

E).

g. Toneisclear and free of distortion.

h. Same as step b above

i. Same as steps d through g above.
Same as step b above

. Same as steps d through g above.

Channd is free of any random
clicks.

TIX I

m. None.

n. Same as steps f and g above.
0. Same as step b above.
p. Same as steps | through n above.
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Test No.

Description

Performance standard

Test data

2c

2d

2f

3b

3c

3d

3f

4a

4b

4c

4d

Transmit timing,, transmit timing-in monitor,
pcm input and input monitor, sampler,
reshaper and output to radio transmitter
tests

Pane 4A2, 96-channel timing delay and
timing in monitor circuits (METER SELECT:
TIMING IN-1).

Pane 4A2 pcm in-1 monitoring (METER
SELECT: PCM IN-1).

Panel 4A2 sampler, reshaper and output to
radio transmitter (TRAFFIC SEL: 48).

Panel 4A10, 90-channd timing delay and
timing - in-2 monitor circuits (METER
SELECT: TIMING IN-2).

Pane 410 pcm 4A2 monitoring (METER
SELECT: PCM IN-2).

Video amplifier, peak-a-detector decision and
pcm regener ation tests

Panel 4A3 video amplifier and peak detectors
(SERV SEL: A, TRAFFIC SEL: 96l, 96R,
969).

Panel 4A3 decison and pcm regeneration
(SERV SEL: G. TRAFFIC SEL: 96l, 96R,
969).

Panel 4A3 video amplifier and peak detectors
(SERV SEL: A, TRAFFIC SEL: 48).

Panel 4A3 decison and pcm regeneration
(SERV SEL: G. TRAFFIC SEL: 48).

Receive timing generator and monitoring tests
Panel 4A4 crystal-filter drive (SERV SEL: B,
TRAFFIC SEL: 48).

Panel 4A4 48-channd timing-2 generator
(SERV SEL: E, TRAFFIC SEL: 48).
Panel 4A4 48-channd timing-|

(SERV SEL: F, TRAFFIC SEL: 48).
Panel 4A4 crystal-filter drive (SERV SEL: B,
TRAFFIC SEL: 96R, 96S, 96l); 96-channe
timing-2 generator (SERV SEL: E, TRAFFIC
SEL: 96R, 96S, 96l); 96-channd timing-I
generator (SERV SEL: F, TRAFFIC SEL:
96R, 96S, 96l).

Receive timing and monitoring tests
Panel 4A5 crystal filter output monitor (SERV
SEL: C, TRAFFIC SEL: 96R, 96S, 961).

Panel 4A5 traffic-alarm monitoring (SERV
SEL: D, TRAFFIC SEL: 96R, 96S, 96l).

Panel 4A5 countdown timing (SERV SEL: E,
TRAFFIC SEL: 96R, 96S, 96l).

Panel 4A5 decision timing (SERV SEL: F,
TRAFFIC SEL: 96R, 96S, 96l).

generator

Change 2

TEST ALIGN meter readsin green.

TEST ALIGN meter readsin green.

Hairline or near hairline reading in yellow
area of TEST align meter
TEST ALIGN meter indicates green area.

TEST ALIGN meter indicates in green
area

TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.

TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.

TEST ALIGN meter reads in green for
each position.

TEST ALIGN meter readsin green.
TEST ALIGN meter readsin green.
TEST ALIGN meter readsin green.

TEST ALIGN meter reads in green for al
positions of TRAFFIC SEL switch.

1/6 scale or above

TEST ALIGN meter reads U for each
position of TRAFFIC SEL switch.

TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.
TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.
TEST ALIGN meter reads in green for
each position of TRAFFIC SEL switch.
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5-8. Summary of Perfor mance Standards, TD-203/U-Continued

Test No. Description Performance standard | Testdata

Af Panel 4A5 crystal-filter output monitor (SERV | TEST ALIGN meter reads in green for
SEL: C, TRAFFIC SEL: 48); trafficcalarm | each | position of SERV SEL switch.
monitoring (SERV SEL: D, TRAFFIC SEL:
48); countdown timing (SERV SEL: E,
TRAFFIC SEL: 48); decison timing (SERV
SEL: F. TRAFFIC SEL: 48).
Timing-A and timing-B generators, and 8-kc
address-1 and address-2 generators

5a Panel 4A6/5A6 timing-A generator (SERV | TEST ALIGN meter readsin green
SEL: H. TRAFFIC SEL: 48).

5b Panel 4A6/5A6 timing-B generator (SERV | TEST ALIGN meter readsin green
SEL:J. TRAFFIC SEL: 48).

5c Panel 4A6/5A6 8-kc address-1 generator | TEST ALIGN meter readsin green
(SERV SEL: K TRAFFIC SEL: 48).

5d Panel 4A6/5A6 8-kc address-2 generator | TEST ALIGN meter readsin green
(SERV SEL: L, TRAFFIC SEL: 48).

5f Panel 4A6/5A6 timing-A generator (SERV | TEST ALIGN meter reads in green for
SEL: H. TRAFFIC SEL: 96R, 96S, 96l); | each position of SERV SEL switch and
timing-B generator (SERV SEL: J. TRAFFC | TRAFFIC SEL switch.
SEL: 96R, 96S, 961); 8-kc address-1 generator
(SERV SEL: X, TRAFFIC SEL: 96R, 86S,
961); 8-kc addressed generator (SERV SEL: L,
TRAFFIC SEL: 96R, 96S, 96l).

Pcm-1 and pcm-2 output tests

6a Panel 4A8/5A8 pcm-1 output (SERV SEL: M, | TEST ALIGN meter reads in green for
TRAFFIC SEL: 96R, 96S, 96l). each position of TRAFFIC SEL switch.

6b Panel 4A8/5A8 pcm-2 output (SERV SEL: N. | TEST ALIGN meter reads in green for
TRAFFIC SEL: 96R, 96S, 96l). each position of TRAFFIC SEL switch.

6d Panel 4A8/5A8 pcm-1 output (SERV SEL: M, | TEST ALIGN meter reads in green for
TRAFFIC SEL: 48); pcm-2 output (SERV | each position of SERV SEL switch.
SEL: N. TRAFFIC SEL: 48).
High tragic timing drive and timing control
tests

7b Panel 4A9 96-channd timing-2 drive (SERV | TEST ALIGN meter readsin green
SEL: E, TRAFFIC SEL: 96R, 96S, 96l).

7c Panel 4A9 ht timing-1 control (SERV SEL: H. | TEST ALIGN meter readsin green
TRAFFIC SEL: 96R, 96S, 96l).

7d Panel 4A9 ht timing-2 control (SERV SEL: J. | TEST ALIGN meter readsin green
TRAFFIC SEL: 96R, 96S, 961).

7e Panel 4A9 8-kc address-2 control (SERV SEL: | TEST ALIGN meter readsin green
X, TRAFFIC SEL: 96R, 96S, 96l).

i Panel 4A9 8-kc address-2 control (SERV SEL: | TEST ALIGN meter readsin green
L, TRAFFIC SEL: 96R, 96S, 96l).

7h Panel 4A9 96-channd timing-2 drive (SERV | TEST ALIGN meter reads in green for

SEL: E, TRAFFIC SEL: 48); ht timing-1
control (SERV SEL: H. TRAFFIC SEL: 48);
ht timing-2 control (SERV SEL: J. TRAFFIC
SEL: 48); address-2 control (SERV SEL: X,
TRAFFIC SEL: 48); addresa-2 control (SERV
SEL: L, TRAFFIC SEL: 48).

each position of SERV SEL switch.
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58. Summary of Performance Standar ds, TD-203/U-Continued

Test No. Description Performance standard Test data
Order-wire tests
8e Panel  4A7/5A7  order-wire  detector, | TEST ALIGN meter reads on or near
amplifier and output (SERV SEL: 0). hairlinein yellow area.
8g Panel 4A7/5A7 order-wire output level | 490 mv 50
measured.
Traffic -alarm tests
9a Skip pulse generation (TEST-OPR: OPR). Audible and visual alarms indicate both
TD-353/U's are out of frame, TD-203/U
alarms indicate no traffic
9b Framing operation (TEST-OPR: TEST). Audible and visual alarms indicate master
and slave TD353/U's are in frame, TD-
203/U alarms indicate traffic.
9 48-channd traffic alarm (TRAFFIC SEL: | Audible and visual alarms indicate master
48). TD-353/U is in frame, dave TD-353/U is
out of frame; TD-203/U audible and visual
alarms indicate traffic
ad Pcm-1 regeneration (unmodulated channel) | Channel isfree of any random clicks.
(TRAFFIC SEL: 48).
9 Pcm-1 regeneration (modulated channel) | Test toneis clear and free of distortion.
(TRAFFIC SEL: 48).
%h 96-channel  interleaved traffic alarm | Audible and visual alarms indicate master
(TRAFFIC SEL: 96l). and dave TD353/U's are in frame, TD-
203/U alarms indicate traffic.
9i Pcm-1 regeneration (modulated channel) | Test tone in modulated channdl is clear and
(TRAFFIC SEL: 961). Pcm-l regeneration | free of distortion; unmodulated channel is
(unmodulated channel) (TRAFFIC SEL: | freeof any random clicks.
96l).
9 96-channel  separated  traffic  alarm | Audible and visual alarms indicate master
(TRAFFIC SEL: 965). and dave TD353/U's are in frame, TD-
203/U audible and visual alarms indicate
traffic.
9k Pcm-1 regeneration (modulated channel, | Test tone in modulated channels is clear
unmodulated channel) (TRAFFIC SEL: 96S) | and free of distortion; unmodulated
channels are free of any random clicks.
9 Pcm-2 regeneration (unmodulated channel) | Channel isfree of any random clicks.
(TRAFFIC SEL: 969).
9n Pcm-2 regeneration (modulated channel) | Test toneis clear and free of distortion.
(TRAFFIC SEL: 969)
9 Pcm-2 regeneration (modulated channel, | Test tone in modulated channels is clear
unmodulated channel) (TRAFFIC SEL: | and free of distortion; unmodulated
96l). channels are free of any random clicks.
Change 2 5-12
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CHAPTER 6

DEPOT OVERHAUL STANDARDS

6-1. Applicability of Depot Over haul Standards

The depot overhaul standards are designed to measure the performance capability of a repaired equipment. Equipment
that meets the minimum standards will have performance capabilities equivalent to that of new equipment.

6-2. Applicable References

a. Repair Sandards. Applicable procedures of the depot performing these tests and the general standards for repaired
electronic equipment given in TB SIG 355-1, TB SIG 355-2, and TB SIG 355-3 form a part of the requirements for
testing this equi pment.

b. Modification Work Orders. Perform all modification work orders applicable to this equipment before making the
tests specified. DA Pam 310 -4 lists all available MWO's.

6-3. Depot Overhaul Standard

When depot repair and overhaul has been completed, perform the procedures in chapter 5. When the equipment has
been tested, repackage it for stockage.
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Figure 6-13. Receiver, panel 5A3, top panel view.
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18T
SIGNIFICANT FI6.
2D SIGNIFICANT FI6.
MULTIPLIER
TOLERANCE

FAILURE-RATE LEVEL

{ESTABLISHED RELIABILITY
TYPES ONLY)

SIGNIFICANT FIG.
2D SIGNIFICANT FIG,

MULTIPLIER
TOLERANCE

COLOR CODE MARKING FOR COMPOSIT'ON TYPE RESISTORS.

ST
SIGNIFICANT FIG.

2D SIGNIFICANT FIG.
MULTIPLIER
TOLERANCE

TERMINAL

COLOR-CODE MARKING FO FILM-
TYPE RESISTORS.

TABLE |
COLOR CODE FOR COMPOSITION TYPE AND FILM TYPE RESISTORS.
BAND A BAND B BAND € BAND D BAl E
FIRST SECOND RESISTANCE FA JRE
COLOR  [SIGNIFICANT|  cOLOR  |siniFicanT] coLor  muLmipLiEr | cocor | ToLerance | coLor E | TERM.
FIGURE FIGURE {PERCENT) U EL
SIERE
BLACK..... 0 BLACK 0 BLACK.. | BROWN... | M= 1
BROWN. I BROWN I BROWN. .. 10 RED pe
RED....... 2 REO....[ 2 RED........ 100 ORANGE..| Re1 )
ORANGE. 3 ORANGE...| 3 ORANGE...| 1,000 YELLOW. .
YELLOW...[ 4 YELLOW 4 YELLOW...| 10000 | SILVER | 10 (comr | wwite. | ... S0LD-
TYPE ONLY) ERABLE
GREEN.... 5 5 GREEN....| 100,000 | 6OLD...| £5
BLUE.. 6 6 BLUE..... | 1,000,000 | RED....| ¥ 2 (NOT AP-
PURPLE 7 pureie... [ 7 PLICABLE T0
(VIOLET) (VIOLET) ESTABLISHED
GRAY. 8 GRAY....\ 8 SILVER... 001 RELIABILITY.
WHITE... 9 WHITE 9 60LD 01
BAND A — THE FIRST SIGNIFICANT FIGURE OF THE RESISTANCE VALUE
(BANDS A THRU D SHALL BE OF EQUAL WIDTH.)
BAND B — THE SECOND SIGNIFICANT FIGURE OF THE RESISTANCE VALUE.
BAND C — THE MULTIPLIER {THE MULTIPLIER IS THE FACTOR BY WHICH THE
TWO SIGNIFICANT FIGURES ARE MULTIPLIED TO YIELD THE
NOMINAL RESISTANCE VALUE.)
BAND D — THE RESISTANCE TOLERANCE.
BAND E — WHEN USED ON COMPOSITION RESISTORS, BAND E INDICATES
ESTABLISHED RELIABILITY FAILURE — RATE LEVEL ( PERCENT FAILURE
PER 1,000 HOURS). ON FILM RESISTORS, THIS BAND SHALL BE APPROXIMATELY
1+1/2 TIMES THE WIDTH OF OTHER BANDS, AND INDICATES TYPE OF TERMINAL .
RESISTANCES IDENTIFIED BY NUMBERS AND LETTERS
(THESE ARE NOT COLOR CODED )
SOME RESISTORS ARE IDENTIFIED BY THREE OR FOUR DIGIT ALPHA NUMERIC
DESIGNATORS. THE LETTER R IS USED IN PLACE OF A DECIMAL POINT WHEN
FRACTIONAL VALUES OF AN OHM ARE EXPRESSED. FOR EXAMPLE:
2R7: 2.7 OHMS 10RO = 10.0 OHMS
FOR WIRE - WOUND ~ TYPE RESISTORS COLOR CODING IS NOT USED, IDENTI-
FICATION MARKING IS SPECIFIED IN EACH OF THE APPLICABLE SPECIFICATIONS.
EXAMPLES OF COLOR CODING
(ER) ( GEN )
A B c o a8 c ot aecot e
| |
[ 2 FE ™ w
—z||=|ef8|z 3 g ofy ofafl +
— 4|z ¥lall2 1) wll> wl gl =
3 1E e 2] ]a S
oo g -9 9 g me Qg
en 25 20 soLoE pLE
x o +
+
NOMINAL RESISTANCE 3900 OHMS  NOMINAL RESISTANCE 1,400 OHMS NOMINAL RESISTANCE }400 OMMS
RESISTANCE TOLERANCE 5% RESISTANCE TOLERANCE +10% RESISTANCE TOLERAI | 5%
FAILURE RATE LEVEL M TERMINAL SOLDERAE
COMPOSITION-TYPE RESISTORS FILM - TYPE RESIST }S
% IF BAND D IS OMITTED, THE RESISTOR TOLERANCE IS £ 20% AND THE RESISTOR IS NOT MIL- [ro

A. COLOR CODE MARKING FOR MILITARY STANDARD RESISTORS. B.

MIL SPEC IDENT MIL SPEC IDENT
(SILVER)

IST FIG.(GRAY)
DECIMAL {GOLD )
2D FIG.(RED)
TOLERANCE (SILVER)

18T FIG.

‘ (ORANGE)
i 20 FIG.{ORANGE)
..1 MULT {BROWN}
TOLERANCE (G0LD)
(A) B2UH £10% (B) 330UH 1 5%

COLOR CODING FOR TUBULAR ENCAPSULATED R.F. CHOKES, AT A, AN EXAMPLE OF
OF THE CODING FOR AN 8.2UH CHOKE IS GIVEN. AT B, THE COLOR BANDS FOR
A 330UH INDUCTOR ARE ILLUSTRATED.

TABLE 2
COLOR CODING FOR TUBULAR ENCAPSULATED R.F. CHOKES.
SIGNI= INDUCTANCE
COLOR | FICANT | MULTIPLIER | TOLERANCE
FIGURE (PERCENT)
BLACK 0 1
BROWN | 10 |
RED 2 100 2
ORANGE 3 1,000 3
YELLOW | 4
GREEN 5
BLUE 6
VIOLET 7
GRAY 8
WHITE 9
NONE 20
SILVER 10
GOLD  |DECIMAL POINT 5

MULTIPLIER 1S THE FACTOR BY WHICH THE TWO COLOR FIGURES
ARE MULTIPLIED TO OBTAIN THE INDUCTANCE VALUE OF THE
CHOKE COIL.

CAPACITORS, FIXED,i /ARIOUS - DIELECTRICS, STYLES CM, CN, CY, AND CB.

M

~MIL IDENTIFIER (BLA € DOT)
IST SIGNIFICANT F 3URE

20 SIGNIFICAN' FIGURE
s 3
Fnom/@' _{

MULTIPLIER

CAPACITANCE TOLE !ANCE
" CHARACTERISTIC

[~ DC WORKING VOLTAGE
OPERATING TEMPER (TURE
gVIBHATION GRAI E

-y

MICA - DIELECTRIC

CN

MIL IDENTIFIER (SILVER DOT)
| ST SIGNIFICANT FIGURE
2D SIGNIFICANT FIGURE

od

Ak

- CAPACITANCE TOLERANCE
CHARACTERISTIC

PAPER - DIELECTRIC

cY

~MIL IDENTIFIER { BLACK DOT)
IST SIGNIFICANT FIGURE
2D SIGNIFICANT FIGURE

43
, — INDICATOR
} _XL METHOD A

MULTIPLIER
CAPACITANCE TOLERANCE
L OPERATING TEMPERATURE RANGE

INDICATOR
METHOD B

GLASS-DIELECTRIC, GLASS CASE

TEMPERATURE COEFFICIENT
— IST SIGNIFICANT FIGURE
20 SIGNIFICANT FIGURE

[~ MULTIPLIER
— CAPACITANCE TOLERANCE

"=

MIL 1DENTIFIER
(BLACK DOT}

AXIAL LEAD

COLOR CODE MARKING FOR MILITARY STANDARD INDUCTORS.

TEMPERATURE COEFFICIENT

— IST SIGNIFICANT FIGURE

20 SIGNIFICANT FIGURE
MULTIPLIER

i CAPACITANCE TOLERANCE

FRONT MIL IDENTIFIER
( BLACK DOT)
MIL (DENTIFIER REAR
(BLACK DOT)
REAR
RADIAL LEAD

cB

MIL IDENTIFIER (BLACK DOT)
18T SIGNIFICANT FIGURE

2D SIGNIFICANT FIGURE
MULTIPLIER

CAPACITANCE TOLERANCE
CHARACTERISTIC

MICA, BUTTON TYPE

TEMPERATURE COEFFICIENT
K IST SIGNIFICANT FIGURE
- 01— 2D SIGNIFICANT FIGURE

(]
7“ MULTIPLIER

CAPACITANCE TOLERANCE

FRONT

DISK -TYPE

TABLE — FOR USE WITH STYLES CM, CN,CY AND CB.

TM 11-5805-367-35/1

TM 11-5805-367-3511

7]~ 0C | OPERATING

WL | ST | 20 || CAPACITANCE TOLI TERISTIC{ WORK TEMP V'WATWN

coor " | 816 | Si6 |MULTIPLIER VOLTAGE| RANGE | GRADE
F16. | FI6. M ] CN [ CY [ CB [CM]CN]CB] oW | CReM | oM

——
RS ERE | t20%|+20% | A 5500 +7°c| 108812
BROWN B 10 EE
RED 2 |2 100 | $2% t2%| 2% | ¢ 5% +85°%C|
ORANGE 313 1,000 30%| 0 D | 300
YELLOW 4 4 10,000 E -55'T°+|25'C 10-2,000Hz|
GREEN 5 5% F 500
BLUE 6 3 -55°7+150°C]
PURPLE 11
VIOLET)
GRAY 8|8
WHITE 9 9
GOLD 0l 5% | £5%
SILVER  CN 0.01 |£10%| £10%|£10% | £10%

TABLE ¢— TEMPERATURE COMPENSATING, STYLE CC.

remperatuRe | 5T] 20 | capncimance toemance T
COLOR | cogrricieNt® | S | Sie | MULTIPLIER A RGTTARGES | CAPACITANGES | (D
OVER 10 UUF | 10 UUF OR LESS

BLACK o [ofo I +20UUF |CC
BROWN YL 0 11%
RED 0 |22 100 2% +0.25UUF
ORANGE —50 | 3]3] 1000
YELLOW 220 |44
GREEN —330 518 5% 105 UUF
BLUE a0 [6]6
i A i
GRAY 8] ooi*
WHITE 3 0% tio%
GoLo +100 0. 1.0 UUF
SILVER 0.0

~

o

ES

*

Figure 6-17. Resistor, Capacitor color coding.

THE MILTIPLIER 1S THE NUMBER BY WHICH THE TWO SIGNIFICANT (SI6) FIGURES ARE MULTIPLIED TO OBTAIN

THE CPACITANCE IN UUF.

LETTEFS INDICATE THE CHARACTERISTICS DESIGNATED IN APPLICABLE SPECIFICATIONS: MIL-C~5,
MIL-C-250, MIL-C—11272B, AND MIL-C-10950C RESPECTIVELY.

LETTERS INDICATE THE TEMPERATURE RANGE AND VOLTAGE-TEMPERATURE LIMITS DESIGNATED IN

MIL=C-}10ISD.
TEMPERATURE COEFFICIENT IN PARTS PER MILLION PER DEGREE CENTIGRADE.

OPTIOML CODING WHERE METALLIC PIGMENTS ARE UNDESIRABLE.

ESC.FM 913-73 I

C. COLOR CODE MARKING FOR MILITARY STANDARD CAPACITORS.



COLOR CODE MARKING FOR MILITARY STANARD CAPACITORS

GROUP | Capacitors, §ixed, Various-Dielectrics, Styles CM, CN, CY, and CB

CM CN cY
MIL IDENTIFIER (BLACK DOT) MIL IDENTIFIER (SILVER DOT) L IDENTIFIER (BLACK DOT)
18T SIGNIFICANT FIGURE IST SIGNIFICANT FIGURE ST SIGNIFICANT FIGURE

2D SIGNIFICANT FIGURE 2D SIGNIFICANT FIGURE 20 SIGNIFICANT FIGURE
p— INDICATOR
METHOD A 3
-MULTIPLIER = MULTIPLIER
CAPACITANCE TOLERANCE e CAPACITANCE TOLERANCE
CHARACTERISTIC - ARACTERISTIC
FRONT MULTIPLIER
CAPACITANCE TOLERANCE INOICATOR
DC WORKING VOLTAGE L cHARACTERISTIC METHOD a*’E El

OPERATING TEMPERATURE
VIBRATION GRADE

REAR

MICA-DIELECTRIC PAPER-DIELECTRIC GLASS-DIEL TRIC, GLASS CASE

GROUP Il Capacitors, Fixed Ceramic-Dielectric.(General Purpose) Style CK

TEMPERATURE RANGE: AND

TEMPERATURE RANGE AND
VOLTAGE-TEMPERATURE LIMIT

VOLTAGE-TEMPERATURE LIMIT
IST SIGNIFICANT FIGURE
20 SIGNIFICANT FIGURE

TEMPEI TURE RANGE AND
VOLTAG FEMPERATURE LIMIT

IST S VIFICANT FIGURE

rﬁ;?’;‘;':ﬁ:g"g”;:u" MULTIPLIER 20 SNIFICANT FIGURE
 MULTIPLIER CAPACITANCE TOLERANCE # TIPLIER
(= CAPACITANCE TOLERANCE g— [PACITANCE TOLERANCE
== M I0ENTIFIER
(' LLOw DOT)
NIL IDENTIFIER FRONT
(YELLOW 0OT) MIL IDENTIFIER O O
{YELLOW DOT)
oy «E=m
REAR
AXIAL LEAD RADIAL LEAD . FEED-THROUG! STAND-OFF

GROUP il Capacitors, Fixed, Ceramic-Dieletric (Temperature Compensating) Style CC

TEMPERATURE COEFFICIENT
1ST SIGNIFICANT FIGURE
20 SIGNIFICANT FIGURE

TEMPERATURE COEFFICIENT
1ST SIGNIFICANT FIGURE

I—zo SIGNIFICANT FIGURE s
NULTIPLIER
[- r CAPACITANCE TOLERANCE [[_cl“ PAGITANCE TOLERANCE
x ]
Luu. IDENTIFIER FRONT
{BLACK DoT) MIL IDENTIFIER
(8LACK DOT)
REAR
REAR
AXIAL LEAD RADIAL LEAD

[4:]

MIL IDENTIFIER (BLACK DOT)
1ST SIGNIFICANT FIGURE

20 SIGNIFICANT FIGURE
MULTIPLIER

CAPACITANSE TOLERANCE
CHARACTERISTIC

MICA, BUTTON TYPE

TEMPERATURE RANGE AND
VOLTAGE-TEMPERATURE LIMIT

IST SIGNIFICANT FIGURE
2D SIGNIFICANT FIGURE
[{HULTIPLIER

CAPACITANCE TOLERANCE

FRONT
MIL IDENTIFIER
(YELLOW DOT)
REAR
DISK-TYPE

TEMPERATURE COEFFICIENT

&ISY SIGNIFICANT FIGURE

01— 20 SIGNIFICANT FIGURE

O
’gv MULTIPLIER
CAPACITANCE TOLERANCE
MIL IDENTIFIER

{BLACK DOT}

FRONT

DISK-TYPE

COLOR CODE TABLES
TABLE | - For use with Group |, Styles CM, Cii, CY ond CB
1st 2nd R ASTICE DC WORKING OPERATING TEMP. VIBRATION
COLOR 'IA(I)'. SIG | SIG | MULTIPUER' | CAPACITANCE TOLERANCE CHARACTE YOLTAGE RANGE GRADE
fiG | AG CM ] CN | Ccr | c8 oM |ONfcCY |cB ) ™ )
sk | MY o0 0 1 +20% | *20% A —55° 1 +70°C | 10-55¢p
BROWN 1 1 10 ] E B
) 2 2 100 2y tay | ta2e | ¢ 3 —55° 10 +45°C
ORANGE 3 3 1,000 + 30% 0 ) 200
YELLOW 4 4 10,000 £ —55°to +125°C | 102,000 cpr
GREEN 5 s * 5% [ 500
BLUE [ 6 —55°10 +150°C
ot 7 7
GRey’ ] ]
WHITE 9 ?
GOl X R
SILVER N £10% +10% =10% + 10%

TABLE !l - For use with Group I, General Puniose, Style CK

TABLE Il - For use with Group Hl, Temperature Compensating, Style CC

TEMP.RANGE AND | 1st | 2nd 154 | 2nd CAPACITANCE TOLERANCE
COLOR | VOITAGE - T. | S | 5G| murmpee | CIEACERRCE | ot COLOR | T s 569G | MULTIHR oo | ot e
BLACK 0|0 *20% BLACK 0 0o 0 1 * 2,00t (<4
BROWN AW v ¥ £10% SROWN 30 11 o P
RED AX 2| 2 0 ) RED ~80 2 ? 100 2% + 0.25u0f
ORANGE [13 303 1,004 ORANGE —150 3] 3 1,000
Yeuow A 44| reso « YELOW -1220 P
GREEN [« 518 ' GREEN —330 5| s 5% + 0.5wf
BLUE 1] 6| 6 sLue -470 6| 6
e 7|7 Tobu 150 7
pyee T 1 s GREY ] 0.01
WHITE ) WHITE 9 0 0.1 *10%
GOl GOLD +100 * 1.0uf
SILVER SILVER
1. The moltiplier is the number by which the two sinificant [SIG) figures are multiplied 1o obtain the capacitance in vf.
2, Letters indicate the Ch istics designated inapplicable specifications: MIL-C=5, MIL-C-91, MIl-C~11272, and MIL-C-10950 respectively.
3. Letters indicate the temperalure range and volc p limits designated in MIL~C-11015.
4. Temperature coefficient in parts per million per ‘egree centigrade,
8T0-ct

Figure 6-18. Color code marking, MIL STD capacitors.
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Figure 6-19. TD-208/U (TD-202/U), block diagram.

Figure 6-19. TD-203/U (TD-202/U), block diagram
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C 1, TM 11-5805-367-35/1
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TNS805- 367« 38/1-C1-2)

Figure 6-19.1. 8kc address generator countdown chain, timing chart.



NOTES:
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Figure 6-20. Power supply, panel 4A1/5A1, schematic diagram. TM 5805-367-35/1-19



C 1, TM 11-5805-367-35/1
NOTES:
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5 ok + s BY WHOLE NUMBERS, AND IN MICROFARADS
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. . | 3. UNLESS OTHERWISE INDICATED, ALL
3 } e ... RESISTORS ARE .25 WATT AND THEIR VALUE
o=, Bl IS EXPRESSED IN OHMS
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Figure 6-20.1. Transmit No. 1, panel 4A10, schematic diagram. TM 11-5805-367-35/1-C1-12



C 1, TM 11-5805-367-35/1
NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
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o

q
(et ER)

| SUBASSEMBLY DESIGNATION(S)
2. UNLESS OTHERWISE INDICATED, THE VALUE
T T T OF ALL CAPACITORS IS EXPRESSED IN
A L 3 MICROMICROFARADS WHEN REPRESENTED
Rt R BY WHOLE NUMBERS, AND IN MICROFARADS
2“””{ %? — . wE ¢ WHEN REPRESENTED BY DECIMALS
. i 3. UNLESS OTHERWISE INDICATED, ALL
e T | A D oS W RESISTORS ARE .25 WATT AND THEIR VALUE
1 =) : IS EXPRESSED IN OHMS
ﬁ% s
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Figure 6-21. Transmit No. 2, panel 4A2, schematic diagram. TM 5805-367-35/1-C1-13
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Figure 6-22. Receiver, panel 4A3, schematic diagram.

NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
SHOWN; FOR COMPLETE DESIGNATION,
PREFIX WITH UNIT NUMBER OR
SUBASSEMBLY DESIGNATION(S)

2. UNLESS OTHERWISE INDICATED, THE VALUE
OF ALL CAPACITORS IS EXPRESSED IN
MICROMICROFARADS WHEN REPRESENTED
BY WHOLE NUMBERS, AND IN MICROFARADS
WHEN REPRESENTED BY DECIMALS

3. UNLESS OTHERWISE INDICATED, ALL
RESISTORS ARE .25 WATT AND THEIR VALUE

IS EXPRESSED IN OHMS

4. |:| INDICATES EQUIPMENT MARKING

TM 5805-367-35/1-24
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Figure 6-23. Timing generator No. 1, panel 4A4, schematic diagram.

NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
SHOWN; FOR COMPLETE DESIGNATION,
PREFIX WITH UNIT NUMBER OR
SUBASSEMBLY DESIGNATION(S)

2. UNLESS OTHERWISE INDICATED, THE VALUE
OF ALL CAPACITORS IS EXPRESSED IN
MICROMICROFARADS WHEN REPRESENTED
BY WHOLE NUMBERS, AND IN MICROFARADS
WHEN REPRESENTED BY DECIMALS

3. UNLESS OTHERWISE INDICATED, ALL
RESISTORS ARE “4WATT AND THEIR VALUE
IS EXPRESSED IN OHMS

4. |:| INDICATES EQUIPMENT MARKING
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NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
SHOWN; FOR COMPLETE DESIGNATION,
PREFIX WITH UNIT NUMBER OR
SUBASSEMBLY DESIGNATION(S)

2. UNLESS OTHERWISE INDICATED, THE VALUE
OF ALL CAPACITORS IS EXPRESSED IN
MICROMICROFARADS WHEN REPRESENTED
BY WHOLE NUMBERS, AND IN MICROFARADS
WHEN REPRESENTED BY DECIMALS

3. UNLESS OTHERWISE INDICATED, ALL
RESISTORS ARE “4WATT AND THEIR VALUE

IS EXPRESSED IN OHMS
4. |:| INDICATES EQUIPMENT MARKING
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Figure 6-Z25. 1Iming generator NO. 5, panel 4Ab/5Ab, schematiC diagram.

NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
SHOWN; FOR COMPLETE DESIGNATION,
PREFIX WITH UNIT NUMBER OR
SUBASSEMBLY DESIGNATION(S)

2. UNLESS OTHERWISE INDICATED, THE VALUE
OF ALL CAPACITORS IS EXPRESSED IN
MICROMICROFARADS WHEN REPRESENTED
BY WHOLE NUMBERS, AND IN MICROFARADS
WHEN REPRESENTED BY DECIMALS

3. UNLESS OTHERWISE INDICATED, ALL
RESISTORS ARE “4WATT AND THEIR VALUE
IS EXPRESSED IN OHMS

4. |:| INDICATES EQUIPMENT MARKING
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Figure 6-26. Order wire, panel 4A7/5A7, schematic diagram.

NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
SHOWN; FOR COMPLETE DESIGNATION,
PREFIX WITH UNIT NUMBER OR
SUBASSEMBLY DESIGNATION(S)

2. UNLESS OTHERWISE INDICATED, THE VALUE

OF ALL CAPACITORS IS EXPRESSED IN
MICROMICROFARADS WHEN REPRESENTED
BY WHOLE NUMBERS, AND IN MICROFARADS
WHEN REPRESENTED BY DECIMALS

3. UNLESS OTHERWISE INDICATED, ALL

RESISTORS ARE “4WATT AND THEIR VALUE
IS EXPRESSED IN OHMS

4. |:| INDICATES EQUIPMENT MARKING
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NOTES:

TM 11-5805-367-35/1
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PREFIX WITH UNIT NUMBER OR
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NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
SHOWN; FOR COMPLETE DESIGNATION,
PREFIX WITH UNIT NUMBER OR
SUBASSEMBLY DESIGNATION(S)

2. UNLESS OTHERWISE INDICATED, THE VALUE
OF ALL CAPACITORS IS EXPRESSED IN
MICROMICROFARADS WHEN REPRESENTED
BY WHOLE NUMBERS, AND IN MICROFARADS
WHEN REPRESENTED BY DECIMALS

3. UNLESS OTHERWISE INDICATED, ALL
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4, I:I INDICATES EQUIPMENT MARKING

TM 5805-367-35/1-42



TR 1T-5008-057.88/Y

PART OF HIGHEST REFERENGE
a DESIGNATIONS USE
RADIO StaNAL |, mac| c28|crISlQI9 | L2
TRAFFIC ALARM Ja [Foi| ki | 71 ]
CONTROL -2y REFERENCE DEEIGNATIONS
AMPLIFIER NOT "'sl 2 T
BUFFER —4.3v (—PHASE SHIFTER~ 3 R1_|RIO
- 1
o BUFFER —$ ParT OF
XTAL FILTER 00! 1n cs +4$Y + BUFFER H
DAIVE M 22 2n2837a —a.sv 3
oV |
t4s n21
10 as 2 ki | 240K
2N2907A crs  ri7 AMPLIFIER 52665 TRAFFIC METER ISF (D))
" IN277 100 _ o .
U [y oéo}'n x"" = lour Ri9
12 0.
oo IN2TT 20v ¥si00
4 +] c2s
nie crs th
~iav 1 1 riov 1K imsu ks ariidd
cis ” DRIVER
_Lglgl 22UF +a.5v +4.5v -a.5v
- L}
I 35
‘a6
+lov |5 +i0v BUFFER 2N290T7A
cia il cis o Ll cR2
o.01 2oy’ Ty N2T7 33un IN277 \ 7| 24 CHANNEL TIMING -1
. L 3 RIS
all 8o 2x
+4.5v (23 +4.5v 2N2s07A S1O CR7 R23
+] ciz 0.0t IN27T7 24K +4.5V
cle 4TUF § & ' — XTAL FILTER METER
.01 P4 r22 n ci as 4.3V [sFer]
b cre €.8UF 2N2907A DRIVER|
IN277 +[ &v o7 38 R
-4V (e e 1Y 2N2907A 2N29074A 24 CHANNEL TIMING -2
c23 +4.5v us
ca2z AN $900 R20
0-01 iT ev R18 c9 2K
+ov Ri4 3300 0.01
—————AMPLIFIERS ———— DRIVE K
—4.5v 4.5V by +4alsv +4.5v
—a.sv -a5v n " o PULSE AMPLIFIERS ———
+a.sv b 20| DELAYED TRAFFIC ALARM
r2e r28 Werr 3o
RR4 510 c'o’l 8100 1
] " °% 4 o072 R36
12/24 CHANNEL 001 012 = cRre A= 1eX
TIMING-t | 1C 2N2%0 IN9t4 ) cRIO 45 ]
R25 R30 car
3K = 1K INDI4 \L47UF
R27 J CRS +Izov
v 680 Y in9i4 v
+iov +4.sV
Jz 6| DECISION TIMING
12724 CHANNEL | | AMPLIFIER BUFFER L. c20 crie 33
TIMING-2 + 4.5V —a.5v -4.5v 0.0t IN277 30K
A3 < 7 TIMING METER
cat
. Fsi0 é“. pCRIZ e & oyt R 3E(F)]
1 2N2907A ';'13 ’"'?7" T ey E Y

arr
2N2907A L .
1 <
CRI& J3 Ll
Fx“’ IN277 c25
6.8UF R42 alsy

St 2% .
Zips

')

<
I+
>
jo
<

-4 5V
b, 5331 ampLiFiER nas

CRIT
INZ77

e Saur
Qie +] 6V
2N2907A I

COUNT DOWN TIMING

COUNT DOWN TIMING
METER ISF(E) I
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NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
SHOWN; FOR COMPLETE DESIGNATION,
PREFIX WITH UNIT NUMBER OR
SUBASSEMBLY DESIGNATION(S)

2. UNLESS OTHERWISE INDICATED, THE VALUE
OF ALL CAPACITORS IS EXPRESSED IN
PICOFARADS WHEN REPRESENTED BY
WHOLE NUMBERS, AND IN MICROFARADS
WHEN REPRESENTED BY DECIMALS. ALL
CAPACITORS ARE 100V.

3. UNLESS OTHERWISE INDICATED, ALL
RESISTORS ARE 1/4 WATT AND THEIR VALUE
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NOTES:

1. PARTIAL REFERENCE DESIGNATIONS ARE
SHOWN; FOR COMPLETE DESIGNATION,
PREFIX WITH UNIT NUMBER OR
SUBASSEMBLY DESIGNATION(S)

2. UNLESS OTHERWISE INDICATED, THE VALUE
OF ALL CAPACITORS IS EXPRESSED IN
MICROMICROFARADS WHEN REPRESENTED
BY WHOLE NUMBERS, AND IN MICROFARADS
WHEN REPRESENTED BY DECIMALS

3. UNLESS OTHERWISE INDICATED, ALL
RESISTORS ARE “4WATT AND THEIR VALUE
IS EXPRESSED IN OHMS

4. |:| INDICATES EQUIPMENT MARKING
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Figure 6-35. Multiplexer TD-202/U, unit wiring diagram (part 1of 2).

NOTES:
I WIRE CONNECTION CODE
@———STATION/LOCATION NUMBER

$3 ————REFERENCE
DESIGNATION

5518} 12

\ TERMINAL NUMBER
WIRE TYPE/COLOR CODE
{SEE NOTE 21
DESTINATION
STATION/LOCATION, NUMBER

BASELINE/HARNESS

2. WIRE TYPE/COLOR CODE
COOE TYPE/COLOR
[ RG-188A/U COAXIAL

2 3-CONDUCTOR TWISTEO
(WHT/GRN/BLK/SHLO}

3 24 AWG YELLOW

4 24 AWG WHITE

s 20 ANG PURPLE

6 20 4WG RED

7 22 MG BLACK

8 €0 AWG BLACK

9 RG-196A/U COAXIAL

i 2-CONDUCTOR TWISTED
{WHT/BLK/SHLO)

" 2 WG GREY

[ 22 AWG PURPLE

[ 22 iwG REO

" 22 AWG WHITE

[ 22 AWG YELLOW

® 18 MG BARE WIRE

” 22 ANG BARE WIRE

18 YEL/GRN TWISTED PAIR 24 AWG

9 ORN/BRN TWISTED PAIR 24 AWG

) RG 180B/U COAXIAL

2 24 MG PURPLE

22 24 AWG RED

2 24 AWG BLACK

2 20 AWG GREY

28 20 AHG WHITE

s SLEEVE

3 Q DENOTES COAKIAL CABLE

4. /"y DENOTES SHIELOED CABLE

(CODE 24, NOTE 2) 1

5. DENOTES TWISTED PAIR
]ft,, *3 TURNS PER INCH

Tus808-367 -30/1~48 (D

TM5805-367-35/1-48D
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Figure 6-35. Multiplexer TD-202/U, unit wiring diagram (part 2 of 2).
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Figure 6-36. Power supply, panel 4A1/5A1, wiring diagram.

BOTTOM VIEW OF CHASSIS

BASELINE/HARNESS
2. WIRE TYPE/COLOR CODE
CODE TYPE/COLOR
I RG-188A7Y COAXIAL
2 3-CONDUCTOR TWISTED
{WHT/GRN/BLK/SHLD)
3 24 ANG YELLOW
4 24 AWG WHITE
3 20 AWG PURPLE
6 20 AWG RED
T 22 MG BLACK
8 20 AWG BLACK
9 RG-196A/U COAXIAL
10 2-CONDUCTOR TWISTED
{WHT/BLK/SHLD}
n 22 AWG GRAY
2 22 4WG PURPLE
L] 22 AWG RED
" 2 WG WHITE
L] 22 ANG YELLOW
) 18 ANG BARE WIRE
” 22 NG BARE WIRE
8 YEL/GRN TWISTED PAIR 24 AWG
9 ORN/BRN TWISTED PAIR 24 AWG
2 RG 1808/ COAXIAL
a 24 AWG PURPLE
2 24 AWG RED
a 24 AWG BLACK
24 20 AWG GREY
25 20 AWG WHITE
$ SLEEVE

3 DENOTES TWISTED PAIR ( CODE 24, NOTE 2 )
1174 174 TURNS PER INCH
p

4. TERMINAL OESTINATION IDENTIFIED AS EIS-Al, EI6-A),
ETC. ARE EIS OF PANEL 4AI/3A1-Al, EI6 OF PANEL
AAI/5A1- AL, ETC.

TM5805-367-35/1-49
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Figure 6-39.

Multiplexer TD-203/U, unit wiring diagram (sheet 2 of 2).
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Figure 6-40. Panel 5A2, waveforms (part 1 of 2)
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CONDITIONS FOR OBTAINING WAVEFORMS

NOTES 1, 2, AND 3 GIVEN BELOW ARE APPLICABLE TO ALL WAVEFORMS ON THIS

ILLUSTRATION, NOTE-REFERENCES GIVEN WITH WAVEFORMS PERTAIN TO

CONDITIONS LISTED BELOW WHICH ARE REQUIRED TO OBTAIN THAT

WAVEFORM.

1. INTERCONNECT TWO TD-352/U’'s WITH THE TEST TD-202/U AS FOLLOWS

USING CG-1040B/U CABLE ASSEMBLIES.

MASTER TD-352/U JACKS TO

PCM OUT

TIMING OUT

PCM IN

TIMING IN

SLAVE TD-352/U JACKS TO

PCM OUT

PCM IN

TIMING IN

MASTER TD-352/U JACK TO

SYNC IN

TD-202/U JACKS

TEST OUT TO

TD-202/U JACKS
PCM IN-1

TIM IN (NOTE 2)
PCM OUT-1

TIM OUT-1

TD-202/U JACKS

PCM IN-2
PCM OUT-2
TIM OUT-2

SLAVE TD-352/U JACK

SYNC OUT XMTR

FROM RADIO RCVR

2. UNLESS OTHERWISE NOTED, SYNCHRONIZE AN/USM-140A WITH THE TD-202/U
BY CONNECTING AN/USM-140A INPUT JACK TO TD-202/U TIM IN JACK. USEAT
CONNECTOR AT TD-202/U TIM IN JACK.

3. UNLESS OTHERWISE NOTED SWITCHES ARE OPERATED AS FOLLOWS:

MASTER AND SLAVE TD-352/U

SWITCH SETTING
MASTER SLAVE

AC POWER ON ON

2 WIRE 4 WIRE 4 WIRE 4 WIRE

AUX ouT ouT

ADDRESS MASTER SLAVE

TD-202/U

AC POWER ON

OPR-TEST TEST

TRAFFIC SEL 241

4. DISCONNECT PCM IN-1 CONNECTOR. RECONNECT AFTER OBSERVING
WAVEFORM.
5. DISCONNECT PCM IN-2 CONNECTOR. RECONNECT AFTER OBSERVING

WAVEFORM.

TM5805-367-35/1-59@

Figure 6-40. Panel 5A2, waveforms (part 2 of 2).
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Figure 6-41. Panel, 5A3, waveforms (part 1 of 2).
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CONDITIONS FOR OBTAINING WAVEFORMS
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2. UNLESS OTHERWISE NOTED, SYNCHRONIZE AN/USM-140A WITH THE TD-202/U

NOTES 1, 2, AND 3 GIVEN BELOW ARE APPLICABLE TO ALL WAVE FORMS ON THIS

BY CONNECTING AN/USM-140A INPUT JACK TO TD-202/U TIM IN JACK. USEAT

ILLUSTRATION, NOTE-REFERENCES GIVEN WITH WAVEFORMS PERTAIN TO

CONNECTOR AT TD-202/U TIM IN JACK.

CONDITIONS LISTED BELOW WHICH ARE REQUIRED TO OBTAIN THAT

WAVEFORM.

3. UNLESS OTHERWISE NOTED SWITCHES ARE OPERATED AS FOLLOWS:

1. INTERCONNECT TWO TD-352/U’'s WITH THE TEST TD-202/U AS FOLLOWS

USING CG-1040B/U CABLE ASSEMBLIES.

MASTER TD-352/U JACKS TO

PCM OUT
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AC POWER
PCM IN-1

2 WIRE 4 WIRE
TIM IN (NOTE 2)

AUX
PCM OUT-1

ADDRESS
TIM OUT-1
TD-202/U JACKS AC POWER

OPR-TEST
PCM IN-2

TRAFFIC SEL
PCM OUT-2
TIM OUT-2

OBSERVING WAVEFORM.

SLAVE TD-352/U JACK

SYNC OUT XMTR

FROM RADIO RCVR

Figure 6-41. Panel 5A3, waveforms (part 2 of 2).
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ON ON
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ouT ouT
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241
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Figure 6-42. Panel 5A4, waveforms (part 1 of 2.)
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CONDITIONS FOR OBTAINING WAVEFORMS
1. INTERCONNECT THE TEST TD-352/U WITH THE TEST TD-202/U AS FOLLOWS

USING CG-1040B/U CABLE ASSEMBLES.

MASTER TD-352/U JACKS TO TD-202/U JACKS
PCM OUT PCM IN-1
TIMING OUT TIM IN (NOTE2)
PCM IN PCM OUT-1
TIMING IN TIM OUT-1

TD-202/U JACKS
TEST OUT TO FROM RADIO RCVR

2. UNLESS OTHERWISE NOTED, SYNCHRONIZE AN/USM-140 WITH THE TD-
202/U

BY CONNECTING AN/USM-140A INPUT JACK TO TD-202/U TIM IN JACK. USEAT

CONNECTOR AT TD-202/U TIM IN JACK.

Figure 6-42. Panel 5A, waveforms (part 2 of 2).
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3. UNLESS OTHERWISE NOTED SWITCHES ARE OPERATED AS FOLLOWS:
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Figure 6-43. Panel 5A5, waveforms (part 1 of 2).
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CONDITIONS FOR OBTAINING WAVEFORM PRESENTATIONS

A. GENERAL.

THE FOLLOWING CONDITIONS ARE APPLICABLE TO ALL WAVEFORMS SHOWN ON

THIS ILLUSTRATION. CHECK ALSO ANY REFERENCES GIVEN WITH THE

WAVEFORM. THESE REFERENCES PERTAIN TO SPECIAL CONDITIONS LISTED

BELOW AND WHICH ARE ALSO REQUIRED TO OBTAIN THE WAVEFORM SHOW.

1. TWO TD-352/U MULTIPLEXERS CONNECTED FOR MASTER-SLAVE OPERATION

AND INTERCONNECTED WITH TD-202/U AS FOLLOWS USING CG-1040B/U

CABLES.

FROM MASTER TD-352/U

PCM OUT

TIMING OUT

FROM SLAVE TD-352/U

PCM OUT

FROM MASTER TD-352/U

SYNC OUT XMTR
FROM TD-202/U
PCM OUT-1
TIM OUT-1
FROM TD-202/U
PCM OUT-2
TIM OUT-2
FROM TD-202/U

TEST OUT

TO TD-202/U
PCM IN-1
TIM IN (NOTE 2)
TO TD-202/U
PCM IN-2

TO SLAVE TD-352/U

SYNC IN

TO MASTER TD-352/U

PCM IN

TIMING IN

TO SLAVE TD-352/U

PCM IN
TIMING IN
TO TD-202/U

FROM RADIO RCVR

Figure 6-43. Panel 5A5, waveforms (part 2 of 2).
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VERT = 2 V/CM
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2. UNLESS OTHERWISE NOTED, OSCILLOSCOPE SYNCHRONIZED FROM TIM IN

SIGNAL INPUT TO TD-202/U. USE OF T CONNECTION ON TIM IN CONNECTOR

PROVIDES ACCESS TO THIS 576-KC SIGNAL.

3. UNLESS OTHERWISE NOTED, SWITCHES OPERATED AS FOLLOWS:

AC POWER
2 WIRE 4 WIRE
AUX

ADDRESS

AC POWER
OPR-TEST
TRAFFIC SEL

B. SPECIAL.

TD-352/U

TD-202/U

4. OPERATE TRAFFIC SEL SWITCH TO 12.

MASTER SLAVE
ON ON

4 WIRE 4 WIRE
ouT ouT
MASTER SLAVE

ON

TEST

241

5. WAVEFORM AT TERMINAL 27 SHOULD LAG WAVEFORM AT TERMINAL 31 BY 0.4

USEC.
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Figure 6-44. Panel 4A6/5A6, waveforms (part 1 of 2).
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CONDITIONS FOR OBTAINING WAVEFORM PRESENTATIONS

A. GENERAL.
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2. UNLESS OTHERWISE NOTED, OSCILLOSCOPE SYNCHRONIZED FROM TIM IN

SIGNAL INPUT TO TD-202/U. USE OF T CONNECTION ON TIM IN CONNECTOR

THE FOLLOWING CONDITIONS ARE APPLICABLE TO ALL WAVEFORMS SHOWN ON

PROVIDES ACCESS TO THIS 576-KC SIGNAL.

THIS ILLUSTRATION. CHECK ALSO ANY REFERENCES GIVEN WITH THE

3. UNLESS OTHERWISE NOTED, SWITCHES OPERATED AS FOLLOWS:

WAVEFORM. THESE REFERENCES PERTAIN TO SPECIAL CONDITIONS LISTED

BELOW AND WHICH ARE ALSO REQUIRED TO OBTAIN THE WAVEFORM SHOW.

1. TWO TD-352/U MULTIPLEXERS CONNECTED FOR MASTER-SLAVE OPERATION

AND INTERCONNECTED WITH TD-202/U AS FOLLOWS USING CG-1040B/U

CABLES.

FROM MASTER TD-352/U

PCM OUT

TIMING OUT

FROM SLAVE TD-352/U

PCM OUT

FROM MASTER TD-352/U

SYNC OUT XMTR
FROM TD-202/U
PCM OUT-1
TIM OUT-1
FROM TD-202/U
PCM OUT-2
TIM OUT-2
FROM TD-202/U

TEST OUT

AC POWER
2 WIRE 4 WIRE
AUX
TO TD-202/U
ADDRESS
PCM IN-1
TIM IN (NOTE 2)
AC POWER
TO TD-202/U
OPR-TEST
PCM IN-2
TRAFFIC SEL
TO SLAVE TD-352/U
B. SPECIAL.

SYNC IN

TD-352/U
MASTER SLAVE
ON ON
4 WIRE 4 WIRE
ouT ouT
MASTER SLAVE
TD-202/U

ON

TEST

241

4. SYNCHRONIZE OSCILLOSCOPE FROM SCOPE SYNC OUTPUT OF MASTER TD-

TO MASTER TD-352/U

352/U.
PCM IN

TIMING IN

NOTE

MEDIUM TRAFFIC WAVEFORMS ARE GIVEN FOR THIS PANEL

TO SLAVE TD-352/U

BECAUSE ALL OF THE CIRCUITS ARE USED IN MEDIUM TRAFFIC

PCM IN

OPERATION, WHEREAS IN HIGH TRAFFIC OPERATION NOT ALL

TIMING IN

CIRCUITS ARE USED.

TO TD-202/U

IF THE PANEL CHECKS GOOD IN MEDIUM

TRAFFIC OPERATION, IT SHOULD OPERATE CORRECTLY IN

FROM RADIO RCVR
HIGH TRAFFIC

Figure 6-44. Panel 4A6/5A6, waveforms (part 2 of 2).
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CONDITIONS FOR OBTAINING WAVEFORMS

NOTES 1, THROUGH 3 GIVEN BELOW ARE APPLICABLE TO ALL WAVE FORMS ON

THIS ILLUSTRATION, NOTE-REFERENCES GIVEN WITH WAVEFORMS PERTAIN TO

CONDITIONS LISTED BELOW WHICH ARE REQUIRED TO OBTAIN THAT

WAVEFORM.

1. INTERCONNECT TWO TD-353/U’'s WITH THE TEST TD-203/U AS FOLLOWS

USING CG-1040B/U CABLE ASSEMBLIES.

MASTER TD-353/U JACKS TO

PCM OUT

TIMING OUT

PCM IN

TIMING IN

SLAVE TD-353/U JACKS TO

PCM OUT

PCM IN

TIMING IN

MASTER TD-353/U JACK TO

SYNC IN

TD-203/U JACKS

TEST OUT TO

TD-203/U JACKS
PCM IN-1

TIM IN (NOTE 2)
PCM OUT-1

TIM OUT-1

TD-203/U JACKS

PCM IN-2
PCM OUT-2
TIM OUT-2

SLAVE TD-353/U JACK

SYNC OUT XMTR

FROM RADIO RCVR

50 USEC/CM

2. UNLESS OTHERWISE NOTED, SYNCHRONIZE AN/USM-140A WITH THE TD-203/U
BY CONNECTING AN/USM-140A INPUT JACK TO TD-203/U TIM IN JACK. USEAT
CONNECTOR AT TD-203/U TIM IN JACK.

3. UNLESS OTHERWISE NOTED SWITCHES ARE OPERATED AS FOLLOWS:

MASTER AND SLAVE TD-353/U

SWITCH SETTING
MASTER SLAVE

AC POWER ON ON

2 WIRE 4 WIRE 4 WIRE 4 WIRE

AUX ouT ouT

ADDRESS MASTER SLAVE

TD-203/U

AC POWER ON

OPR-TEST TEST

TRAFFIC SEL 96l

4. SYNCHRONIZE OSCILLOSCOPE FROM SCOPE SYNC OUTPUT OF MASTER

TD-353/U.

TM5805-367-35/1-C1-23

Figure 6-44.1. Panel 4A11, waveforms.
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CONDITIONS FOR OBTAINING WAVEFORM PRESENTATIONS

1. TWO TD-352/U MULTIPLEXERS CONNECTED FOR MASTER-SLAVE OPERATION

AND INTERCONNECTED WITH TD-202/U AS FOLLOWS USING CG-1040B/U

CABLES.

FROM MASTER TD-352/U

PCM OUT

TIMING OUT

FROM SLAVE TD-352/U

PCM OUT

FROM MASTER TD-352/U

SYNC OUT XMTR
FROM TD-202/U
PCM OUT-1
TIM OUT-1
FROM TD-202/U
PCM OUT-2
TIM OUT-2
FROM TD-202/U

TEST OUT

TO TD-202/U

PCM IN-1

TIM IN (NOTE 2)
TO TD-202/U

PCM IN-2

TO SLAVE TD-352/U

SYNC IN

TO MASTER TD-352/U

PCM IN

TIMING IN

TO SLAVE TD-352/U

PCM IN
TIMING IN
TO TD-202/U

FROM RADIO RCVR

HOR= | USEC/CM

TM 11-5805-367-35/1
QI

i
LA s mas o

VERT= 0.5 V/CM HOR = | USEC/CM

o ls

2. UNLESS OTHERWISE NOTED, OSCILLOSCOPE SYNCHRONIZED FROM TIM IN

SIGNAL INPUT TO TD-202/U. USE OF T CONNECTION ON TIM IN CONNECTOR

PROVIDES ACCESS TO THIS 576-KC SIGNAL.

3. UNLESS OTHERWISE NOTED, SWITCHES OPERATED AS FOLLOWS:

AC POWER
2 WIRE 4 WIRE
AUX

ADDRESS

AC POWER
OPR-TEST
TRAFFIC SEL

B. SPECIAL.

TD-352/U

TD-202/U

NOTE

MASTER SLAVE
ON ON

4 WIRE 4 WIRE
ouT ouT
MASTER SLAVE

ON

TEST

241

MEDIUM TRAFFIC WAVEFORMS ARE GIVEN FOR THIS
PANEL. BECAUSE ALL OF THE CIRCUITS ARE USED IN
MEDIUM TRAFFIC OPERATION, WHEREAS IN HIGH TRAFFIC
OPERATION NOT ALL CIRCUITS ARE USED. IF THE PANEL
CHECKS GOOD IN MEDIUM TRAFFIC OPERATION, IT
SHOULD OPERATE CORRECTLY IN HIGH TRAFFIC.

Figure 6-45. Panel 4A7/5A7, waveforms.
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Figure 6-46. Panel 4A8/5A8, waveforms (part 1 of 3).



swii

1444 LAAAS

25 e

HHH

VERT =2 V/CM HOR = 0.5 USEC/CM

eQil
26
-
i
VERT = | V/CM HOR= 0.5 USEC/CM
bai2
3 ¥
3 |
27 B

VERT = 2 V/CM HOR = 0.5 USEC/CM

2QI2, eQi3

25 proflyn -

VERT= | V/CM HOR= 0.5 USEC/CM

<QI3, vQ4

N
©
+
¥
9
3
I
4

VERT = 2 WVCM  HOR = 0.5 USEC/CM

Q4

30 FYTY FYPY FYPTY N

HipH:
-

VERT = 2 V/CM HOR = 0.5 USEC/CM

«Q15, bQi6

\aaas

36 HH+ A

. n g

I S

VERT= 2 V/CM HOR = 50 USEC/CM
SPEC. COND. 4,5

eQi6

32 )

T
a0 “Adas nanas
J

VERT= 2 V/CM HOR = 50 USEC/CM
SPEC.COND. 4, 5

bQi7
R T T T Y L s » e+
VERT= | V/CM HOR = 50 USEC/CM
SPEC. COND. 4, 5
eQI7

34

Pttt

P

VERT = 0.5 V/CM  HOR = 20 USEC/CM
SPEC. COND. 4, §

cQ!7, baQis

1

VERT = 0.5 V/CM  HOR = 20 USEC/CM

Qi
3 Hq:._
3 i
36 feels e 3 .
3 |
VERT = 2 V/CM HOR = 50 USEC/CM
SPEC. COND. 5
bc2l
37 py

38

39

40

H-{HH

VERT = | V/CM HOR= 0.2 USEC/CM
SPEC. COND. 4,6, 8

bQ22, cQ2!

3
E

VERT = 2 V/CM HOR=0.2 USEC/CM
SPEC. COND. 4,7, 8

bo24

Sbledbebbs

N Frvy
b -

VERT = 0.5 V/CM HOR = |00 USEC/CM
SPEC. COND. 4,5

cQ24

PPPTI fry

VERT =2 V/CM HOR = 100 USEC/CM
SPEC. COND. 4,5

Figure 6-46. Panel 4A8/5A8, waveforms (part 2 of 3).
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VERT = 1 V/CM
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VERT = 1 V/CM  HOR = 100 USEC/CM
SPEC. COND. 4,5
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035
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VERT = |V/CM  HOR = 250 USEC/CM
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CONDITIONS FOR OBTAINING WAVEFORM PRESENTATIONS

A. GENERAL.

THE FOLLOWING CONDITIONS ARE APPLICABLE TO ALL WAVEFORMS SHOWN ON

THIS ILLUSTRATION. CHECK ALSO ANY REFERENCES GIVEN WITH THE

WAVEFORM. THESE REFERENCES PERTAIN TO SPECIAL CONDITIONS LISTED

BELOW AND WHICH ARE ALSO REQUIRED TO OBTAIN THE WAVEFORM SHOWN.

1. TWO TD-352/U MULTIPLEXERS CONNECTED FOR MASTER-SLAVE OPERATION

AND INTERCONNECTED WITH TD-202/U AS FOLLOWS USING CG-1040B/U

CABLES.

FROM MASTER TD-352/U

PCM OUT

TIMING OUT

FROM SLAVE TD-352/U

PCM OUT

FROM MASTER TD-352/U

SYNC OUT XMTR
FROM TD-202/U
PCM OUT-1
TIM OUT-1
FROM TD-202/U
PCM OUT-2
TIM OUT-2
FROM TD-202/U

TEST OUT

TO TD-202/U

PCM IN-1

TIM IN (NOTE 2)
TO TD-202/U

PCM IN-2

TO SLAVE TD-352/U

SYNC IN

TO MASTER TD-352/U

PCM IN

TIMING IN

TO SLAVE TD-352/U

PCM IN
TIMING IN
TO TD-202/U

FROM RADIO RCVR

2. UNLESS OTHERWISE NOTED, OSCILLOSCOPE SYNCHRONIZED FROM TIM IN

SIGNAL INPUT TO TD-202/U. USE OF T CONNECTION ON TIM IN CONNECTOR

PROVIDES ACCESS TO THIS 576-KC SIGNAL.

Figure 6-46. Panel 4A8/5A8, waveforms (part 3 of 3).
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VERT=0.5V/CM  HOR = O.| USEC/CM
SPEC. COND. 6
¢Q35, bQ36
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58 HTHHH
3
TS
3
VERT =1 V/CM HOR = 0.1 USEC/CM

SPEC. COND. 6

59 M

vl PP
it

VERT =2 V/CM

HOR = 0.1 USEC/CM

SPEC. COND. &
CATHODE CRi6 i
60 [ttt HHTHHTHS " HHHH
VERT = 2 V/CM HOR = 50 USEC/CM

3. UNLESS OTHERWISE NOTED, SWITCHES OPERATED AS FOLLOWS:

AC POWER
2 WIRE 4 WIRE
AUX

ADDRESS

AC POWER
OPR-TEST
TRAFFIC SEL

B. SPECIAL.

TD-352/U

TD-202/U

4. OPERATE TRAFFIC SEL SWITCH TO 24S.

MASTER SLAVE
ON ON

4 WIRE 4 WIRE
ouT ouT
MASTER SLAVE

ON

TEST

241

5. SYNCHRONIZE OSCILLOSCOPE FROM SCOPE SYNC OUTPUT OF MASTER TD-

352/U

6. OPERATE OSCILLOSCOPE ON NEGATIVE INTERNAL SYNCHRONIZATION.

7. OPERATE OSCILLOSCOPE ON POSITIVE INTERNAL SYNCHRONIZATION.

8. OPERATE MASTER TD-352/U ADDRESS SWITCH TO SLAVE (PROVIDES OUT-OF-
FRAME CONDITION AS REQUIRED TO GENERATE SKIP PULSE IN TD-202/U).

NOTE

MEDIUM TRAFFIC WAVEFORMS ARE GIVEN FOR THIS PANEL
BECAUSE ALL OF THE CIRCUITS ARE USED IN MEDIUM TRAFFIC
OPERATION, WHEREAS IN HIGH TRAFFIC OPERATION NOT ALL

CIRCUITS ARE USED.

IF THE PANEL CHECKS GOOD IN MEDIUM

TRAFFIC OPERATION, IT SHOULD OPERATE CORRECTLY IN

HIGH TRAFFIC.

TM5805-367-35/1-65®@



J2,¢6Q5,Z7. PIN4,ZI5. PIN 8

H+ “I' HH -.--’ ”IEE" Hih ) RRAAS

VERT=2.0V/CM HOR=0.2USEC/CM

J3,Z1,PINI10,Z2 PIN10,Z3PINIO
Z5. PIN1O,Z8BI PINT7, ZILLPIN 4

|

VERT=2.0V/CM HOR=].OUSEC/CM
SPEC.COND. 9AND I0

J4,J5,J6,Z1.PINS 8,9,Z2.PINS 2,8,
Z3.PINS2,3,8, Z6.PINS 3,4, Z8PINS
ZIO:PINS 4,8,9 Z12.PINS4,5,9,Z14PIN5
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T PR FTTESERET FEYUN v TN T sleeales
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VERT=2.0V/CM HOR=1.OUSEC/CM
SPEC. COND. 4
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4+ IIII eyl 144 T+ Y repu FU (WY FUwS e ¥l
HHHHHHHHHHHH U.vrv....y.'.
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1 E 1

VERT=2.0V¥/CM HOR=0.2USEC/CM
SPEC.COND. 4
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VERT=2.0V/CM HOR=0.2USEC/CM
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VERT=2.0V/CM HOR=0.2USEC/CM
SPEC. CON 8
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0 / ]
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VERT=1.0V/CM HOR=0.2USEC/CM

cQ3, bQ4,

T

15 HH '7: HH -H-Nit :l HHHH

Ui iv
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Figure 6-47. Panel 4A2, waveforms (pat 1 of 2).
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C 1, TM 11-5805-367-35/1

ZIPINIO ZISIPIN3

37

.Eg( l"‘l'| ‘]l‘l!n 46

WL LY

VERT=2.0V/CM HOR=0.2USEC/CM
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SPEC.COND. 7 SPEC. COND. 8
(NOTE WAVEFORM 37 MAY BE
SAME AS WAVEFORM 5)
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38 A eaass + n 47
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SPEC. COND. 4
bQ8 28 PIN 10, ZI5. PIN 3
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SPEC. COND. 4
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17}
VERT = 2.0V/CM HOR=1.0USEC/CM VERT =2.0¥/CM HOR=0.2USEC/CM
SPEC. COND. 9 AND 4 SPEC.COND. 7
Z5.PIN 4, Z9 PINS 2,3 ZIS:IPINS 2,10,
41 N . IO SO F 00 DU O 50  Loohurtoiders bbb b 1 N
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Z6.PIN 7, Z10. PINS 2,10, 212 PIN, 2,10
ZISIPINT7 214 PINS 2,10

> HfF
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45 [ror
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CONDITIONS FOR OBTAINING WAVEFORMS

NOTES 1, THROUGH 3 GIVEN BELOW ARE APPLICABLE TO ALL WAVE FORMS ON

THIS ILLUSTRATION, NOTE-REFERENCES GIVEN WITH WAVEFORMS PERTAIN TO

CONDITIONS LISTED BELOW WHICH ARE REQUIRED TO OBTAIN THAT

WAVEFORM.

1. INTERCONNECT TWO TD-353/U’'s WITH THE TEST TD-203/U AS FOLLOWS

USING CG-1040B/U CABLE ASSEMBLIES.

MASTER TD-353/U JACKS TO

PCM OUT

TIMING OUT

PCM IN

TIMING IN

SLAVE TD-353/U JACKS TO

PCM OUT

PCM IN

TIMING IN

TIMING OUT
MASTER TD-353/U JACK TO

SYNC IN

TD-203/U JACKS

TEST OUT TO

TD-203/U JACKS
PCM IN-1

TIM IN (NOTE 2)
PCM OUT-1

TIM OUT-1

TD-203/U JACKS

PCM IN-2
PCM OUT-2
TIM OUT-2

TIM IN-2
SLAVE TD-353/U JACK

SYNC OUT XMTR

FROM RADIO RCVR

2. UNLESS OTHERWISE NOTED, SYNCHRONIZE AN/USM-140A WITH THE TD-203/U

BY CONNECTING AN/USM-140A INPUT JACK TO TD-203/U TIM IN-1 JACK. USE A

T CONNECTOR AT TD-203/U TIM IN-1 JACK.

3. UNLESS OTHERWISE NOTED SWITCHES ARE OPERATED AS FOLLOWS:

MASTER AND SLAVE TD-353/U

SWITCH SETTING

MASTER SLAVE

AC POWER ON ON

2 WIRE 4 WIRE 4 WIRE 4 WIRE

AUX ouT ouT

ADDRESS MASTER SLAVE
TD-203/U

AC POWER ON

OPR-TEST TEST

TRAFFIC SEL 96l

4. USE INTERNAL SYNC.

5. OPERATE OPR-TEST SWITCH TO TEST.

6. REMOVE PCM IN-1 CONNECTOR. RECONNECT AFTER OBSERVING
WAVEFORM.

7. OPERATE TRAFFIC SEL SWITCH TO 96R. OPERATE BACK TO 961 AFTER
OBSERVING WAVEFORM.

8. OPERATE TRAFFIC SEL SWITCH TO 48. OPERATE BACK TO 961 AFTER
OBSERVING WAVEFORM.

9. REMOVE PANEL 4A10. CONNECT PANEL 4A2 TERMINAL 19 TO 4.5V.

CAUTION

REMOVE TERMINAL 19 CONNECTION BEFORE
REPLACING PANEL 4A10.

10. WAVEFORM SHOULD SHOW A DELETED PULSE - IF THIS IS NOT OBSERVED
THE SCOPE SWEEP LENGTH MAY HAVE TO BE ADJUSTED.

TM5805-367-35/1-C1-17@

Figure 6-47. Panel 4A2, waveforms sheet 2 of 2).



JI,Z2:PINIO,Z5.PINIO, Z6.PIN2,
Z8.PIN ZIOIPINIO,ZIIPINIO,ZI2:PINIO
Zi3:PIN1O, ZISIPINIO,ZI7 PIN IO

HEER il
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J2,J8,J9,ZI:PINS 4,7,Z3.PINS 3,4,
24.PINS 4,7,27.PINS (4,7), (5,8),
Z9.PINS 5,8,Z11:PINS 8,9,Z12:PINS 2,8,
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L
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VERT=2.0V/CM HOR=I.OUSEC/CM
SPEC. COND, 4
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Z9:PIN3,ZI4:PIN3 Z16.PINS 3,(5,8)

e
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J5,ZLPINI1O,Z2.PIN9D, Z4:PINIO, Z5:PIN 9,
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VERT=2.0V/CM HOR=0.5USEC/CM
SPEC.COND. 4

J6, Z2.PIN8, Z5:PINB,Z8.PINB
ZI10:PIN8 ZI5.PINS, ZI7 PINB

VERT =2.0V/CM HOR=1.OUSEC/CM
SPEC.COND.4

J7,cQl2

VERT=2.0V/CM HOR=0.5USEC/CM
SPEC. COND. 4

CONDITIONS FOR OBTAINING WAVEFORMS
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H
]

bQ7, cQlt

VERT=2.0V/CM HOR=0.2USEC/CM

VERT=2.0V/CM HOR=0.2USEC/CM

NOTES 1, THROUGH 3 GIVEN BELOW ARE APPLICABLE TO ALL WAVE FORMS ON

THIS ILLUSTRATION, NOTE-REFERENCES GIVEN WITH WAVEFORMS PERTAIN TO

CONDITIONS LISTED BELOW WHICH ARE REQUIRED TO OBTAIN THAT

WAVEFORM.

1. INTERCONNECT TWO TD-353/U’'s WITH THE TEST TD-203/U AS FOLLOWS

USING CG-1040B/U CABLE ASSEMBLIES.

MASTER TD-353/U JACKS TO TD-203/U JACKS
PCM OUT PCM IN-1

TIMING OUT TIM IN (NOTE 2)
PCM IN PCM OUT-1
TIMING IN TIM OUT-1
SLAVE TD-353/U JACKS TO TD-203/U JACKS
PCM OUT PCM IN-2

PCM IN PCM OUT-2
TIMING IN TIM OUT-2
TIMING OUT TIM IN-2
MASTER TD-353/U JACK TO SLAVE TD-353/U JACK
SYNC IN SYNC OUT XMTR

TEST OUT TO

C 1, TM 11-5805-367-35/1

b Q9

VERT=0.5V/CM HOR=0.2USEC/CM

eQ9, eQt0

VERT=0.5V/CM HOR=0.2USEC/CM

cQl0, bQIl Z6.PIN 3

3 y
17 W 1\‘\ h ebep e'r‘hl sas
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__j +

VERT=0.5V/CM HOR=0.2USEC/CM

bQIz

i

VERT =1.OV/CM HOR=0.5USEC/CM
SPEC.COND. 4

ZUPIN2, Z2:PIN2, Z4:PIN 2, Z5'PIN 2
Z7iPIN2,Z8:PIN2,Z9:PIN2, ZIO:PIN2 .
Z14 PIN2,ZI5PIN2,ZI6.PIN2,ZI7.PIN2

VERT=2.0V/CM HOR=0.5USEC/CM
SPEC.COND. 4

Z3.PIN2, ZILLPIN2

e

20 b

VERT=2.0V/CM HOR=1.0USEC/CM
SPEC. COND. 4

Z1:PINS 5,8,Z4.PINS 5,8, Z9.PINS 4,7,
Zi1 PIN 3,Z12 PINS-3,9,Z13,PINS 3,9,
ZI14.PINS 4,7, ZI6. PINS 4,7

_—

21 pe e asdes
f 3
3

i 3

VERT=2.0V/CM HOR=0.2USEC/CM
SPEC. COND. 4

TD-203/U JACKS

FROM RADIO RCVR

2. UNLESS OTHERWISE NOTED, SYNCHRONIZE AN/USM-140A WITH THE TD-203/U

BY CONNECTING AN/USM-140A INPUT JACK TO TD-203/U TIM IN-JACK. USE A

T CONNECTOR AT TD-203/U TIM IN-JACK.
3. UNLESS OTHERWISE NOTED SWITCHES ARE OPERATED AS FOLLOWS:

MASTER AND SLAVE TD-353/U

SWITCH SETTING
MASTER SLAVE

AC POWER ON ON

2 WIRE 4 WIRE 4 WIRE 4 WIRE

AUX ouT ouT

ADDRESS MASTER SLAVE

TD-203/U

AC POWER ON

OPR-TEST TEST

TRAFFIC SEL 961

4. USE INTERNAL SYNC.

TM5805-367-35/1-C1-18

Figure 6-47.1. Panel 4A10 waveforms.
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Figure 6-48. Panel 4A3, waveforms (part 1 of 2).
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CONDITIONS FOR OBTAINING WAVEFORMS

NOTES 1, AND 3 GIVEN BELOW ARE APPLICABLE TO ALL WAVE FORMS ON

THIS ILLUSTRATION, NOTE-REFERENCES GIVEN WITH WAVEFORMS PERTAIN TO

CONDITIONS LISTED BELOW WHICH ARE REQUIRED TO OBTAIN THAT

WAVEFORM.

1. INTERCONNECT TWO TD-353/U’s WITH THE TEST TD-203/U AS FOLLOWS

USING CG-1040B/U CABLE ASSEMBLIES.

MASTER TD-353/U JACKS TO

PCM OUT

TIMING OUT

PCM IN

TIMING IN

SLAVE TD-353/U JACKS TO

PCM OUT

PCM IN

TIMING IN

MASTER TD-353/U JACK TO

SYNC IN

TD-203/U JACKS

TEST OUT TO

TD-203/U JACKS
PCM IN-1

TIM IN (NOTE 2)
PCM OUT-1

TIM OUT-1

TD-203/U JACKS

PCM IN-2
PCM OUT-2

TIM OUT-2

SLAVE TD-353/U JACK

SYNC OUT XMTR

FROM RADIO RCVR
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o LA LT AL AL A

a

VERT = 2 V/CM

W, O

T

HOR=0.2 USEC/CM

2. UNLESS OTHERWISE NOTED, SYNCHRONIZE AN/USM-140A WITH THE TD-203/U
BY CONNECTING AN/USM-140A INPUT JACK TO TD-203/U TIM IN JACK. USE A
T CONNECTOR AT TD-203/U TIM IN JACK.

3. UNLESS OTHERWISE NOTED SWITCHES ARE OPERATED AS FOLLOWS:

MASTER AND SLAVE TD-353/U

SWITCH SETTING
MASTER SLAVE

AC POWER ON ON

2 WIRE 4 WIRE 4 WIRE 4 WIRE

AUX ouT ouT

ADDRESS MASTER SLAVE

TD-203/U

AC POWER ON

OPR-TEST TEST

TRAFFIC SEL 96l

OPERATE TRAFFIC SEL SWITCH TO 48. OPERATE BACK TO 961 AFTER
OBSERVING WAVEFORM

TM5805-367-35/1-67@

Figure 6-48. Panel 4A3 waveforms (part 2 of 2)..
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Figure 6-49. Panel 4A4, waveforms (part 1 of 2).
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CONDITIONS FOR OBTAINING WAVEFORMS

1. INTERCONNECT TWO TD-353/U’s WITH THE TEST TD-203/U AS FOLLOWS

USING CG-1040B/U CABLE ASSEMBLIES.

MASTER TD-353/U JACKS TO

PCM OUT

TIMING OUT

PCM IN

TIMING IN

SLAVE TD-353/U JACKS TO

PCM OUT

PCM IN

TIMING IN

MASTER TD-353/U JACK TO

SYNC IN

TD-203/U JACKS

TEST OUT TO

TD-203/U JACKS
PCM IN-1

TIM IN (NOTE 2)
PCM OUT-1

TIM OUT-1

TD-203/U JACKS

PCM IN-2
PCM OUT-2

TIM OUT-2
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2. UNLESS OTHERWISE NOTED, SYNCHRONIZE AN/USM-140A WITH THE TD-203/U

T CONNECTOR AT TD-203/U TIM IN JACK.

BY CONNECTING AN/USM-140A INPUT JACK TO TD-203/U TIM IN JACK. USE A

3. UNLESS OTHERWISE NOTED SWITCHES ARE OPERATED AS FOLLOWS:

SWITCH

AC POWER

2 WIRE 4 WIRE
AUX

ADDRESS

AC POWER
OPR-TEST

TRAFFIC SEL

SLAVE TD-353/U JACK

SYNC OUT XMTR

FROM RADIO RCVR

Figure 6-49. Panel 4A4 waveforms (part 2 of 2)..

MASTER AND SLAVE TD-353/U

SETTING
ON
4 WIRE
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MASTER
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48
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Figure 6-50. Panel 4A5, waveforms (part 1 of 2).
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CONDITIONS FOR OBTAINING WAVEFORM PRESENTATIONS
A. GENERAL.

THE FOLLOWING CONDITIONS ARE APPLICABLE TO ALL WAVEFORMS SHOWN ON

HOR=0.2 USEC/CM
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2. UNLESS OTHERWISE NOTED, OSCILLOSCOPE SYNCHRONIZED FROM TIM IN
SIGNAL INPUT TO TD-203/U. USE OF T CONNECTION ON TIM IN CONNECTOR

PROVIDES ACCESS TO THIS 2304-KC SIGNAL.

THIS ILLUSTRATION. CHECK ALSO ANY REFERENCES GIVEN WITH THE

3. UNLESS OTHERWISE NOTED, SWITCHES OPERATED AS FOLLOWS:

WAVEFORM. THESE REFERENCES PERTAIN TO SPECIAL CONDITIONS LISTED

BELOW AND WHICH ARE ALSO REQUIRED TO OBTAIN THE WAVEFORM SHOWN.

1. TWO TD-353/U MULTIPLEXERS CONNECTED FOR MASTER-SLAVE OPERATION

AND INTERCONNECTED WITH TD-203/U AS FOLLOWS USING CG-1040B/U

CABLES.

FROM MASTER TD-353/U

PCM OUT

TIMING OUT

FROM SLAVE TD-353/U

PCM OUT

FROM MASTER TD-353/U

SYNC OUT XMTR

FROM TD-203/U
PCM OUT-1
TIM OUT-1

FROM TD-203/U
PCM OUT-2
TIM OUT-2

FROM TD-203/U

TEST OUT

TD-353/U
MASTER SLAVE
AC POWER ON ON
2 WIRE 4 WIRE 4 WIRE 4 WIRE
AUX ouT ouT
TO TD-203/U
ADDRESS MASTER SLAVE
PCM IN-1
TD-203/U
TIM IN (NOTE 2)
AC POWER ON
TO TD-203/U
OPR-TEST TEST
PCM IN-2
TRAFFIC SEL 96l
TO SLAVE TD-353/U
B. SPECIAL.

SYNC IN
4. OPERATE TRAFFIC SEL SWITCH TO 48.
TO MASTER TD-353/U

5. WAVEFORM AT J4 SHOULD LAG WAVEFORM AT TERMINAL 31 BY 1
PCM IN USEC.
TIMING IN

TO SLAVE TD-353/U

PCM IN
TIMING IN
TO TD-203/U

FROM RADIO RCVR
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Figure 6-50. Panel 4A5, waveforms (part 2 of 2).
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Figure 6-51. Panel 4A9, waveforms (part 1 of 2).
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CONDITIONS FOR OBTAINING WAVEFORM PRESENTATIONS 2. UNLESS OTHERWISE NOTED, OSCILLOSCOPE SYNCHRONIZED FROM TIM IN
A. GENERAL. SIGNAL INPUT TO TD-203/U. USE OF T CONNECTION ON TIM IN CONNECTOR
THE FOLLOWING CONDITIONS ARE APPLICABLE TO ALL WAVEFORMS SHOWN ON PROVIDES ACCESS TO THIS 2304-KC SIGNAL.
THIS ILLUSTRATION. CHECK ALSO ANY REFERENCES GIVEN WITH THE
3. UNLESS OTHERWISE NOTED, SWITCHES OPERATED AS FOLLOWS:
WAVEFORM. THESE REFERENCES PERTAIN TO SPECIAL CONDITIONS LISTED
TD-353/U
BELOW AND WHICH ARE ALSO REQUIRED TO OBTAIN THE WAVEFORM SHOWN.
MASTER SLAVE
1. TWO TD-353/U MULTIPLEXERS CONNECTED FOR MASTER-SLAVE OPERATION
AC POWER ON ON
AND INTERCONNECTED WITH TD-203/U AS FOLLOWS USING CG-1040B/U
2 WIRE 4 WIRE 4 WIRE 4 WIRE
CABLES.
AUX ouT ouT
FROM MASTER TD-353/U TO TD-203/U
ADDRESS MASTER SLAVE
PCM OUT PCM IN-1
TD-202/U
TIMING OUT TIM IN (NOTE 2)
AC POWER ON
FROM SLAVE TD-353/U TO TD-203/U
OPR-TEST TEST
PCM OUT PCM IN-2
TRAFFIC SEL 961
FROM MASTER TD-353/U TO SLAVE TD-353/U
B. SPECIAL.
SYNC OUT XMTR SYNC IN
4. OPERATE TRAFFIC SEL SWITCH TO 96S.
FROM TD-203/U TO MASTER TD-353/U
5. OPERATE OSCILLOSCOPE ON NEGATIVE INTERNAL SYNCHRONIZATION
PCM OUT-1 PCM IN
6. OPERATE MASTER TD-353/U ADDRESS SWITCH TO SLAVE (PROVIDES OUT-OF-
TIM OUT-1 TIMING IN FRAME CONDITION AS REQUIRED TO GENERATE SKIP PULSE IN TD-203/U).
FROM TD-203/U TO SLAVE TD-353/U
PCM OUT-2 PCM IN
TIM OUT-2 TIMING IN
FROM TD-203/U TO TD-203/U
TEST OUT FROM RADIO RCVR

TM5805-367-35/1-70@

Figure 6-51. Panel 4A9, waveforms (part 2 of 2).
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APPENDIX
REFERENCES

DA PAM 310-1
DA PAM 738-750
AR 310-25

AR 310-50

AR 750-5

SB 11-573
SB 38-100

TA 11-17
TA 11-100 (11-17)

TB SIG 222
TB 43-0118

™ 11-664

™ 11-672

T™ 11-690

TM 11-4000

T™ 11-6625-358-15

TM 11-5540
TM 11-5805-367-12

TM 11-5965-206-15P

T™ 11-6625-200-15

™ 11-6625-320-12

T™ 11-6625-366-15

Following is a list of applicable references available to direct and general support and depot maintenance
repairmen of Multiplexers TD-202/U and TD-203/U.

Consolidated Index of Army Publications and Blank Forms.

The Army Maintenance Management System (TAMMS).

Dictionary of United States Army Terms.

Catalog of Abbreviating and Brevity Codes (Microfiche).
Organization, Policies, and Responsibilities for Maintenance
Operations.

Painting and Preservation of Supplies Available for Field Use for
Electronics Command Equipment.

Preservation, Packaging, and Packing Materials, Supplies, and
Equipment used by the Army.

Signal Field Maintenance Shops.

Allowances of Signal Corps Expandable Supplies for Signal Field
Maintenance Shops.

Solder and Soldering.

Field Instructions for Painting and Preserving Electronics Command
Equipment, Including Camouflage Pattern Painting of Electrical
Equipment Shelters.

Theory and Use of Electronic Test Equipment.

Pulse Techniques.

Basic Theory and Application of Transistors.

Troubleshooting and Repair of Radio Equipment.

Operator, Organizational, DS, GS, and Depot Maintenance Manual:
Signal Generators SG-71/FCC, SG-71A/FCC, and SG-71B/FCC, and
SG-71C/FCC.

Electric Light Assembly MX-1292/PAQ.

Operator and Organizational Maintenance Manual: Multiplexers TD-
202/U, TD-203/U, TD-204/U, TD-352/U, and TD-353/U, Restorer,
Pulse Form TD-206/G, and Converter, Telephone Signal CV-1548/G.
Operator, Organizational, Field and Depot Maintenance Repair Parts
and Special Tool Lists: Headset-Microphone H-91/U, H-91A/U;
Handset-Headset H-144/U, H-144A/U, H-144B/U, H-144C/U, and
Headset-Microphone H-210/G.

Operator, Organizational, DS, GS, and Depot Maintenance Manual:
Multimeters ME-26A/U, ME-26B/U, ME-26C/U, and ME-26D/U.
Operator and Organizational Maintenance Manual: Voltmeter, Meter,
ME-30A/U and Voltmeters, Electronic ME-30B/U, ME-30C/U, and ME-
30E/U.

Organizational, DS, GS, and Depot Maintenance Manual: Multi meters
TS-352B/U.

Change 3 A-1



T™ 11-6625-366-25P

T™ 11-6625-535-15

T™ 11-6625-539-15

TM 740-90-1
TM 750-244-2

C 1, TM 11-5805-367-35/1

Organizational, DS, GS, and Depot Maintenance Repair Parts,
Multimeter TS-352B/U.

Operator, Organizational, DS, GS, and Depot Maintenance Manual:
Oscilloscope AN/USM-140A.

Operator, Organizational, Field and Depot Maintenance Manual:
Transistor Test Set TS-1836/U.

Administrative Storage Equipment.

Procedures for Destruction of Electronics Materiel to Prevent Enemy
Use (Electronics Command ).
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By Order of the Secretary of the Army:

HAROLD K. JOHNSON,
General United States Army,
Official: Chief of Staff.
KENNETH G. WICKHAM,
Major General United States Army,
The Adjutant General.

Distribution:

Active Army:
USASA (2) LOGCOMD (2) Army Dep (2) except
CNGB (1) USAMICOM (4) LBAD (14)
CC-E (7) USAESC (70) SAAD (30)
Dir of Trans (1) MDW (1) TOAD (14)
CofEngrs (1) Armies (2) ATAD (10)
TSG (1) Div (2) NAAD (5)
CofSpts (1) Corps (2) LEAD (7)
USACDCEA (1) USAC (3) SVAD (5)
USACDCCBRA (1) Svc Colleges (2) Gen Dep (2)
USACDCCEA (1) USASCS (5) Sig Sec, Gen Dep (5)
USACDCCEA (Ft Huachuca) (1) USAAMS (2) Sig Dep (12)
USACDCCOA (1) USASESCS (5) SigFLDNS (2)
USACDCQMA (1) USAADS (2) AMS (1)
USACDCTA (1) USAARMS (2) USAERDAA (2)
USACDCADA (1) USAIS (2) USAERDAW (13)
USACDCARMA (1) USAES (2) USACRREL (2)
USACDCAVNA (1) USATC (2) Units organized under following
USACDCARTYA (1) WRAMC (1) TOE’s (2 each):

USACDCSWA (1) Army Pic Cen (2) 11-57 11-158
USAARENBD (2) USACDCEC (10) 11-97 11-500
USAAESWBD (5) Instl (2) except 11-98 (AA-AC)
USAMC (5) Ft Carson (21) 11-117 11-587
USCONARC (5) Ft Gordon (10) 11-127 11-592
ARADCOM (5) Ft Huachuca (10) 11-155 1597
ARADCOM Rgn (2) Ft Knox (12) 11-157

OS Maj Comd (4)

WSMR (5)

NG: State AG (3).
USAR: None.

For explanation of abbreviations used, see AR 320-50.
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THE METRIC SYSTEM AND EQUIVALENTS

"NEAR MEASURE
. Centimeter = 10 Millimeters = 0.01 Meters = 0.3937 Inches

1 Meter = 100 Centimeters = 1000 Millimeters = 39.37 Inches

1 Kilometer = 1000 Meters = 0.621 Miles

VEIGHTS
Gram = 0.001 Kilograms = 1000 Milligrams = 0.035 Ounces

~— 1 Kilogram = 1000 Grams = 2.2 lb.

1 Metric Ton = 1000 Kilograms = 1 Megagram = 1.1 Short
Tons

LIQUID MEASURE

1 Miililiter = 0.001 Liters = 0.0338 Fluid Ounces

1 Liter = 1000 Milliliters = 33.82 Fluid Ounces

SQUARE MEASURE

1 Sq. Centimeter = 100 Sq. Millimeters = 0.155 Sq. Inches
1 Sq. Meter = 10,000 Sq. Centimeters = 10.76 Sq. Feet
1 Sq. Kilometer = 1,000,000 Sq. Meters = 0.386 Sq. Miles

CUBIC MEASURE

1 Cu. Centimeter = 1000 Cu. Millimeters = 0.06 Cu. Inches
1 Cu. Meter = 1,000,000 Cu. Centimeters = 35.31 Cu. Feet

TEMPERATURE
5/9(°F - 32) = °C
212° Fahrenheit is evuivalent to 100° Celsius
90° Fahrenheit is equivalent to 32.2° Celsius
32° Fahrenheit is equivalent to 0° Celsius
9/5C° + 32 =°F

APPROXIMATE CONVERSION FACTORS - ©
TO CHANGE TO MULTIPLY BY - _1:_
Inches........................... Centimeters ................... 2.540
Feet ...l Meters.............oooiiilll. 0.305 <
Yards........oooviiiiiiniinnn, Meters......................... 0914 ~=
Miles.........oooiiiiiiiiial., Kilometers..................... 1.609
Square Inches ................... Square Centimeters............ 6.451 . i
SquareFeet ..................... SguareMeters................. 0093 - @
Square Yards.................... Square Meters................. 0.836
Square Miles .................... Square Kilometers............. 2.590 ~
Acres........... ... ..l Square Hectometers ........... 0.405 -
CubicFeet....................... Cubic Meters .................. 0.028
CubicYards ..................... Cubic Meters .................. 0.765 -
FluidOQunces .................... Milliliters...................... 29.573 -
MS o Liters.............ooociiaa.. 0.473
arts. ...l Liters........cocooviiinna.... 0.946 o -
—-allons...........oll Liters.......cooooiiiiiiinaan.. 3.785 -
Ounces ...........coevviniin.... Grams................oaoLL, 28.349
Pounds......................... Kilograms ..................... 0.454 o
SNOTt IONS........iiien ... MetricTons.................... 0.907
Pound-Feet...................... Newton-Meters ................ 1.356
Pounds per Square Inch ......... Kilopascals .................... 6.895 ©
Miles per Gallon................. Kilometers per Liter ........... 0.425 -
MilesperHour .................. Kilometers per Hour........... 1.609 i
~
TO CHANGE 70 MULTIPLY BY
Centimeters..................... Inches ......................... 0.394
Meters............cooiiiii.. Y 3.280 © j’
Meters..............ooiiii Ll Yards .......coooiviiiiiiian..., 1.094 -
Kilometers ...................... Miles ..ol 0.621 _i
Square Centimeters ............. Square Inches ................. 0.155 " ~
Square Meters................... Square Feet.................... 10.764 i
Square Meters................... Square Yards .................. 1.196
Square Kilometers............... Square Miles................... 0.386 -
Square Hectometers............. ACTES ..ot 2.471
CubicMeters.................... CubicFeet..................... 35.315
CubicMeters.................... Cubic Yards.................... 1.308 P
Milliliters ....................... FluidOunces .................. 0.034
Liters...............ooiiiilllL, Pints........................... 2.113 -
P17 - Quarts............ooeiill, 1.057 “w N —
B £ T Gallons ........................ 0.264 ]
B 11T Ounces ..........covivvnnnn.. 0.035 v %
LOETAMS - .ooevvnennnanene.. Pounds oo.iiiiiiiiiniinn... 2.205 s __= z
~Metric TonS. ......ooeenennnnnn Short Tons..................... 1.102 E } z
Newton-Meters.................. Pounds-Feet................... 0.738 v}
Kilopascals...................... Pounds per Square Inch ....... 0.145 Vo B _
“ometers per Liter............. Mxles per Gallon ............... 2.354
»meters per Hour............. Milesper Hour................. 0.621
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