INSTRUCTION MANUAL
FOR

RADIO SET TAR-224

15 September 1971

Manufactured
by

AVCO CORPORATION
ELECTRONICS DIVISION
2630 GLENDALE-MILFORD ROAD
CINCINNATI, OHIO 45241

80045 PRC 31/570




80045 PRC 31/570
ERRATANOC. 1

ERRATA SHEET

NOTE
Make the following pen and ink changes in Instructior Manual for Radio Set
TAR-224 dated 1 July 1970. Retain the information contained on this
Errata Sheet by inserting it into the manual. When all indicated changes have

been entered in the manual, a note on the front cover “ERRATA, SHEET
NO. 1 INFORMATION HAS BEEN POSTED.”

Page ii, opposite paragraph 5.3: Change “(1A2)” to *(1A53).”

Page 1-1, paragraph 1.2, subparagraph a: Opposite Power requirement, delete “5.4 amperes’ and substitute
5.9 amperes.”

Page 1.3, next to Jast line: Delete “not less than 20 db between™ and substitute “not less than 17.5 db
between.” ' .

Page 3-3, paragraph 3.4.1: In the second line change “14185" {0 “1A183.”

Page 3-3, paragraph 3.4.2: In the seventh line of the first subparagraph change “1A3A2R4" to
“LABAZR5.”

Page 34, upper left (Local oscillator 1A3A4): Change “C51" to “C15.”
Page 3-13, second line from top: Change “S1” to “14452” and “R28” to “R18.”

Page 3-13, subparagraph e: In first sentence delete ‘““The cutput of the ALC - - -- " and substitute “The RF
output of the ALC ~---."

Page 3-13, subparagraph e: Add “1A4A7Q8" to the end of the second sentence, making it read “----and
the input to the class A amplifier stage TIA4ATQS8.”

Page 3-13, paragraph 3.6.2: In heading, delete “(Part of 144)” and substitute “(Part of 1A4A8).”

Page 3-13, paragraph 3.5.2, third line of first subparagraph: Delete “R1 and L1” and substitute “circuit
assembly 340716.”

Page 3.13, paragraph 3.6.2, fifth line of first subparagraph: Delete “C7, C8, L2, L3, B2 and R11” and
substitute “circuit assemblies 340999.”

Page 3-13, paragraph 3.6.2, second subparagraph: Delete fourth and fifth sentences *Degenerative feedback
- «--and C2. Degenerative feedback - - - - and C3.” Substitute “Degenerative feedback from the collector to
base of Q3 and Q4 is.achieved by networks 340094-1 and 340094.2.”

Page 3-13, paragraph 3.6.2, second subparagraph: Add at the end “Resistor R10 provides wideband loading
of T3.”
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Page 4-9, subparagraph 4.4.1.2 a: Add to test equipment list {after VTVM):
“Dummy Load Bird Model 43”7

Page 4.9, subparagraph 4.4,1.2 b: Add at end of step {1) and prior to “Note", the following: “This is 2
coarse adjustment of forwazd-power loop-gain, Final adjustment is performed in the Radio Set as outlined
in subparagraph 4.4.1.2{."

Page 4.9, subparagraph 4.4.1.2 b: In the note change “point B* to “pin 5.7

Page 4-9, subparagraph 4.4.12 c: Delete title “Reflected Power Detector Adjustinem‘.” and substitute
“Keflected Power Detector Null Adjustment.”

Page 4.9, subparagraph 4.4.1.2 d: Delete title “Forward Power Détector Adjustrnent” and substitute
“Forward Power Detector Null Adjustment.”

Page 4-12: Add new subparagraph at end of page:
“i. Forward Power Loop Gain Adjustment.
This adjustment can be made only with the RF Sampler Module installed in the Radic Set and a
6.0 MHz crystal installed in the Front Panel. Tune the transmitter of the TAR.224, as described
in paragraph 2,5.3, to a frequency of 12 MHz. Use a 50-chm dummy load as an antenna. With the
transmitter keyed, adjust potentiometer 1A4A2R19 for 20 watts output from the transmitter.”
Page 5-1, paragraph 5.3: In paragraph heading, deleted “1A2" from end of heading and substitute “(1A5)",
Page 5-14, subparagraph 5.8 c: Delete in its entirity step “(1) Line up the mark on the gear - - - - *” and
substitute **(1) Place wheel in band one pesition, making sure whee} is detented. Using a marking pen or
other non-conductive marking instrument, place a mark on gear tooth and, in line with that mark, place a
mark on the edge of the board (figure 5-10)".

Page 5-18, subparagraph 511 a: Add a new step between present steps (8) and (7) as foliows: “(7) Remove
the three tuner boards.”

Page 5-18, subparagraph 5.11 a: Renumber présent steps (7) and (8), respectively, to (8} and (3).

Page 5.-18, subparagraph 511 a: Add a new step after the newly numbered step (8) as follows: “{(10)
Unsolder the ground straps from the tuner parent board.”

Page 5-18, subparsgraph 5.11 a: Renumber present steps {9}, (10), {11) and (12), respectively, to (11),
{12), (13) and {14).

Page 5.19, subparagraph 5.11 b: Add a new step between the present steps (9) and {10} as follows: “(10)
Resolder the ground strap to the tuner parent board,”

Page 5-19, subparagraph 5.11 b: Renumber present steps (10}, (11), (12), (13), and {14), respectively, to
(11}, (12}, (13}, (14), and (15}.

Page 5-19, subparagraph 5.11 L: Add a new step after the newly numbered step (15) as follows: “(18)
Replace the three tuner boards and tuner caver.”

Page 5-19, subparagraph 5.11 b: Renumber present step (15) to step {17).

Errata 2 Change& 15 September 1971




Page 5-19, subparagraph 5.11 b: Add new step (18) after the newly numbered step (17) as follows: “(18)
Check and align bushings on the front panel with tuning capacitor shafis on receiver so. that excessive side
pressure is not placed on shafts. Tighten bushings and replace receiver on front panel.”

Page 5-19, subparagraph 5.11 b: Renumber present step (18) 1o step (19).

Page 5.20, subparagraph 5.12 a: Between present steps (4) and (5) add a new step as follows: “(5)
Disconnect RF connector 1A1A446.”

Page 5-20, subparagraph 5.12 a: Renumber present steps (5) and (6), respectively, to steps (6) and (7).

Page 5-20, subparagraph 5.12 b: Add new step between present steps (4) and (5) as follows: *“{5) Replace
RF connector 1A1A4J6.”

Page 5-20, subparagraph 5.12 b: Renumber present steps (5}, {6}, (7), and (8), respectively, to steps (6),
(7), (8),and (8).

Page 5-20, subparagraph 5.13 a, step (5): In first sentence delete last word “line” and substitute “lines”,
Page §-22, change call cut on right side from “Motor Relay 1A4K2" to “Tune Relay 1A4K3".

Page 5-26, subparagraph §.13 b: Change step (3) to read: “{3} Connect the key lines, the receiver coax, the
coax to 1A4J6, and the forward and reflected ALC coaxes.”

Page 5-26, subparagraph 5.16 a: Change step (4) to read: “(4) Unsoclder the d-¢ input wire and the ALC
injection coax leads.”

Page 5-28, subparagraph 5.16 b: Change step {(3) to read: “(3) Resolder the RF inputi and output wires and
. the ALC injection coax.”

Page 5-29, subparagraph 5.17 b, step (2} (b): Deltet the second sentence “The screw that is connected to
the rotor tab is a nylon screw and has a solder lug under it.”
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CHAPTER 1

DESCRIPTION AND LEADING PARTICULARS

1.1 Description of Radio Set TAR-224

Radio Set TAR-224 (figure 1-1) is a miniature, all solid-state iransmitter-receiver capable of operating in the
2 MHz to 24 MHz frequency range. The TAR-224 consists of a transmitter (RT-224), receiver (RR-224),
and a battery (TYPE-224) all housed in one case. The radic is designed to accommodate exter..al frequency
sources such s a crystal selector (CS-224), a frequency synthesizer, or an external crystal (CR-18/U).
Provisions are also made-for operating from an external power source.

The RT-224 transmitter is in the right hand portion of the front panel, with the crystal selector above and
the RR-224 receiver to the left. The battery compartment is directly below the receiver mounted against
the side of the case. The battery and crystal selector can be removed from the case without removing the
front panel

The radio set is waterproof when all the compariment covers are in place. A dust cover is supplied o cover
the entire front panel

1.2 Charactenstics of Radio Set TAR-224

a, RT-224 Transmitter Characteristics

Type Transistorized; crystal controlled
with provision for VFO excitation;
CW, AM, or Medium Speed Key

operation.

Freguency range 2 to 24 MHz in two bands {210
12 MHz and 12 to 24 MHz)

Power output 20 watts, nominal

AM peak power output 20 watts, nominal

Power requirement 12 vde, nominal, at 5.4 amperes,
maximum

Antenna impedance 40 ohms * 45° to 250 obms
*45°

Keying Built-in hand key or external

key. Externai keying at rates
up to 300 werds per minute.

AAMl Source Dynamic microphone

Antenna type Long wire

Input sources 1. Front panel cryvsial
Type CR-18/U
Frequency 2 to 12 MHz

11




Figurd 1-1. Radio Set TAR-224
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b. RR-224 Receiver Characteristics {Cont)

Detector

Audio cutput

Calibration

Beat frequency
oscillator (BFO)
range

Size

¢.. Power Characteristics

AM:
CW/558B:

Headphones:

Internal:
Transmitter spot;

* 3 kHz minimum

7-1/4 inches by 12-1/4 inches
by 4-3/4 inches overall
including the upper protrud-
ing corners.

Diode envelope detector
Product detector

Nominal, 1 mw
into 500 ochms
Maximum, 2 mw
into 500 chms

500 xHz *0.01%
Transmitter
frequency source

Input power

d. Physical Characteristics

External; +12 vde
Receive:
Transmit:

Internal: +12 vdc batiery
Receive:
Transmit:

S0 ms
4.3 amp, nominal

50 ma, nominal
4.3 amp, nominal

Weight

TAR-224 - including CS-224
and battery TYPE-224:
13.2 pounds
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CHAPTER 2

OPERATION

i Scope
This section describes the operating procedures for TAR-224.

2.2 Operation Procedure

To place the TAR-224 in operation proceed as follows:

a. Select a suitable site. The site preferably should be in an open area with no physical obstrictions
nearby.

b. Deploy the antenna.
c. Choose z power source as detailed in this section, paragraph 2.6.

d. Perform the tuning and adjustrnent procedures zs detailed in this section, paragraphs 2.4 andfor

WARNING

High voltage exists at the antenna ferminals while transmitting. To prevent injury to
personnel or damage to equipment, do not come in contact with these terminals.

2.3 TFront Panel Control Functions

The functions of the exiernal controls, switches, plugs, and meter are given in fable 2-1 and the front panel
is shown in figure 2-1.

TABLE 2-1. TAR-224 CONTROLS AND FUNCTIONS

Control Function
POWER connector Connector for d-¢ input power from an
(1A135) extemal source. Battery can be

charged through this power connector.

BATTERY TEST switch Test switch to check the d-c power
(push to operate) source voltage level as indicated
(1A1S3) on the TUNE/VOLTS meter.
POWER mode switch Pasition: Function:
(rotary switch)
(1A132) CHG/OFF De-energizes all power to

the radio set but per-
mits the battery to be
charged from an external
source.
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TABLE 2-1I. TAR-224 CONTROLS AND FUNCTIONS (Cont)

Control Function
POWER mode switch Position Funection:
(rotary switch)

{1A182) (cont) RCVR Permits continuous opera-
tion of the receiver
only.

RCVR/XMTR Permits operation of the
transmitter with the
teceiver, The receiver
isnormally on, bui the
fransmitter is permit-
ted 10 break in.

PHONE/KEY connector Connector permits the use of an

(1A141) external keying device, microphone,

earphones or handset.
PHONE/KEY connecior Connector permits the use of an ex-
{1A132) ternal keying device, microphone,.
earphones, or a hand set,
BFO (potentiometer) Varies the frequency of the beat
{1A1R10) frequency oscillator (BFO)
+ 3.0 kHz from the center fre-
quency indicated on dial read-
out.
RCVR (rotary switch) Position: Funection:
{1A183) AM Sets the receiver for
“AM reception.

CAL Energizes the infernal
calibrator oseillator
with check frequencies
every 500 kHz.

cw Sets receiver for CW
reception.

SPOT ' Energizes the selected
fransmitter frequency
drive source as a cali-
bration signal.

LIGHTS {push to When depressed, the receiver frequency

operate switch) readout dial and the TUNE/VOLTS

(1A158) meter are lluminated.

TUNE knob Tunes the receiver over the selected

frequency band.
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TABLE 2-1. TAR-224 CONTROLS AND FUNCTIONS (Cont)

Control Function

CAL ADJ (mechanical Adjusts the frequency readout dial
controel) reference pointer to a crystal

reference,

RF - AGC In fully counterclockwise position,
{potentiometer activates the automatic gain con-
and switch) trol (AGQC); in other positions,

{1A1R5/1A187) adjusts the lavel of RF gain.

AT (potentiometer) Adjusts audio output power level to

{1A1R8) the headset.

BAND switch, receiver Movwes the frequéncy dial readout mask
mechanical rotary

contrel and switeh,

CRYSTAL (socket)
(1A1A2)

BAND switeh,
{transmitter)
(rotary switch})

TUNE/VOLTS (meter)
(1A1IM1)

opening and selécts correlated
receiver hand, :

Position Color: Band:

QOrange {(Band 1) 2.0t0 3.1 MHz
frequency band

Blue {Band 2) 3.7t0 6.9 MHz
frequency band

Yeliow {Band 3) 6.9 t0 12.9 MHz
frequency band

Green (Band 4) 12.9 to 24.0 MHz
frequency band

Provides connection for an external
crystal (Type CR-18/U or

equivalent)

Position: Function:

2.12 Permits the transmitter
doubler-amplifier to
perform as ap amplifier
in the 2 to 12 MHz band.

2-24 Permits the transmitter

doubler-amplifier to
operate as a doubler
in the 12 to 24 MHz
band.

Normally indicates the transmitter
tuning condition; when the POWER

TEST switch is depressed the meter
indicates d-c level of power source.
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TABLE 2-1. TAR-224 CONTROLS AND FUNCTIONS (Cont)

Control Function
Hand Key Permits the iransmitter to be keyed
{1A184) without the use of any external

TUNE/AUTO-PULL/
FINE-PUSH
{mechanical conirol
and switch) (1A4A882)

ANT - GRD (terminals}
{1A1J8/1A1J9)

RESET
(1A1S1)

devices.

Initiates automatic tune cycle when
pulled out.
Adjusts the fine tuning of the
tramsmitter when the knob
is pushed in.

Provides electrical connection of
the antenna to the radio set.

Overrides battery protection eireuit.
Connects internal battery as power

source.

2.4 Receiver Operation

Before energizing the receiver, connect the antenna to the terminals. Connect the antenna wire to the ANT,
terrninals and the antenna ground wire {o the GRD terminal.

a. POWER Mode Switch. If only the receiver is fo be operated, set the power switch'to the RCVR
position. If the transmitter is to be used with the receiver, place the power switch in the RCVR/XMTR
position.

b. Bandswitching. Perform the following steps when switching from one band to another,

(1) Rotate the receiver bandswitch to the band desired, It will be necessary to overshoot the
mark stightly to allow the electrical components to reach their detent position.

(2)  After electrical detent is accomplished tum the receiver bandswitch toward the band
mark until the mechanical lock takes place.

{38) Perform recsiver calibration in accordance with paragraph 2.4.1.a.
2.4.1 Readout Dial Calibration

The receiver readout may be calibrated with the aid of the internal calibraiion oscillator or with the
transmitter frequency drive source as a reference.

a. Intermnal Calibration. The following steps are to be used when calibrating the readout dial using
the internal calibration oscillator.

(1) Set the RCVR switch to the CAL position. The POWER switck to RCVR or
RCVR/EMTR.

{2) Set the RF gain potentiometer to AGC: be sure that the switch clicks into the internal
detent.
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{3) Adjust the AF gain potentiometer until background noise is heard in the handset,

{4) Set the BAND control switch to the band position that covers the desired receive
frequency.

NOTE
Internal calibration frequencies indicated in orange occur every 500 kHz.

{5} Tune the receiver in the vicinity of the calibration frequency until the zero beat is
cbtained. Do not move the receiver tuning knob affer acquiring the zerc beat.

{8) Adjust the CAL ADJ control until the triangle-shaped -center point on the vernier dial
coincides with the orange calibration indication point on the dial.

b, Transmitter Frequency Source Calibration. The following steps are to be used when calibrating
the readout dial using the fransmitter frequency drive source.

(1}  Setthe RCVR switch to the SPOT position.
{2) Setthe POWER switch to the RCVR position.
{3) Set the transmitter frequency source to the desired frequency.

{4) Set the RF gain potentiometer to AGC position; be sure the control clicks into the
internal detent.

(8)  Adjust the AF gain potentiometer until background fioise is heard in the handset.

{6) Set the receiver BAND cdntrol switch fo the band position that covers the desired
receive-frequency.

{7) Tune the receiver to approximately the iransmitter source frequency and then tune
carefully until the zero beat is obtained. Do not move the receiver TUNE control] after
acquiring the zero beat.

{8) Adjust the CAL ADJ control, if necessary, untii the triangle-shaped center point on the
vernier dial coincides with the transmitter source frequency.

2.4.2 Amplitude Modulation Reception
The following procedure should be used to receive an amplitude modulated signal.
a. Tum on the receiver as detailed in paragraph 2.4.
b. Setthe BAND select control to the band position that covers the desired receive-frequency.
c. Be sure that the frequency readout is calibrated as detailed in paragraph 2.4.1.
d. Set the RCVR switch io the AM position.
e, Setthe RF gain potentiometer to AGC.

f. Tuning for AM and SSB Reception,
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{1} AM Reception. Tune the receiver until the desired signal is obtained. Adjust the RF
and AF gain potentiometer for the desired audio output level.

{2) §5SB Reception. Tune the receiver for most intelligible signal. Place the receiver
function switch in CW position and adjust BFO for best signal. Adjust the RF and AF
gain potentiometer for the desired audic output level.

2.4.3. Continuous Wave Reception
The following procedure should be used to receive a contimious wave signal.
a. Turn on the receiver as detailed in paragraph 2.4.
b. Be sure the frequency readout is calibrated as detailed in paragraph 2.4.1.
c. Setthe RCVR swiich to the CW position.
d. Set the RF gain potentiometer to the fully clockwise position.
e. Set the BAND select control to the band position that eovers the desired receive frequency.

f. Setthe BFO control to 0.

g. Tune the receiver until the desired signal is obtained. Adjust the BFO control for the desired
pitch and the AF gain and RF gain potentiometers for the desired audic output level.

2.5 Transmitter Operation

This section describes the operating procedures for the RT-224 transmitter.
2.5.1 Antenna and Counterpoise Deployment

Successful communication with the RT-224 transmitter depends greatly on the deployment of the antenna
and counterpoise and on the selection of the correct antenna and counterpoise lengths for the particular
frequency band in use.

2.5.2 Transmitter Frequency Source Operation

Three frequency sources may be used with the RT-224 transmitter; frequency synthesizer, CS-224 switched
crystal oscillator, and front panel crystal.

2.5.2.1 Frequency Synthesizer

The frequency synthesizer provides the most flexible operating mode. This unit is plugged in the upper
right compartment of the TAR-224 Radio Set. The desired operating frequency is set by four knobs on the
synthesizer front panel. The transmitter doubles the source frequency from 12 to 24 MHz; therefore, in the
12 to 24 MHz band, the frequency scurce should be set to one-half of the desired ontput frequency.

2.5.2.2 CS-224

One of 30 crystals may be selected with the two XTAL SELECTOR switches {see figure 2-1, upper left).
The CS-224 plugs in the upper right compartment of the TAR-224. The crystal frequency allocation for a
particular switch position may be marked on a chart printed on the top side of the C5-224 and inside the
dust cover. The numbering system runs from 00 to 29. The operating frequency range of the CR-T8/U
crystals in the €8-224 is 3 MHz to 12 MHz {use CR-89/U crysials from 2 MHz to 12 MHz). As the
transmitter doubles the source frequency from 12 to 24 MHz, one-half the desired output frequency should
be selected in the 12 to 24 MHz frequency range. These crystals aze not supplied with the €S-224. )
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2.3,2,3 Front Panel Crystal

A crystal socket is provided on the TAR-224 front panel for CR-18/U crystals. Parallel resonant crystals
with 32 picofarad capacitances are selected for the 2 to 12 MHz frequency range. As the transmitter
doubles the source frequency from 12 to 24 MHz, a crystal frequency corresponding to one-hzalf the desired
output frequency should be selected in the 12 to 24 MHz frequéncy range.

2.5.3 Transmitter Tuning

The following is the procedure used in tuning the transmitter. (Refer to table 2-1 for a-description of the
controls).

a, Determine fransmitting frequency and select the proper antenna,
b. Deploy antenna.
c. Select d-c power source {internal battery or external source} as outlined in paragraph 2.8.

d. Set transmitter frequency source to proper freuuencv as outlined in paragraph 2.5.2 (one-half of
the desired output freguency from 12 to 24 MHz).

e. Turn the BAND switch *o proper position.
£. Set MODE switch to RCVR/XMTR.

g. Pull out the TUNE knob to coarsetune the transmitter. When eoarse tuning is accomplished, the
motor stops.

NQTE
If the transmitter cannot match the load, the antenna matching network will continue to
cycle. Do not push transmitter tune knob in while motor is still running. To stop motor
when it continues fo cycle turn the mode switch to RCVR.
CAUTION
Never operate transmitter without connecting antehna and counterpoise to proper
terminals,
WARNING
High volbages exist at antenna while transmitting. Personnel should not come in contact
with the radiating antenna,
h, Depress hand key, push and adjust TUNE/AUTO-PULL/FINE-PUSH control for peak reading on
- TUNE/VOLTS meter, This adjustment tunes the transmitter power amplifier.
2.5.4 Transmitter Keying

The transmitter may be keyed one of three ways: front panel key, ext.emal ‘hand key, or medmm speed
keyer. The transmission may be monitored by using the handset and listening to the sidetone.




2.5.4.1 Front Panel Key

The front panel key has two adjustments: key knob trave!l and tension. Travel may be adjusted by rotating
the screw on the end of the hand key, Clockwise rotation reduces travel. Tension in the key is adjustable by
rotating the screw in the middle of the key. Clockwise rotation increases the spring tension. A lock also is
provided. The screw with the large knurled nut will lock the key for continuous transmission.

92.5.4.2 External Key

An external hand key may be used and plugged into one of the PHONE/KEY jacks, or the wire lead of the
external key may be terminated with spring sleeve key connectors which are then connected to the hand
key located on the TAR-224 front panel. The transmitter is keyed by grounding the Key line. The line to
the external hand key should be shielded to prevent excessive RF pick-up. The shield may be used as the
key line ground return. This key is not supplied with the set.

2.5,4.3 Medium Speed Keyer

The transmitter is initially tuned to the desired frequency using the hand key (as described in paragraph
2.5.3). The keyer is connected to the transmitter through PHONE/KEY jack 1A1J1 or PHONE/KEY jack
1A1J2 using an interconnecting cable and plug. A prerecorded cariridge is connected to the keyer:
Holding the toggle switch in the IDY position transmits a series of pulses for identification purposes.
Holding this switch in the OPR position transmits the recorded message. The transmissién may be
monitored by listening o the sidetone output in the headset.

2.5.5 Amplitude Modulation Operation

For amplitude modulation operation of the transmitter, 2 microphone or a handset is connected to the
transmitter through PHONE/KEY jack 1A1Jd1 or PHONE/KEY jack 1A1J2 on the front panel. The
transmitter is then tuned as outlined in paragraph 2.5.3. To amplitude modulate the transmitter, the key on
the mike or the handset is depressed. If the microphone: is of the noise cancelling type, the operator must
speak with the mike close to his lps.

2.8 Power Sources-

The TAR-224 may be powered by either an internal battery or an external +12-volt high current source
{such as a battery power supply or handerank generator).

2.6.1 Internal Battery (TYPE-224)

The internsal battery is located under a waterproof cover in the lower leff hand corier of the radio set (see
figure 2-1). The battery voltage may be monitored by pushing the TEST POWER switch on the receiver
front panel and reading the terminal voltage on the TUNE/VOLTS meter; The meter reading must be out of
the red area. If the battery voltage drops below 10 volts, the battery is automatically disconnected from the
set, Depress the RESET button to reconnect. Holding the RESET button down will keep a low battery in
the system.

CAUTION

Allowing the battery to completely discharge can damage the battery.

2.6.1.1 Internal Battery Charging

To charge the internal battery use a current limited supply, adjustable from O (approximately} to 5.0
amperses. Initially, with the power off, adjust current control for low cutput current and connect supply to
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pin C of power input connector 1A1J5 {see figures 2.1 and 3-3). Tum power supply on and adjust current
control on supply to allow charging at the rate indicated on the battery.
CAUTION
To prevent severe damage to the internal battery, DO NOT charge a DISCHARGED
battery {terminal voltage 10 volts or less under load) for more than 14 hours. If the
battery is only partially discherged, charge for a proportionate period of time.
2.8.2 External Source

When an external source is connected to the external POWER receptacle on the front panel, it will energize
relay 1A1A3K2 taking the internal battery out of the circuit.

The external source should be capable of supplying 10.8 to 13.2 volts at 5.9 amperes.

CAUTION

When using an external source, the input leads should be as short as possible and well
shielded to prevent the high RF felds from the transmitter from upsetting the
performance of the external source.
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CHAPTER 3

RADIO SET TAR-224 CIRCUIT DESCRIPTION

3.1 Scope

This chapter discusses the circuitry in the TAR-224. The circuitry is broken down into three major groups:
the receiver, the transmitter, and the power sources. Each group is broken down further with the discussion
of its various eircuits.

3.2 TAR-224 Radio Receiver-Transmitter Cireuit Description

For purposes of discussion the receiver and transmitter are described first in functional block diagram form
followed by a detailed description of each individual circuit. The power sources are described in detail.

a. Recejver I_LR-224
{1y Figure 3-1 Block Diagram
(2) Figure 3-2 Schematic Diagram
{3) TFigure 3-3 Schematic Diagram Front Panel Radio Set TAR-224
(4) Figure 3-4 Wiring Diagram
b. Transmitter RT.224
(1}  Figure 3-3 Block Diagram
(2) Figure 3-8 Schematic Diagram
{3} Figure 3-3 Schematic Diagram Front Panel Radio Set TAR-224
{4) Figure 3-7 Wiring Diagram

3.3 RR-224 Receiver Functional Block Diagram Description

As shown in figure 3-1, the antenna matching network consists of a bandswitched, single-tuned circuit to
match a 50-ohm source to the RF amplifier input. The RF amplifier provides gain stability and high output
impedance. The output is fed to the mixer. The mixer heterodynes the RF amplifier output with the
output of the capacitor-tuned common-base local oscillator. The RF output of the mixer is coupled directly
to a narrow-band ceramic ladder filter. The center frequency of the IF filter is 455 kHz with a -6db
bandwidth of 6§ kHz I 0.6 kHz. The output signal of the IF filter is fed fc the IF amplifier where it is
amplified to a detectable level. In the AM mode, the IF output signal is applied to a conventional diode
envelope detector which has two outputs. One output ¢ontrols the AM-AGC amplifier and the other
conirols the andio amplifier. In the CW mode, the IF cutput of the IF amplifier is fed to a product detector
where it is mixed with the BFO output and then fed to the audio ampilifier and the CW-AGC armpiifier. The
BFO is adjustable over % 3 kHz for the signal conversion in the product detector in CW mode. A front
panel switeh applies either the AGC amplifier output or the RF gain control output to the AGC bias to
adjust the gain of the RF amplifier and the first and second stages of the IF amplifier. The audio amplifier
is capable of a minimum one milwatt output across a 500-ohm load.
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3.4 RR-224 Receiver Individual Circuit Description

The following circuit descriptions are supported by figures 3-2, the RR-224 schematic diagram, 8-3,
TAR-224 front panel, and 3-4, RR-224 wiring diagram.

3.4.1 Antenna Matching Network Detailed Description {(1A3A2)

The RF signal input from the antenna change-over relay 1A4K4 is coupled to one pole of the RCVR mode
switch 1A1S5. In the AM or CW positions the RF input signal is fed to the RF amplifier IA3A3Q1. In the
CAL or SPOT positions, the calibration signal is fed to the RF amplifier 1ASA3Q1 input. The antenna
matching network circuitry is on one cireuit cerd in the tuner section of the receiver. Tunable transformers
for each of four bands are tapped fo provide the required impedance transformation between the antenna
and the RF amplifier. These transformers are operated at as high a @ as is practical consistent with good
receiver sensifivity. This is to achieve the required image rejeciion. Section 1A3C1-A of the
precision-ganged variable capacitor tunes the antenna matching transformers. It varies from approximately
8 to 86 picofarads, and has a straight line frequency versus capacitor rotation characteristic. Capacitors C2,
CB, C9, and C13 are trimmers that adjust the minimum capacity across each of the tuned transiormers.

3.4.2 RF Amplifier Detailed Description (1A3A3)

The first stage of the RF amplifier is physically located on the antenna matching network circuit board.
The RF signal from the antenna tuned circuit is coupled to the RF amplifier through capacitor voltage
dividers. The RF amplifier consists of 1A342Q1 and LA3A3QY coupled as a cascade amplifier, with
143A2Q2 providing AGC action. 1A3A2Q1 is a common emitter stage coupled directly to the emitfer of
1A3A3Q1 common base stage, through the diode CR1: This amplifier provides good stability and 2 high
cutput impedance at the collector of 1A3A3Q1. The gain of the amplifier is partially controlled by varying
the impedance in the emitter of 1A3A2Q1 with transistor 1A3A2Q2. Resistor 1A3A2R4 provides a fixed
amount of emitter degeneration. For maximum gain, 1A3A2Q2 is saturated, resulting in 2 low impedance
from the emitier of 1A3A2Q1 to ground. As 1A3A2Q2 is brought toward cutoff, its collector impedance
increases, causing increased emitier degeneration in transistor 1A3AZQ1. The maximum emitter impedance
of 1A3A2Q1 is controlled by the series combination of TA3A2R5 and 1A3A2L1. These values provide the
required degeneration, while maintaining a necessary minimum current flow through 1A3A2Q1. Additional
gain controt is obtained by the combination of CR1, C1, and R2 in series with 1A3A2Q1 and 1A3A3Q1.
For maximum gain, CR1 is forward biased, resulting in a low impedance between the two stages. Reducing
the current through 1A3A2Q1 with the AGC transistor 1A3A2Q2, and lowering the base bias on
1A3A3Q1, results in CR1 being back-biased. The impedance between 1A43A2Q1 and 1A3A3RQ1 increases to
2 value determined by R2 resulting in addifional signal attenuation. Both modes of gain control are
controlled by the AGC input.

Since the ouiput impedance of 1ASA3Q1 is high, it is coupled through the bandswitch to the top of RF
tuned transformers 1A3A3A2T1, T2, T3 and T4. These transfermers are tuned by « second section of the
variable capacitor 1A1C1-B, which is identical to 1A1C1-A. Trimmer capacitors 1A3A3A2C2, C6, C10 and
C14 are also used across these tuned transformers. The tuned transformers are tapped so the input
impedance of the buffer amplifier 1A3A7Q1, located in the mixer, is transformed to the desired load
impedance at che coliector of 1A3A3Q1.

3.4.3 Local Qscillator Detailed Description (1A344}

Transistor Q2 is 2 common base oscillator. The collector of Q2 is connected through the bandswitch to the
tuned transformer T1, T2, T3 or T4 depending on the BAND selected. The network of CR2 and R4
suppresses parasitic oscillations. The location of the taps on the tuned transformers are at a relatively low
impedance point to minimize transformer detuning caused by a change in the output reactance of the
transistor, and to maintain a high loaded @. The resonant frequency of the tuned circuit is adjusted by the
local oscillator section of variable capacitor 1A1C1-C. This section of the capacitor vares from
approximately 8 to 24 picofarads and is cut for straight line frequency versus capacitor rotation of band 4,
the highest frequency band. On the lower three frequency bands, the ratio of the maximum to minimum
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capacity required across the funed transfoumers is less than that of band 4. To permit using the variable
capacitor on these bands, the maximum to minimum capacity ratic is reduced by placing it in parallel with
a capacitive pi network. Capacitors 1A3A4A2C2, C5, C8, and C13 are used for temperature compensation
and trimmer capacitors 1A3A4A2C1, C4, C8, and C12 to set the minimum capacity across each of the
tuned transformers. '

The secondary winding on the tuned transformers {for oscillator positive feedback) are coupled o the
emitter of Q2 through R3. The output signal from the secondary winding is also coupled to the base of the
common colector buffer amplifier @1. The local oscillator cutput at the emitter of Q1 is capacitively
coupled to the mixer input throngh 1A3A5C1,

3.4.4 IF Mixer, IF Fﬂter IF Amplifier Detailed Description {143A7)

The RF signal input tc the mixer is fed to a low gain common emitter amplifier Q1 that acts as a buffer
amplifier between the RF amplifier and the mixer. This also provides additional reverse attenuation of the
tocal oscillator signal. The buifer amplifier output is capecitively coupled to the base of the RF mixer
transistor @2. The local oscillator output also is fed to the base of the RF mixer transistor. Q2 is 2 common
emitter amplifier with the RF signal and the local oscillator signal summed at the base. The local oscillator
leve] is maintained much higher than the RF signal to ensure a linear conversion. The collector of @2 is
coupled directly to IF filter FL1 whose bandpass determines the IF bandwidth. The IF filter is a narrow
band ceramic filter with a center frequency of 455 kHz. The -6 db bandwidth is 6.0 kHz & 0.6 kHz and
the -60 db bandwidth i less than 11.0 kHz. The output of the filter is coupled to an emittar follower, Q3,
that mainiains a constant lead impedance for the filfer and provides a low iImpedance drive for the first
stage in the IF amplifier. The first stage of the IF amplifier consists of common emitter G4, with alow @
single-funed cirenit as the collector load. The input to the second IF amplifier stage is transformed to the
desired load impedance value by capacitive divider C39 and C10. L1 is & variable inductor which provides the
center frequency adjusiment of the tuned circuii. Transistor Q5 provides a veariable impedance in the
emitier circuit of @4 to controel the gain of the stage. The emitter of Q5 is biased at approximately +4 volts
by Zener diode CR1. The basé of @5 is coupled to the AGC bus through R22. Resistor R35 provides a
fixed amount of degeneration for the stage. The maximum emitier impedance and the minimum collector
current of Q4 is detexmined by R18.

The operation of the second IF amplifier stage is identical to that of the first IF amplifier stage. When the
receiver is operated in the CW, CAL, or SPOT mode, the third IF amplifier stage is operated as an emitier
follower. Capacitor 1A1C2 bypasses the collector of Q8 through one wafer of switch 1A185. The IF signal
is coupled from the emitter of Q8 to the product detector. In the AM mode, 1A3A1C2 bypasses the
emitter of Q8. The collecior circuit is 2 low Q single-tuned circuit consisting of L3 and C20. The collector is
capacitively eoupled to the AM detecior to accommodate the large difference in drive levels required by the
AM and product detectors.

3.4.5 AM Detector (1A3A841), AM Autornatic Gain Control {1A3A8A2) Detailed Description

When using AM operation, a conventional envelope detector is used for both audio and AGC detection. The
AM IF signal is detected by 1A3A8A1CR2 and the output is filtered by 1A3ABA1C2, R5, R6 and C4.

The AM detector output is fed through the RCVR mode switch to the audio amplifier 1ASA8AI. The AM
detector output is also fed to the AGC board IA3ABA2. The AM detected signzl is directly coupled to the
base of Q1 on the AGC board 1A3A8A2. The AGC circuitry of 1A3A8A1R3, R4, and CR1 sets the zero
signal bias on the base of 1A3ABA2QL. 1A3A8A1CR1 also functions as a temperature compensator for d-¢
bias on the base of 1A3A8A2Q1, a common emitter d-c amplifier. The amplifier audio signal at the output
of 1A348A2Q1 is filtered by 1A3A8A2C3, R2, and R3. The amplifier AGC signal is then fed through
1A3ABAZCR2 of a dicde OR gate to the base of emitter follower 1A3A1Q1. With the RF gain control
1A1R4 in the AGC position {fully ccw), the AGC switch is open and the emitter of 1A3A1Q1 follows the
output of the AGC amplifier. When the RF gain control is adjusted over its range, the AGC switch iz closed.
The base of 1A3A1Q1 is fixed biased by 1A1R6. The AGC bus is connected to the wiper arm of RF gain
potentiometer 1A1R4. The RF amplifier and the IF amphfler gains are decreased as the AGC voltage varies
from 8 volts to 3.5 volis.

3-7




3.4.8. Beat Frequency Oscillator {1A3AB4A2) and Product Zetector {1A3A842) Detziled Description

The beat frequency oscillaior (BFO) is a modified Clapp oscillator circuit with back-to-back varactors
1A3AB6AZCR2 and CR3 that provides tuning across 1A8A6A2L1. In the CWW mode the varactors receive
their bias from the wiper arm of 1A1R12, the VFO frequency control potentzometer The potentiometer
adjusts the frequency of the BFO approximately * 3.0 kHz from the 455 kHz center frequency. In the
CAL mode, the voltage varactors are biased by the divider consisting of 1A3A1R3, R4 and RS5. Resistor
1A3A1R4 is adjusted for a BFO frequency of 455 kHz. The network, 1A3A6A2R2, CR4 znd C1 provides
temperature compensation for the varactors. Capacitors 1ABA6A2C4 and 5 compensate for temperature
variations in inductor 1A3A6A2L1. The effect of load variations is minimized by emitter follower
1A3ABAZQ5 capacitively coupled to the BFO output.

The product detector, 1A3ASA2Q5, Q6 and 37, heterodynas the IF signel down to an audio signal in the
CW and calibrate modes. The BFO cutput signal is couzled to ‘hn base c, 1L£3ACA2Q5. The CW IF output
signal is conpleﬂ io the base of TAIARBASGE. Mixiy e nonlinear base-emitter
junctions of these {ransistors thef are a-c coupled by % zudie output is amplified
by the common base stage 1A3ABAZQ7.

The CW AGC circuitry is located with the product detector chcuitry The AGC signal for CW operation is
obtained by coupling the audio output of the first audio amplifier 1A3A8A1Q1 to 1ABA8A2Q4.
Transistors 1A3A8A2Q4, Q3 and Q2 form a fastattack, slow-decdy, peak detector. High gain audio
amplifier 1A3A8A2Q4 drives the reciifier diode 1A3A8A2CR4, Thz low output impedance of emitter
follower 1A3ABA2Q3 permits the attack time constant, which is about 70 milliseconds, to be determined
by 1A3A8A2C4 and R8. When the input level drops, TA3ABA2Q3 is cut off and 1A3A8A2C4 discharges
through the high impedance peth of 1ASA8A2Q3 in parallel with the input impedance of 1ASA8A2Q2.
The discharge time of 1A3A8A2C4 is epproximaiely 3 seconds zxnpified AGC signal at the output of
1A3A8A2Q1 is coupled to the base o‘F 1A3AIQ1 through TA2L FALICET 2 tha AGC OR gate.

3.4.7 Audio Amplifier Detailed Description (1A3A8A1)

The audio signal from either the AM envelope detector or the CW product detector is coupled to the input
of the andip amplifier thrcugh the RCVR mode switch 14185, The first audio stage Q1 is an emitter
follower that provides a high load impedance for the AM detector. The audio gain potentiometer 1A1R8 is
the emiiter resistor for this stage, The audio output of Q1 also is coupled to the CW AGC circuitry. The
audio signal from the wiper arm of the audio gain control is a-¢ coupled to the second audio amphfier Q2,
an RC-coupled, common-emitter stage. Resistor R14 provides fixed degeneration for this state of
amplification. The output of Q2 is a-c coupled to the base &f power amplifier Q3. This amplifier stage is
designed to provide a minimum output of 1 milliwatt across a 500-ohm load. The output of Q3 is
eapacitively coupled to the earphones. The supply voltage for the last stage is independent of the supply
voltage for the rest of the receiver. The last stage remains energized both in the receive and transmit modes.
In the transmit mode the stage amplifies the sidetone signal tha® is coupled to its base through R1.

3.4.8 Intemal Calibration Oscillator Detailed Description {1A3£3A1)

The internal calibration oscillator consists of a 500 kHz crystal oseillator, a diode-transistor shaping circuit,
and a differentiator. The crystal oscillator, Q1, is a commion base Colpitis type circuit. Crystal Y1 is placed
in the feedback path and is operated in the series resonant mode. Inductor L1 and the series combination of
C2 and C3 form a parallel Tesonant circuit at the resonant frequency of the crystal. Capacitors C2 and C3
are so selected that the impedance transformation from the collector to the emitter is the correct value to
sustain oscillation. The output of the oscillator is coupled to the base of Q2, a square wave generator. The
combination of C4, CR2 and CR3 differentiates the output of Q2. The positive output peaks are clipped by
CR2 leaving a series of negative spikes. These spikes, which have a high harmonic content, are coupled to
the input of the receiver antenna matching network through C5 and 1A3A5R1.
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3.5 RT-224 Transmiiter Functional Block Diagram Description

As shown in figure 3-5, input signals in the 2 MHz to 12 MHz frequency range are supplied by the
frequency source in use, CS-224, frequency synthesizer, or external crystal CR-18/U. The frequency source
signal is fed to the low level module and is shaped and amplified to a sufficient level Yo drive the push-pull
operated driver-final amplifier. The output of the driver-final amplifier is fed to the RF sampler where the
forward and reflected power is sensed and its output used o control the output level of the low-level
module. The RF signal, through the RF sampler, is coupled to the antenna matching network and then
through the antenna tuning module to the antenna. The antenna matching network is coarse-tuned
automatically by a motor, however, fine tuning is achieved through z front panel control. Proper tuning is
indicated on the front panel TUNE meter,

3.6 RT-224 Transmitter Circuit Description

The following circuit descriptions are supported by figures 3.6 RT-224 schematic didgram, 3-3 TAR-224
front panel, and 3-7 RT-224 wiring diagram,

3.68.1 Low Level Module Detailed Description (1A4A7)

The low level module is composed of seven stages: crystal oscillator-amplifier, buffer amplifier, doubler
amplifier, automatic level control, second buffer amplifier, class A amplifier, and the pre-driver amplifier,
Each of these seven circuils are detailed below,

a. {rystal Oscillator-Amplifier. The first-stage Q1, is designed to operate either as an amplifier or as
an osciilator. A crystal inserted into the external crystal socket on the front panel mechanically activates
switeh 1A187-C. This places the crystal across the amplifier input terminals. The high reactive impedance
presented by the crystal, plus the capacitive voliage divider {C1, C2, and C3) thaf provides feedback to the
base, causes the transister to. operate as a modified Plerce oscillator. When. the crystal is removed the
amplifier input is connected to the C5-224 crystal matrix or the frequency synthesizer depending on which
is plugged into the compartment on the front panel. Stage Q1 then functions as an emitter-follower because
the impedance across the input terminals will not cause oscillation. The output of Q1 is taken from the
emitter in series with R4 and is capacitively coupled through C8 and R8 to the base of buffer amplifier Q2.
Zener diode CR1, with resistor assembly 340424 stabilizes the collector voltage of Q1 for any variation in
battery voltage. The emitter load for Q1 is comprised of R3 and LZ. Capacitor C2 trims the load
capacitance to the required 32 pf for CR-18/U crystals. The combination of CR9, C31, R42, R43, and Q11
compose a negative feedback cireuit for the oscillator which keeps the output of the emitter of Q2 at a
constant level across the frequency range. The combination of CR9 and C31 form a detector circuit that
rectifies the voltage at the junction of R10 and L3. This voltage determines the current into the base of
Q11. The d< current into the base of Q1 is set by the current in the collector of Q11, and the value of
resistor R2. Since the oscillator output is determined by the bias current of Q1, the current in the collector
of Q11 and the value of R2 determine the output voitage.

b. Buffer Amplifier. The buffer amplifier Q2 is an emitter follower operating as a class A amplifier.
The gain of Q2 is such that only 1 milliwatt of power is required from the oscillator to produce a
6-milliwatt output. This gain removes any tendency for escillator “pulling”. Inductor L3 permits the buffer
to drive highly capacitive loads without distortion caused by transistor cutoff.

¢. Doubler-Amplifier. The doubler-amplifier stage is composed of transistors Q3 and Q4
performing dual functions, as 8 broadband doubler or as an amplifier, depending on the position of
transmitter band switch S1, When operating in the 2 to 12 MHz frequency range, the stage will operate as
an amplifier. When BAND switch S1 on the front panel is in the 2 to 12 MHz position, the transistors are
switched to operate push-pull into broadband coupling transformer T1. When operating in the 12 to 24
MHz frequency range, the transistor Q4 cutput is switched to operate in parallel with Q3 af the broadband
transformer T1. The output of buffer amplifier Q2 is capacitively coupled through C7, CR2, and CR3 to
Q3 and Q4 respectively. The combination of R11, R12, CR2, and CR3 is used tn bias Q3 and Q4 when a
signal is on the key line. Resistors R15 and R13 provide emitter degeneration for Q3 and Q4 while R14,
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C9, and C10 balance the differences in gain between Q3 2:1d @4, The variable, R14 and C10, are adjusted to
give the best doubled waveshape. Depending on the position of transmitter band switch Si, R28 and R19
supply the proper load for transformer T1.

d. Automatic Level Control. The automatic level control (ALC) protects the final amplifier
transistors. A d-c voltage, proportional to the forward power, and a d-c voltage, proportional to the
reflected power, as determined by the RF sampler circuitry, is coupled to the ALC circuit to limit the
power output to protect the final amplifier transistors. The ALC also protects the transistors from shorts or
opens in the antenna line. The d-c voltage proportional to the forward power is fed to the bzse of §29
through CR29, while C18 performs as an RF bypass. The ALC forward power circuitry is designed {using
C17 and CR29) to have a fast attack time and a slow decay time. The ouiput from the emitter of Q29 is fed
to the base of Q6 through R25. Q6 does not conduct unless Q5 is conducting or if the emifter potential
exceeds the breakdown voltage of Zener diode CR4. Should the emitter potential of Q6 exceed this
breakdown voltage, the transistor conducts. When @6 is conducting the d-c bias cwrent through CR5, LR8,
and CR7 is reduced. This causes the a-¢ impedance presented by CR5 and CR6 to increase, thus attenuating
to the RF signal. When the RF sampler module detects any reflected power, it feeds a d-c voltage
propertional to that reflected power to the base of @5 causing Q5 to conduct. This permits conduction of
Q8, or increases conduction if Q8 is already conducting. Since the RF signal senses an increased impedarnce
in series with the input of Q7, the RF signal power is again lowered, in effect adding attenuation to the RF
signal,

e, Second Buffer Amplifier. The output of the ALC is fed to the emitter of second buffer amplifiar
Q7. The second buffer amplifier operates as a class A, common-base amplifier and isolates the loading effect
of the attenuator circuit and the inpui to the class A amplifier stage. The collector is connected to
transformer T2, The base is biased from the keyline by voltage divider R30 and R31. Capacitor C19 is the
base bypass capacitor. R32 and €20 form a B+ decoupling network.,

f. Class A Amplifier. The class A amplifier is used to amplify the RF signal output from the buffer
stage to the 20-milliwatt level needed to drive the pre-driver stage. The output of the secondary winding of
isolation transformer T2 is coupled through C21 to the emitter of @8. The ocutput of Q8 is fed to
broadband push-pull transformer T3. The base is biased from the kevline by R36 and R37. Capacitor C22 is
the base bypass capacitor.

g. Pre-Driver Amplifier. Transistors Q9 and Q10 connected in push-pull operation provide the
200-milliwatt level necessary to drive the driver smplifier. Transistors Q9 and Q@10 are common-emitter
amplifiers prebiased by R45. Diode CR8 reduces crossover distortion. Resistors R38 and R39 are used for
d-c stability and also supply some emifter degeneration, The input to the bases of @9 and Q10 is fed
directly from the broadband push-pull transformer T3, The output from the collectors of Q9 and Q10 is
fed directly to the push-pull transformer T1 in the driver amplifier stage.

3.8.2 Driver-Final Amplifier Assembly Detailed Dascription {Part of 1A4)

The driver-finzl amplifier consists of two stages opersting push-pull to decrease harmonic outpui. The driver
is 2 common-emitter, push-pull amplifier composed of transistors Q1 and Q2. The input to this stage is
from broadband transformer T1. To reduce load variations with frequency, R1 and L1 act as a load for T1.
To improve efficiency, R8 permits the stage to operate as class C amplifier. Degenerating feedback for Q1
and Q2 is provided by C7, C8, L2, L3, R2, and R11. The RP output is approximately 1 to 2 watts and is
fed to broadband push-pull transformer T2.

The final amplifier stage is operated as a common-emitter push-pull ampiifier consisting of transistors Q3
and Q4. The RF signal is fed to the bases of the twa transistors from push-pull transformer T2. The
secondary winding is center-tapped with R5 to ground permitting the final amplifier to operate class C
increasing collector efficiency. Degenerative feedback across the base and collector of @3 is achieved by a
network consisting of RS, R9, and C2, Degenerative feedback across the base and collector of Q4 is
achieved by -a network of B7, R12, and C3. This reduces distortion and gain variations with frequency. The
push-pull output of the final amplifier is fed directly to the primary winding of broadband transformer T3
which couples the balanced output of @3 and Q4 through an unbalanced single-ended cutput to the RF
sampler module. .
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3.6.3 Keyer Module Detailed Description (1A4A8)

The keyer module consists of the circuits necessary to operate the RT relay and includes side tone
generator Q5. Generator Q5 is a unijunction transistor functioning as a relaxation oscillator and is excited
in the hand key mode through CR2 and CR4. The output from the emitter of Q5 is coupled fo the receiver
audio amplifier through C2.

When the hand key on the front panel or on the handset is depressed or when the medium speed keyer is
transmitting a character, 2 ground is applied to R4. Then R3 and R4 act as a voltage divider that decreases
the positive bias on the base of Q2, Q2 conducts and in turn, causes @3 and Q4 to conduct, Q4 supplies
cwrrent to the RT relay and through external diode 144CR3 to the antenna relay. Capacitor C1 functions
as a holding circuit to delay the RT relay from de-energizing whei the hand key is operated. Through CRS,
Q2 also supplies B+ to the low-level module.

When a microphone is used as the keying device, the keying circuit is energized by the push-to-talk switch
on the microphone. This grounds R4 through a diode on the front panel. When a microphone is used, the
base of Q5 is grounded through diode CR8 disabling the sidetone generator,

3.6.4 Modulator Module Detailed Description (1A4A5)

The modutator module with 1A4A8Q5 forms an audio amplifier that modulates the B+ voltage supplied to
the driverfinal amplifier. The output of the microphone is fed into emitter follower amplifier Q1.
Transistors Q2, Q4 and Q5 form a direct coupled amplifier with d-c feedback from Q5 to Q2. A portion of
the audio output of Q5 is rectified and fed to Q3. The output of Q8 is used to control the gain of Q2. The
output of QB is capacitively coupled to the base of Q6. Transistor Q7 and the modulator transistor
1A4ARQS aredirect-coupled amplifiers with d- feedback to Q6.

Transistor Q1 is 2 conventional emiter follower amplifier. Q2 is a common-emitter amplifier with variable
emitter degeneration. This degeneration is achieved by varying the eurrent through CR1 to vary its dynamic
or a¢ impedance. Emitter bypass capacitor C5 is in series with CR1, As the impedance of CR1 varies, it
changes the gain of Q2. The oufput.of Q2 is directly coupled to @4, a common-emitter amplifier, with
some emitter degeneration obtained through R13. The output of Q4 is directly coupled to emitter follower
Q5. A portion of the output of Q5 is coupled through C9 to CRA4 to rectify it and change the biason Q3.
Transistor @3 has a fixed bias supplied to its base through R17 from the Zener siabilized voltage divider
composed of Rla, CR3, R17, and R13. With no audio, maximum d-¢ current flows through Q3 and CR4 to
minimize the dynamic impedance of CR1. As the andio signal increases, CR4 conducts.and reduces the base
voltage of Q3 which reduces the current through CRI, thus increasing its dynamic impedance. Transistors
Q6, Q7, and 1A4A8Q5 form a d-c-amplifier with negative feedback. The resistor divider R24 and R23
comprises the negative a- feedback which in conjunction with R20 and R21 sets the d-c level at the
collector of 1A4A8Q5. This level is adjusted in the modulator module test to 6 volts by adjusting the value
of resistor R20, The audio signal from 1A4A5Q5 modulates the base of Q6 to change the base current of
Q7, causing the collector voltage on 1A4A8Q5 to change. The collector voltage of 1A4ABQ5 is supplied to
the driver-final amplifiers. This voltage change produces the AM modulation.

3.6.5 RF Sampler (1A4A2) Detailed Description

The RF sampler performs two functions. It provides the ALC circuitry with two d-c voltages proportional
to the forward and the reflected power, It also provides a signal to the motor control to allow it to coarse
fune the transmitter. The RF power input to the R¥ sampler is from final amplifier broadband fransformer
T38. The unaffected RF power is fed directly to the antenna matching network. Separate sensing devices are
used for the forward and the reflected powers.
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a. Reflected Power Circuitry. The reflected power sensor compares the out-of-phase voltage and
current. Current transformer T1 samples the signal current and capacitive voltage divider (C2, C3, C4, and
C5) samples the signal voltage. Diode CR1 sums the out-of-phase components and generates a d-c voltage
proportional to the reflected forward power. Filter network L2, R1, €I, and L1 removes all RF voltage
from the detected d-c voliage. The resuitant d-c voltage is coupled directly to the ALC circuitry in the
low-level module.

b. Forward Power Circuitry. The forward sensor is similar to the reflected sensor except that the
forward sensor compares the in-phase voltage and current. Current transformer T2 samples the current, and
capacitive voltage divider C6, C7, and C8 samples the RF signal voltage. CR2 sums the in-phase components
and develops a d-c voltage proportional o the forward power. Filter network L3, C9, R6, C10, and L4
filters this d-¢ voltage to remove ail the RF voltage. The resulting d-c voltage is coupled to the ALC
circuitry in the low-level module. Variable resistor R10 adjusts the loop gain and consequently sets the
output signal, which is normally 20 watts.

¢. Harmonic Filter Network. Three harmonic filters are incorporated in the RF sampler module to
remove harmonics that might otherwise generate erroneous signals in the reflécted ALC line to the motor
control circuits. The highest harmonic filter, attenuation above 24 MHz, made up of L5, C11,R7, R8, R9
and R1I0, is permanently connected across the RF input line. When operating in 2 to 12 MHz range, relay
K1 connects the Jow harmonic filters (L6, C12,R11, R12, R13, R14) and (L7, C13, R15 Rls R17,R18)
across the RF input line X1 is energized by the transmitter bandswitch.

3.8.6 Antenna Matching Network Detailed Description (1A4A8)

The antenna matching network matches the impedance of the antenna to the proper load line impedance
for the transmitter. The ouiput of the RF sampler is fed directly to the maiching network at varable
inductor L1. The matching network is a T-network., Variable inductor L1 is used in the input arm with
variable capacitor Cl as the shunt element. A small inductor 1A4A1L1 is in the ouiput series arm. The
variable inductor and capacitor are geared together and are driven by a motor during the coarse tune cycle
of normal operation. The fine tuning or peaking is accomplished with the FINE TUNE control on the front
panel. If necessary this control can be used for the entire tuning procedure, but it requires approximately
six twms of the control to obtain one turn of the variable inductor. The RF power output of the matching
network is fed to the antenna through the tuning indicator module and antenna relay.

3.6.7 Antenna Tuning Module (1A4A1) Detailed Description

The antenna tuning module drives the TUNE/VOLTS meter located on the front panel. In the fine tune.
mode, the fine tune control is adjusted to obtain a peak deflection on the meter, Transformer T1 senses the
RF current cutput of the antenna matching network, and voliage divider R5, R6, R7, B8, and R9Y senses
the RF voltage. The RF current sample is rectified by voltage doubler CR1 and CRZ. The rectified voltage
is filtered by C2 and is fed to R2. The RF voltage sample from the voltage divider is rectified by CR4. The
resultant d-¢ voltage is filtered by C3 and fed to R1D. The voltage across the series combination of R2 and
R10 is the sum of the rectified current sample from T1 and the rectified voltage sample from voltage
divider RS, R8, R7, R8, and RY. This voltage drives the TUNE/VQOLTS meter. The RF power through the
antenna tuning module is fad to the antenna relay which is energized when the transmitter is keyed and the
RF power is fed to the antenna.

3.6.8 Motor Control Circuitry Detailed Description

The motor control circuitry coarse tunes the antenna matching network module 1A4A8 to eliminate most
of the hand tuning. The motor control circuitry is on two printed circuit boards, 1A4A3 and 1A4A4. It will
be necessary to describe perts of the circuitry on both boards simultaneously.

a. Motor Conirol Module No. 2, 1A4A4. When the transmitter power is turned on and the
transmitter tune knob, AUTO-PULL, is actuated, a positive 12 volts is applied toc R18. A positive d-c spike
is sensed at the base of Q3, causing it to conduct. The collector voltage of Q3 is coupled to pin 10 of
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flip-flops Z1 and 22 to cause the cutput pin 8§ to latch in the high state. Since the cathodes of CR1 and
CR3 are in a high state, curent is shunted through CR2 and CR4 csusing Q4 and Q5 to conduct. The
collector of @4 is connected to the coil of the tune relay and the collector of Q5 is connected to the coil of
the motor relay. When Q4 and Q5 are saturated, they appear as a ground and the relays energize. Resistors
RY and R13 tend to stabilize the circuits. When Q5 is saturated, Q6 is held at cutoff, as is Q7. While the
motor relay is energized, the antenna matching network module is being driven toward maximum
inductance and the transmitier circuits do not operate. When maximum inductance is reached a
microswitch in the antenna matching network energizes causing Z2 to lateh up, so that pin 8 is in 2 low
state. Thus, @5 is cut off, de-energizing the motor relay and reversing the direction of the motor to drive
the antenna matching network toward minimum inductance. When Q5 is cut off, Q6 will conduict, causing
Q7 to saturate. The output at the collector of Q7 is approximately 12 volts and is fed to the keyer module
1A4A6 which keys the low-level module 1A4A7. D-c voltage for the driverfinal assembly is applied
through the RT relay which is keyed by the tune relay. When both the low-level module and the driver final
assembly have B+ applied, the RF power output is sampled in the RF sampler module 1A4A2. The voltage
proportional to the reflected power is coupled to the motor control cireuit board module 1A4AS,

While the motor is driving the inductor toward minimum inductance, the system is searching fora tuning
point. If this point is not found, the inductor eventually will reach minimum inductance. The minimum
inductance switch is depressed causing pin 12 on Z2 to go low. This sets pin 8 high and pin & low. The
motor is furned around and RF is rernoved from the driver final section. The low voltage on pin 6 is fed to
pin 13 .on Z1. This low voltage keeps pin 8 high and the tune relay remains actuated, The motor continues
to cycle giving the operator a non-tune indication.

b. Motor Control Module No. 1, 144A8. The voltage representing reflected power is coupled
through C3 and RF choke L1 to the base of Q1. The bass of @1 is biased at 0.5 volt beiow the B+. When
Q1 conducts, the inverted output is fed to the base of emitter follower Q2. Dicde CR3 and capacitor C4
filter the pulsating voltage caused by the lack of a discharge path for C4. The voltage at the base of Q2 is
then a voltage representing the peaks of the pulsating voltage. The output of @3 is' capacitively coupled
from the collector through C7 to pin 2 of operational amplifier Z1. R7 functions as a swamping resistor.
The operational amplifier does not respond to z negative-going voltage, but when the antenna matching
network is driven through the correct tune point, the voltage, representing reflected power at the input to
the operational amplifier, goes in a positive dixection. With the positive-going voltage present af the input,
the output of the operational amplifier drops, causing @1 on circuit board 1A4A4, to saturate. The output
at the collector of 1A4A4Q1 is supplied to the base of TA444Q2 causing it to saturate. When 1A4A4Q2 is
saturated, the collector voltage coupled to pin 4 of flip-flop 1A4A 271 is low, causing the voltage at pin 8 of
1A4A4Z1 ic be low, causing 1A4A4Q4 to cut off. Thus the tune relay is de-energized and the drive motor
is stopped.

3.7 Power Supply Circuitry {Part of 1A1)

The normal power supply for the radic set is & sealed, rechargeable, nickel-cadmium battery, capable of
delivering approximately 12 volts at 6 amperes maximum. An external power supply with the same
capabilities as.the battery can be connected to the external power connector on the front panel at 1A1J5.
The battery is connected to the radio set through connector 141P2. The battery voltage is fed to metering
circuitry, to the front panel light switch, to pin 4 of the RT relay 1A1A3K3, and to POWER swiich
1A182A where it js distributed according to the switch position. When an external power supply is
connected to POWER connector 1A1J5, power source relay 1A1A3K?2 is energized, disconnecting the
hattery. Diodes 1A1CR8 and 1A1ICRY are used for reverse polarity protection when using an exiernal
power supply. When the power source relay is energized, the external power supply voltage is distributed in
the same manner as the battery volage.

3.7.1 Battery Protection Circuit
The principle function of the batiery protection circuit is to disconnect the internal battery from the radio

when the battery voltage drops below 10 volts. Its secondary function is to connect an external supply to
the radic electricaily when the supply is connected to the front panel. When 1A182 is in the RCVR or the
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RCVR/XMTR position the battery voltage is present at pin 6 of the latching relay 1A1A3K2. When the
RESET button 1A181 is pushed, the coil between pins 3 and 4 of 1A1A3K2 is energized, placing the relay
in the internal battery position. Thus 1A1A3K2.5 and 1A1A3K2-10 are connected, and 1A1A3K2-1 and
1A1ABKZ2-6 are connected. The battery voltage is then present at the junction of 1A1AI1R3 and 1A1A1R2.
Zener diode CR4 establishes the reference voliage for the emitter of Q1. The base voltage of Q1 is a voltage
proportional to the batfery voltage. As long as the battery voltage is high enough, Q1 is cut off, If the
battery voltage drops below a certain value, the base voltage of Q1 drops low, turning @1 on. This raises the
base voltage of Q2, thus turning Q2 on, When Q2 is ssturated, pin 8 of 2A1A3X2 is held low, Pin 8 is tied
to one end of 2 coil. At the other end of the coil, pin 7 is tied to B+ through diode 1A1A3CRZ. This
energizes the relay to the external supply position. The battery is disconnected not only from the radio set
but also from the battery protection circuit itself, since pins 6 and 1 of 1A1A3K2 are no longer connected.
When an external supply is connected to the front panel corinector, it supplies current to the base of Q2
through R4 and CR5. This has the same effect 25 a low battery because Q2 is saturated. The relay is thrown
to the external power position.

3.1.2 Battery Charging Circuit Description (Part of 1A1A3)

The battery charging circuit consists of fwo diodes connected between the battery and the extermnal
charging source. A d-c voltage of 17 volts from an external source is applied to pin C of POWER ¢onnector
1A1J5 when the POWER switch is in any position. This canses current to flow through 1AICR1 and
1A1CRS. The battery is fully charged after charging for approximately 14 hours. The diodes prevent the
battery from discharging when the charging circuit is ciit off or disconnected.
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CHAPTER 4

ALIGNMENT AND ADJUSTMENT

4.1 Scope

This section is divided into two primary groups: the receiver and the transmitter. Each primary group is
broken down further to provide adjustment procedures of circuits within the primary group. Figures 3-1
through 3-7 should be referenced for electrical location of the test points and adjustments.

4,2 TAR-224 Radio Set Electrical Alignment

Align Radio Receiver RR-224 as described in paragraphs 4.3.1 through 4.3.5. Adjust Radio Transmitter
RT-224 as described in paragraph 4.4,

4.3 RR-224 Radio Receiver Electrical Alignment Procedure

4.3.1 Test Equipment:

Oscilloscape Tektronix 545A or equivalent

Frequency Counter HP 524D with HP 5254 converter,
or equivalent

Signal Generator HP 606A or equivalent

ACVTVM HFP 400C or equivalent

DCVTVM HP 410B or equivalent

Power Supply Péwer Design 4005 or equivalent

3db, 56 ohms pad Microlab B/FXR-AD-03N

or-equivalent
4.3.2 Laocal Oseillator Alignment (Figure 4-1}

a. Sef the receiver coritrols as follows:

MODE RCVR

RCVR MODE AM

BAND 4

RCVR CAL Center of range

b. Connect a signal generator (HP 608A or-equivalent), modulated 30 percent at 1 KHz through the
3 db pad to the antenna posts on the front panel of the radic set. Observe graund and antenna correlation.
Terminate the PHONE jack {pins A and B} with a 500 ohm load, an audio VTVM (HP 400C, or equivalent),
and an oscilloscope {Tektronix 5454, or equivalent). Use the frequency counter (HP 524D with HP 525A
plug in, or equivalent), to set the signal generator to the desired dial setting on the receiver.

¢. Tune to 16.0 MHz, the low end of band 4. Adjust TA3A4T1 {figure 5-3) for maximum audio
output.

d. Tune to 22 MHz at the high end of band 4. Adjust trimmer capa;citor 143A4C1 (figure 5.9) for
maximum audio output.

e. Alternately repeat steps ¢ and d until no further adjustment is necessary.
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Figure 4-1. RF Amplifier and Local Gscillator
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f. Repeat ste?s c. d 2nd e on bands 3, 2, and 1. The tunable capacitors and inductors as well as the
adjustment frequencies, are listed in table 4-1, Adjust the capacitors and inductors at the high and low ends
of each band respectively.

TABLE 4:1. LOCAL OSCILLATOR ADJUSTMENT

Frequencies - - MHz
Trimmer High End Low End
 Band Capacitor Inductor Dial LC Dial Lo
1 C12 T4 3.500 3.955 2.200 2.655
2 C9 T3 6,900 7.355 3.700 4,155
3 C4 T2 12.893 13.348 6.893 7.348
4 Cl T1 22.000 22.455 16.000 18:4535

NOTE: Figures 5-3 and 5-9 show table 4-1 components location.

4.3.3 RF Amplifier Alignment (Figure 4-1, 4-2)

a, Set the receiver controls as follows:

MODE RCVR
RCVR MODE AM
RF GAIN Maximum clockwise

b. Connect a signal generator (HP 8068A or equivalent), modulated 30 percentat 1 XHz, through the
3 db pad to the antenna posts on the front panel of the radio set. Observe ground and antenna correlation.
Terminate the PHONE jack (pins A and B) with 2 500 ohm load, an audic VI'VM (HP 400C, or equivalent),
and an oscilloscope (Tekironix 5454, or equivalent).

¢. Retune the receiver and signal generator to the low end of the band. Adjust the applicable
inductors in the antenna section and RF section until maximum output is obtained, reducing the signal
generator output to maintain an undistorted audio ouiput {figures 5-3 and 5.9).

d. Set the BAND selector to the desired band and tune the receiver to the high end of the band.
Tune the signal generator to the receiver frequency and adjust the signal generator output until an audio
output of nominally 1-milliwatt is chtained. Reduce the AF GAIN as necessary to obtain an undistoried
audio output. Adjust the applicable frimrner capacitors in the antenna section and RF section until
maximum audio output is obtained (figures 5-3 and 5-8).

e. Alternately repeat steps ¢ and d until no further inerease in the output is obtainable at either end
of the band by tuning. Do not reduce the signal generator output below 38 microvolts on the 10 microvolt
scale. The tunable capacitors and inductors, as well as the adjustment frequencies, are listed in table 4-2.
Adjust the trimmer capacitors and inductors at the high and low ends, respectively, of the bands (figures
5-3 and 5-9).
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TABLE 4-2. RF AMPLIFIER ADJUSTMENT

Trimmer
Capacifors Inductors Frequeney - - MHz
Band Ant. RF Ant. RF High End Low End
1 Cl3 Cl4 T4 T4 3.5 2.2
2 €9 Clo T3 T3 6.0 3.9
3 C8 Cs T2 T2 12.893 6.893
4 c2 c2 T1 T1 220 16.0

NOTE: Figures 5-3 and 5-9 shows table 4-2 component locations.

4.3.4 BFO Alignment

a. Set the receiver controls as follows:

MCDE RCVR
RCVR MODE CwW
BFO 0

b. Connect an oscilloscope (Tektronix 545 or equivalent) to E1 (figure 4-3) on the BFO board
1A3ABA2. Connecta frequency counter {HP 524D or equivalent) to the vertical output of the oscilloscope.

¢. Adjust TA3ASAZL1 (figure 4-3) until the BFO frequency range controlled by the front panel
BFO potentiometer, is symmetdcally located with respect to 455 kHz.

" d. Set the RCVR MODE switch to CAL position with the dial to a noncalibration frequency that is
not a 0.5 MHz harmonic, Adjust 1A3A1R4 (figure 4-4) for a BFO frequency of 455 kHz.

4.3.5 IF Amplifier Alignment

a. To adjust the TF amplifier, inductors 1A3ATL1, L2, and L3 are adjusted for maximum output
from the IF amplifier. This adjustment normally is made prdor to installation of the IF amplifier in the
receiver.

3

b, To adjust the IF amplifier while it is mounted in the receiver, tune the receiver in the AM mode
to a 2 MHz signal from a signal generator, 30 percent modulated at 1 kHz.

c. Tum the RF GAIN control 1A1R5 (figure 2-1} on the front panel maximum clockwise. Decrease
the signal generator output unti} a 1 mw audio output is obtained.

d. Adjust inductors TA3A7LL, L2, and L3 for maximum output (figure 6-1). Reduce the signal
generator output, if necessary, to maintain an undistoried audio output of 1 mw.

44 RT-224 Radio T ransmitter Electrical Adjustment

Radio transmitser RT-224 adjustments are made as described in paragraph 4.4.1.

7
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Figure 4-3. Calibrator and BFO
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4.4.1 Transmitter Adjustments

4,411 Low Level Module Adjustments (1 A4A7)

a. Test Equipment

Power Supply ‘Hewlett-Packard, Mode] 721

Power Supply Harrison Lab, Model 8108

Oscilloscope Tektronix, Model 561

Dual-Trace Pre- Tektronix, Type 3576
Amplifier

b. Initial Instructions

(1)

(2)
(3)
(4)

(5)

&

(1)

(8)

Remove transmitter from front panel {paragraph §.13}. Solder a crystal socket to the
low level module input coaxial cable.

Connect plug 1A44P1 to jack 1A1J3 (figure 5-15).
Connect 2 greund strap from front panel to the transmitter chassis.

Connect +8 vde from power supply, Hewlett-Packard model 721, to the Forward Line
{figure 5-16).

Connect 12 vde power supply, Harrison Lab model 810B, to the external POWER input
plug on front panel.

Cornnect oscilloscope, A or B input, to cathode of 1A4ATCR3 {figure 5-16).

Insert a 2-MHz erystal in the low level module test erystal socket. Check for prompt
oscillation with the {ransmitter keyed. If prompt oscillation is not observed on the

scope, adjust capacitor 1A4ATC2 until a clean trace is seen on the scope.

With the front panel key depressed, check for oscillation between 2.5 and 3.2 volts
peak-to-peak presentation on the scope.

NOTE

If the amplitude is out of this range, the value of resistor 1A4ATR2 must be changed
between 3.3K and 4.7K to obtzin the waveform within limits.

63
{10)
{11}

(12)

Connect the oscilloscope, A or B input, to the collector of 1A4A7Q4 (figure 5-18).
Connect a 6-MHz crystal to the low-level input (figure 5-16).
Set transmitter BAND switch to 12-24 MHz position.

Adjust 1A4ATR14 (figure 5:16) for equal double peaks with the key on front panel
depressed.
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4.4.1,2 RF Sampler Module Adjustments

a. Test Equipment

Differential Voltmeter John Fluke Modei 801
Bignal Generator - Hewleti-Packard Model 806A
Transmifter Johnson Viking II-CDC
VIVM Hewlett-Packard Model 410B

b. Initial Instructions

(1)

Adjust 1A4A2R19 for 20K ohms as measured from pin 5 on the board to ground (figure
4-5).

NOTE

The positive lead on the meter must be connected to point B for this adjustment.

¢. Reflected Power Detector Adjustment

1)
(2)
(3)

(4}

Connect the test equipment to the RF sampler module (figuxe 4-6).

Turne transmitter to 24 MHz,

Increzse power-out of transmitter until 20 watis is measured across the 35 ohm load.
NOTE

20 watts corresponds to 26.4 volts BMS as measured with the VIVM.

Adjust variable capacitor 144A2C3 for 2 minimum d-¢ voltage as measured from pin 2
to ground (figure 4.5).

d. Forward Power Detector Adjustment

&5

(2)
&)

Connect the test equipment as in step c{1} except switch the RF input and the RF
output on RF Sampler module and change Fluke meter from pin £ to pin 5.

Tune fransmitter to 24 MHz.

Increase power out of transmitter until 20 watts is measured across the 35 ohm load.
NOTE

20 watts corresponds to 26.4 volts RMS as measured with the VI'VM.

Adjust variable capacitor 1A4A2C7 for minimum d-c voliage as measured from pin 5
and ground {figure 4-5}.

e. Repeat step c.

Measure and record minimum d-c voltage.

1)
(2}

Pin 2 to ground, 700 mv or less.

Pin 5 to ground, 6 voits minimum.
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Figure 4-5. Modulator, RF Sampler and Motor Control Boards No. 1 and No. 2
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Figure 4-6. RF Sampler Test Equipment Set-Up
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f. Repeatstep d.
Measure and record minimum d-c voitage.
{1) Pin 5 to ground, 1000 mv or less.
{2} Pin 2 to ground, 5.4 volis minimum.
g. Repeaistepc.
Tune transmitter to 2 MHz, Measure and record minimum d-c voltage.
{1} Pin 2 to ground, 700 mv or lass.
{2} Pin 5 to ground, 6 volts minimum.
h. Repeat step d.
Tune transmitter to 2 MHz, Measure and record minimum d-c voliage.
{1} Pin 5to ground, 700 mv.

{2) Pin 2 to ground, 5.7 volts minimurm:
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CHAPTER 5

RADIO SET TAR-224 DISASSEMBLY

5.1 Scope

This chapter provides procedures for the location, removal, and replacement of TAR-224 major units,
subassemblies, and components. Thie removal and replacement of component parts that do not require any
special proceduzes will not be detailed,

5.2 Baitery Reinoval and Beplacement {figures 5-1 and 5-2).

a. Battery Removal

{x) Position the radio set with the battery access cover facing upward and with the front
panel toward you. :

{2) Open the hinged 2ccess cover by lifting latch,

{3) Raise the battery lifting handles and 1ift the battery out of its case.

CAUTION

The hattery must be lifted evenly from the case. If the battery is tilied upon remaval,
damage to the battery connector could result.

b. Battery Replacement

(1) Grasp the battery by the handles and lower i evenly into the case and mate the battery
connectors,

NOTE

A slight push on the connector end of the battery may be required to completely mate
the connector,

{2) Depress the POWER TEST switch. A correct reading on the TUNE/VOLTS meter will
indicate the battery is installed properly.

{3) Ensure the O-ring on the cover is in place and close the battery access cover.

8.3. Case Removal and Replacement 1A2

2. Case Removal

(1) Position the radio set with the front panel up and battery compartment toward you
{figures 5-1 and 5-2).

(2) Remove 10 captive allen-head screws around the outside of the front panel.
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DESCRIPTION

FRONT PANEL ASSEMBLY
TRANSMITTER ASSEMBLY
RECEIVER ASSEMBLY
XTAL SEL. ASSEMBLY
CASE ASSEMBLY
BATTERY

COVER ASSEMBLY
SCREW, SEALING
KNOB

KNOB

KNOB, POINTER
XNOB ASSY

KNOB

LOCKWHEEL
BUSHING

GASKET

SET SCREW

“0” RING

CAPTIVE SCREW
DESSICANT

HOLDER

COVER, PROTECTIVE
LOCKSCREW

Figure 5-2. TAR-224 Exploded View
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&3]

(4)

While holding the case to the front panel, tumn the radio set over (end over end} with the
CS-224 section of the front pane: away from you and to your left (figure 5-3).

Lift case up and away from front panel.

b. Case Replacement

1)

)

(3)

(4)

Position the front panel as it was in the case removal procedure, paragraph 5.3a. Be sure
that the O-ring is properly installed in the front panel.

Lift the case up and position it over the rear of the front panel; carefully push the two
together. Be sure that the battery cannectors are engaged {figure 5-3).

While holding the case and front panel together, turn the radio set over and rest it on its
case,

Tighten the 10 captive screws evenly, securing the case to the front panel {figures 5-1
and 5-2}.

5.4 RR-224 Receiver Hemoaval and Replacement

a. RR-224 Removal

)

(2)

(8)

(%)
(8)

Remove the CAL ADJ, receiver BAND, and receiver TUNE knobs from the front panel
{figures 5-1 and 5-2).

Remove the receiver TUNE knob locking wheel by turning it countercleckwise; {ilt the
radio set up on edge and tap it lightly so that the brass bushing around the TUNE knob
shaft falls out.

Remove the radio set case as detailed in paragraph 5.3a.
Remove four screws holding the receiver to the front panel.

Remove the receiver chassis by lifting it straight np and away from the fromt pane]
{figure 5-1).

b. RR-224 Replacement

ey
(2)
(3)
(4)

(8}

Replace the receiver chassis by puiting it straight down on the front-panel (figure 5.2).
Replace four screws that hold the receiver to the front panel.
Replace the radio set case as detailed in paragraph 5.3b.

Replace the brass bushing with the slotted ends going into the hole first, then insert the
TUNE knob locking wheel.

Replace the CAL ADJ TUNE and BAND knabs on the front panel. Do not install fune
knob too low on the shaft or lock the knob when too low on the shaft. These conditions
will cause damage to the bearings of the capacitor.

5.4 Changed 15 September 1971




ANTEMN{;& 7 q
TUNIN 4,
MODULE R
i
.1.
@,
N
!
H
*l
LOW : . KEYING
LEVEL CIRCUIT
MODULE :
BATTERY
CONNECTOR
|AK4
BFO AND
| e CALIBRATOR
ASSEMBLY
RF AMPLIFIER
[A4A3TIFTE ] ,
) — - LOCAL
_ OSCILLATOR
' 1A3A4TI-TS
ANT MATCH -—-\d
ASSEMBLY 3
IAZAZTI< T4
INTERWIRING MIXER IF
BOARD ASSEMBLY

Figure 5-3. TAR-224 Module Location {(bottom view)
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5,5 IF Amplifier Removal and Replacement 1A3A7

a. 1A3A7 Module Removal

(1) Remove two common screws securing the cover to the module can and remove the cover
(figures 5-3 and 5-4).

{2) Remove four mounting screws secuxing the printed circuit board to its can (figures 54
and 5-5).

(3} Disconnect the coaxial cable TA3ATP2 alongside the module plug (figure 5-5).

(4) Disconnect the module plug 1A3AT7P1 by loosening the two connector screws (figure
5-5).

CAUTION

The screws must be loosened evenly fo prevent damage to the connector,

(5) Lift the module straight up and away from the can with as little strain as possible to the
cable and plug.

b. 1A3A7 Module Replacement

{1) Place the module in the can while guiding the rubber grommet which is around the cable
into the slot. Be careful notto put too much strain on the cable and plug (figure 5-5).

{2) Tighten the screws securing the connector and reconnect the coaxial cable (figure 5-5).
{3) Replace the four mounting screws securing the printed circuit to its can (figure 5-5),
{4) Repiace the module cover and screws (figures 5-3 and 5-4).
5.6 1A3A8 BFO and Internal Calibration Module Removzal and Replacement
a. 1A3A6 Module Removal
{1} Remove the module cover (figures 5-3 and 5-4).

{2} Remove two screws. securing the two sandwich-constructed modules to the module can
{figures 54 and 5-6).

(3) Disconnect the module plug 1A3A6F1 by loosening the two screws securing it.

CAUTION

The screws must be loosened evenly to prevent damage to the connector.

{4) Lift the two modules out of the can.
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iTEM NO.

D QO 1 O I Gl ) e

PART NO:

340843
340834

340835

340836

340845

340846

340847

340848

340740

340732

340682
MS51957-3
MS35338-77
103-81125B500HF
MS51957-9
ANS6SD2H2
120-1125GBBAA
MS51957-5

i

DESCRIPTION

RECEIVER CHASSIS ASSEMBLY
LOCAL OSCILLATOR ASSEMBLY
RF AMPLIFIER ASSEMBLY
ANTENNA MATCHING ASSEMBLY
MIXER, IF ASSEMBLY

AUDIO ASSEMBLY

BFO & CALIBRATOR ASSEMBLY
COVER ASSEMBLY

COVERJF

COVER,AUDIO

COVER,BFO & CAL.

SCREW

WASHER

SCREW

SCREW

SET SCREW

COLLAR

SCREW

Figure 5-4. RR-224 Receiver Assembly
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1A3A7PI IA3AGPI ASSY IA3AS

Figure 5-5. RR-224 Module Location (hottom view)
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b. 1A3A6 Module Replacement

{1) Place the module in its can and guide the rubber grommet, which is around the cable, in
the slot (figure 5-6).

{2) Connect the module plug 1A3A6P1 and secure it.
{3) Replace the screws securing the module in the can (figures 5-4 and 5-8).
{4) Replace the module cover and the screws (figure 5-4).

8.7 1A3AS8 Audio Amplifier and AGC Module Removal and Replacement

a. 1A3A8 Module Removal
(1) Remove the module cover (figure 5-7).
(2) Remove two screws securing the module to the can (figures 5-4 and 5-8).

(3) Disconnect the module plug by loosening the two securing screws (figure 5-7).

CAUTION

The screws must be loosened evenly to prevent damage to the connecter,

(4} Lift themodule out of the can.
b. 1A3A8 Module Replacement

(1) Place the module in the can and guide the rubber grommet, which is around the cable,
into the slot (figures 5-4 and 5-8).

{2} Position the module plug and secure it to the jack (figures 54 and 5-8).
{3} Replace the screws securing the module to the can {figures 5-4 and 5-8).
{4} Replace the module cover {figure 5-7).

5.8 1A3AZ2 Antenna Maiching Module, 1A3A3 RF Amplifier Module, and 1A 344 Local Oscillator Module
Removal and Replacement

Since removal of modules 1A3A2, 1A3A3, and 1A3A4 is identical, only one will be discussed.
a. Module 1A3A2, 1A3A3, or 1A3A4 Removal
(1} Position the receiver readout dial in BAND 1.
(2) Remcve the tuner cover (fa;gures 5-4 and 5-9).

{3} With a common screwdriver carefully pry up the lower edge of the module (from the
slots on the side of the can) until it is free of its mating connector and the gear train,

5-3-



BFO AND
CALIBRATOR IAZABLI
1A3A8

o—

S

——

IF AMPLIFIER BFO AND CAL
|A3ATPI CONNECTOR IA3AEP!
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Figure 5-7. RR-224 Module Location (top side view)
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b. Gear Assembly Removal and Replacement

Since the removal of the gear assemblies 1A3AZA2, 1A3A3A2, and 1A3A4A2 is identical, only
one will be discussed.

{1} To remove the gear assembly, remove the self-locking nut and washer and slide it off the
shaft (figures 4-1 and 4-2).

{2) To replace the gear assembly, place it on the shaft and replace the washer and
self-locking nut. Be sure that the brass bushing is in place on the shaft before replacing
the gear assembly. Tighten the self-locking nut until there is a slight drag on the
assembly when it is turned.

¢. Module 1A38A2, 1A3A3,1A344 Replacement

(1) Line up the mark on the gear face with the mark on the cireuit board (figure 5-10),
being sure that the wheel has detented properly.

{2) Rotate the gear one tooth away from the mark toward the notched side of the board
When the board is inserted, the meshing of the wheel and drive gear will causeé an
approximate one-footh rotation of the wheel in a’direciion away from the front of the
receiver.,

{3) Having made sure the board is plugging into the proper location, hold the wheel in the
correct position (paragraph 5.8¢(1)) and gently push the board into place.

{4} Check that the marks on the wheel and board line up correcily. If they do not, extract
the card and repeat the above steps.

(5} Once the boards correctly align, replace the tuner cover {figures 5-4 and 53-8).

5,9 "Interwiring Board 1A3A1 Removal and Replacement

a. 1A8A1 Removal
{1} Remove the two screws securing the board o the receiver (figures 5-4 and 5-11).
(2} Unsolder and tag the wires going to the board.

b. 1A3A1 Replacement
{1} Solder the previously tagged wires to the board.

(2) Replace the board on the receiver being sure that the actuator on microswitch S1isin
the notch on the cam, gear assembly {36} (figure 5-11}.

{3) Replace the two screws that secure the board to the receiver.

{4} Rotate the receiver bandswitch while checking switch S1 contacts with a VOM meter.
The switch should activate between bands to mute the receiver. If adjustment is
necessary, loosen the two screws securing the board {figure 5-11) and adjust the board
for proper action. ’



INTERWIRING BOARD BAND SWITCH
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Figure 5-10. RR-224 Tuner
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5,10 Removal and Replacement of Receiver Tape Readout

a. Removal of Tape Readout

(1)

2)

(3)
(4)
(5)

(6}

{7)

8)

(9)

NOTE
IMPORTANT: Read instructions completely before starting,

Before removing the receiver from the front panel, accurately set the dial to 2 MHz in
BAND 1 using the built in calibrator.

Remove the receiver fxom the front panel, being very careful not to disturb the vernier
dial setting or the receiver TUNE control. See paragraph 5.4.

Position the receiver so that the front is facing up.
Locate the crown gear (11) that is connected to the tape readout drive shaft ().

There are two set screws {50} on the crown gear (11). One set screw should be at the top
of the crown gear and the other should be on the left. Rotate the receiver tune shaft
counterclockwise until the set screw, that was on the left, is on top; then loasen. Again
rotate the tune shaft, this time clockwise, so that the second set screw is now on top and
2 MHz on the fape readout is positioned correctly; then loosen. Push the crown gear
{11} away from the tune shaft gear {51). Do not allow the tune shaft to rotate or the
two gears to mesh.

Remaove the two tape readout guides (12).

Remove the vernier dial (17) by sliding it out the end where the guides (12) were
attached.

Remove the pin {17) from the spool {13) at the end opposite that of the receiver tune
shaft. Remove the spool by rotating it outward while holding the tape on the spool.

Gently pull the tape out from the left side, being very careful not to allow the crown
gear {11} to mesh with the drive gear {51).

b. Replacement of Tape Readout (figure 5-11)

(1)
(2}
3)

4)

(€)

Replace spool {13) and pin (14) on the left side of the receiver.

Roll the tape {186) so that the high frequency numbers are on the cutside of the roll.
Carefully feed the end of the tape vnder the fape spacer (22), making sure the holes in
the edge of the tape are toward that side of the receiver where the audio module is
mounted. Allow the tape to curl around the spool. Permit an inch or so of tape to
extend as a “iab”.

Bring the tapz tab up and over the fape spacer (22) and carefully feed it under the mask
assembly (19) through to the other side and let it curl around the spool (13) on the left
side of the receiver. Be careful not to allow the crown gear and drive gear to mesh.

Replace the vernier dial and adjust it to the midpeint position.

Replace the two tape guides (12).

517



(7

(8)

9

(10)

(11)
(12)

Push the tape through until the 2 MHz reading on the tape corresponds to the center
marking on the vernier dial, where it is in its midposition. Be careful that the crown gear
and drive gear do not mesh.

Turn the crown gear (11}, without meshing with the drive gear {31), until one of the set
screws is on top and the other is on the left.

‘Mesh the crown gear (11) with the drive gear {51) and txghten the top set screw. Rotate
‘the tune shaft counterclockwise until the second set screw is on: top, then tighten.

Check the back lash between the crown gear (11) and the drive gear (51) If back lash is
excessive, adjust the set screw (50), located in the spanner nut (7).

Replace receiver on front panel {see paragraph 5.4).

Check receiver calibration at 2 MHz and 3.7 MHz. Be sure that the frequencies are
within the range of the vemier dial fxavel.

5.11 Receiver Tuning Capacitor Removal and Replacement (See figure 5-10)

CAUTION

Read completely before starting procedure.

a. Receiver Tuning Capacitor Removal

(1)
(2)
(3

(9}

10)

(11

(12)

Pollow procedure for tape readout removal paragraph 5.10b, (5) through (9).
Remove the IF module; see paragraph 5.5.

Remove the IF mixer can by removing the four screws (42).

Remove the audio module; see paragraph 5.7.

Remove the audio module can {39) by removing the three SCrews.

Remove the calibrator, BFO module; see paragraph 5.6.

Remeove the receiver interwiring board (35); see paragraph 5.4.

Locate the three coaxial cables going to the tuning capacitor (2) and unsoider from the
capacitor.

Remove the two screws from the pressure plate {15) and slip the pressure plate from
under the mask assembly (19). Rotate the mask assembly away from the receiver,

Remove the screw holding upper vernier guide (18) and slip the guide from under the
mask assembly (19).

Tum the receiver so that the front is facing up. Locate the three screws (45, 46) on the
receiver mount (1) and lcosen.

Rotate the receiver forward so that the front of the receiver is facing you. Place so that
the audio module can is up. Carefully pull the capacitor (2) and the bracket (3) away
from you until the capacitor just overhangs the back of the receiver. Rotate the bracket
(3} 180 degrees away from you. Remove the capacitor.

5-18




b, Receiver Tuning Capacitor Replacement

1)

{2)

(3}
(4)
(8}

(6)

N

(8)
(9}
(10}

(11)
(12)
(13)
{(14)
(15)
(16)

CAUTION
Read completely before starting procedure.

Hold the receiver capacitor so that the gears are visible. Tirn the tuning knob until the
scribe mark on the large gear matches exactly with the scribe mark on the flange of the
capacitor when the capacitor is toward maximum capacitance (full mesh).

With the bracket {3} rotated, as in paragraph 5.11b {12), place capaciior on the RF
tuner can. Rotate the bracket (3) 180 degrees foward you. Move both the bracket and
the capacitor toward you, being careful not to furn the capacitor shait.

Replace the three screws that hold the capacitor and bracket to the receiver mount (1},
Turmn the receiver so that the front is facing vp.

Put the mask (19) in place over the front on the receiver and replace the vernier guide
(18). Replace pressure plate (15),

Temporarly install the vernier dial (17). Adjust the mask (19) by removing the vemnier
dial and upper vernier guide until the markings on the vernier dial can be seen when the
band switch is in any one of its four positions.

Remove vernier dial. Replace readout tape, paragraph 5.11%b, (1) through (10). Note that
the scribe lines on the capacitor, paragraph 5,11b{l) represent 2 MHz on the tape

" readout,

Replace receiver interwiring board; see paragraph 5.4.

Salder the three coaxial cables, that came from the tuner parent board, to the capacitor.

Replace the audio module can {39) with its three screws. Use care with the wire harness
routing.

Replace audio module; see paragraph 5.7.

Replace IF mixer module can {38).

Replace IF mixer module; see paragraph 5.5.
Replace calibrator BFO module; see paragraph 5.6.
Replace receiver on front panel; see paragraph 5.4.

Check the receiver calibration at 2 MHz and at 3.7 MHz to be sure that the frequencies
are within the range of the vernier dial movement.

5.12 RT-224 Transmitter {1A4) Hemoval and Replacement

a. 1A4 Removal

{1)

{2}

Remove the transmitter BAND switch knob and FULL TO COARSE TUNE knob and
remove the retaining ring from the PULL TO CCARSE TUNE shaft (figure 5-1).

Remove the TAR:224 case as detailed in paragraph 5.3a.
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(3
(%)
(5)

(8)

Remove six common screws holding the transmitter to the front panel (figure 5-1).
Disconnect RF connector 1A1A2P1 {figure 5-12.)

Reposition the CS-224 to your left and loosen the transmitter connector 1A4P1 (figure
5-13).

Remove the transmitter by lifting straight up {figure 5-3).

b. 1A4 Beplacement

1)
2)

(3}

4
(3}
6}
(7
(8)

Place the front panel face side down.

Place a thin coating of Wakefield thermal compound on that portion of the transmitter
that mates with the front panel.

Place t‘he transmitter onto the front panel making sure the shafts and antenna connector
fit their holes (figure 5-14) and that the Oing is in place on the tune shaft bushing
collar.

Replace 1A4P1,

Reconnect RF connector 1A1A2P1 1o TA4J6 (figure 5-15).

Replace the six screws securing the transmitter to the front panel {figure 5-1).

Réplgce the radio set case as detailed in paragraph 5.3b.

Replace the retaining ring on the TUNE shaft and then replace the knob and replace the
BAND switch knob. ' |

5.13 1A4A7 Low Level Module Removal and Replacement

a. 1A4A7 Module Removal

e
@)
3)
(4)
5)

(6)

Remove 7 screws holding the module cover (13) in place (figures 5-14 and 5-16).
Remove five screws. (20) securing the low level module (figures 5-11 and 5-15).

Remove the nut and washer from the band switch.

Unplug the low level module and remove it and the switch from the bracket.

Carefully unsolder the reflect ALC coax, the forward ALC coax, the receiver spot coax,
coax to 1A4J6, and the low level module key line. Disconnect the RF sampler control

lines from the band switch,

If the low level board is to be teplaced, unsolder band switch wires at the board.

b, 1A4A7 Mogdule Replacement

(1)
(2)

Connect the band switch wires to the board.

Connect the RF sampler control lines to the band switch.
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Figure 5-12. TAR-224 Front Panel {botiom view}
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LOW LEVEL AND ; tA4U8
KEYER MODULE

Figure 5-15. RT-224 Low Level Module and Keyer Module {shield installed)
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Figure 5-16. RT-224 Low Level Modul# and Keyer Module (shield remaved)
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(3) Connect the key line, the receiver coax and the forward and reflected ALC coaxes.
{4} Replace the module and the switch on the bracket.

(5) Repiace the five screws securing the Jow level module to the transmitter chassis and the
nut and washer on the band switch.

(6} Replace the module cover{(figure 5-16).

5.14 1A4A6 Keyer Module Removal and Replacement

a. 1A4A6 Module Removal

{1) Remove seven screws (20) holding the module cover (13) in place {figures 5-14 and
5-15).

(2} Remove three screws securing the module to the transmitter chassis (figures 5-14 and
5-15).

{8} Tilt the module away from the chassis fo service or unsolder and tag the 10 wires
connected to the module (figure 5-18). :

b. 1A4A6 Module Replacement
(1) Resolder the 10 tagged wires removed iy the previous paragraph.

{2) Position the module on the chassis and replace the three screws securing it fo the
transmitter chassis (figures 5-14 and 5-13).

{8) Replace the module cover (figures 5-14 and 5-15].

5,15 1A4AZ R¥ Sampler Module, 1A4A3 Motor Contrel Module, 1A4A4 Motor Control Module, and
1A4A5 Modulator Module BEemoval and Replacement {Refer to figure 5-14)

2. Removal. The removal of modules 1A4A2, 144A3, 1A4A4, and 1A4AS5 is identical, except for
the RF sampler module 144A2 (figure 5-17). Access to the module is gained by removing the fwo scraws
and the cover and pulling the modules out of the parent board 1A4A9 for servicing or replacement. When
removing the RF sampler moedule 1A4A2, the two wires for the RF input and RF output musi be
unsoldered beiore the module can be-remaoved (figuxe 5-17).

b. Replacement. The replacement of modules 1A4A2, 14443, 1A4A4 and 1A4AB is identical
except for module 1A4A2. The modules are placed over the guide pins and pushed down to mate with the
parent board connector (figures 5-14 and 5-17). Module 1A4A2 is inserted in the same manner but the two
wires, RF input and RF output, must be resoldered (figure 5-17). After replacing all the modules, the cover
{10) and the two screws are replaced.

5.16 Antennu Tuning Module 144A1 Removal and Replacement (Refer to figure 5-14)

2. Antenna Tuning Module Removal
11) Remove the two screws securing the cover (18} (figure 5-14).
(2} Unsolder the RF input and output wirgs.

{3) Remove the four screws {26) securing the board {19} to the can (18).

(4) Unsolder the d-c output wire,
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Figure 5-17. RT-224 Module Location (bottom view}
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b. Antenna Tuning Module Replacement {Refer to figure 5-14)
{1} Solder the d-c output wire to t‘neboa:d {19).
{2) Replace the board and the four screws in the module can (18),
{3} Resoclder the RF input and cutput wires.
{4) Replace the cover {19) and iis two screws.
(5) Replace the matching network shield (15).

5.17 Antenna Matching Nei:work Removal and Replacement (Refer to figure 5-14)

a. Parts Removal

{1} Removeantenna matching network shield (15).

{2) Variable inducior yemoval.
(a) Remove the antenna funing module {see pméaph 5.18a).
{t) Remove the antenna tuning module can {18}.
(¢) Unsolder and tag the three wires from the microswitches on the inductor (3).
(d) Unsolder wire to the variable capacitor.
(e) Remove the four retaining screws (27).

(f}  Carefully lift the inductor up and unsolder the wire connection behind the
inductor.

{3) Variable capacitor removal.
{a) DUnsolder the connection to the variable inductot.
{b) Remove the three retaining screws.
(¢}  Lift the capacitor out.
{4) Motor removal,
(a)  Unsolderand teg the red and black wires on the motor reversing relay (39).
{b) Remove the motor reversing relay (39).

(c) Remove the variable inductor and the varizble capacitor: See paragraph 5.17a, (2)
and (3).

{d} Remove the four flat head screws holding the mounting plate (29) o the heat
sink (1) and remove the plate. Check the location of the gear train for future
reference. :

{e) Remove the three flat head screws holding the moter {o the mounting plate.
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b. Parts Replacement

(1) Motor replacement.

(2

(a}
(b)

(c)
{d)

Connect the motor to the mounting plate (29) with three flat head screws.

Replace the mounting plate (29) on the Heat sink (1) with four flat head screws.
Be sure the gear train and guide pins are properly in place.

Replace the motor reversing relay (39).

Connect motor wires to the motor reversing relay (38},

Variable capacitor replacement.

(a)

()

(c)

Place the capacitor (2) with its gear down into its proper position, making sure
the gears mesh properly.

Replace the three retaining serews. The screw that is-connected to the rotor tab is
2 nylon screw and has a solder lug under it

Connect the rotor to the connection point on the variable inductor (3).

NOTE

If variable inductor has also been removed, step (¢} must be performed after the variable
inductor is replaced.

(3) Variable inductor replacement {3).

()

(b)

(¢)
@
(&)

Connect the RF line from the RF sampler to the connection point in the rear of
the variable inductor (3).

Position the variable inductor (3) on the mounting plate {29) and repiace the four
retaining screws, being sure that the guide pins are in the proper place.

Connect the wire going to the variable capacifor rotor.
Replace antenna tuning module (see paragraph 5.16hb).

Connect the three wires to the microswitches.

5.18 Parent Board 1A4A9 Removal and Replacement

a. Rermoval

{1)
(2}
(3)
(4)

Remove cover from modules 1A4A2, 1A4A3, 1A4A4, and 1A4AS5 (figure 5-17).

Remove modules 1A4A2, 1A4A3, 1A4A4, and 1A4A5 as outlined in paragraph 5.15a.

Remove fout screws securing the parent board to the chassis.

Tilt the module up and rotate it 180 degrees away from the transmitter for servicing, or
tilt it out and unsodder and tag the wires for removal.




b. Replacement

(1} Eesolder all wires removed in the removal procedure and position the parent board in
the chassis.

{2) Replace four screws securing the parent board ta the chassis.
{3) Replace modules 1A4A2, 1A4A3, 1A4A4, and 1A4A5 as outlined in paragraph 5.13b.
{4) Replace the cover.

5.19 Driver-Final Section Shield Removal and Replacement

2. Removal

(1)} Reference paragraph 5.18 for the removal of 1A4A9. Do not unsolder the board wiring.
Rotate the parent board, 1A4A9 180 degrees.

{2} Remove the four serews holding the shield in place.
(3) Gently remeve shield,
b. Replicement
(1) Place the shield on the heat sink making sure the output wires fit in the slots provided.
{2} Replace the four retaining screws.
{3}y Replace 1A4A9 per paragraph 5.18b.

5.20 Battery Protection Circuit 1A1A1 Parts Removal and Replacement (Refer to figures 5-12 and 5-18)

a. Removal

(1) Remove the case (see paragraph 5.3a).

{2) Remove the receiver (see paragraph 5.4a).

{3} Remove the two screws and board from the panel.

(4) Unsolder the necessary parts from the terminals of the batfery protection circuit (1).
h. Replacement

{1) Replace the parts in proper place and solder.

(2) Replace boa:d and the two screws,

5.21 VFO Coupler 1A1A2 (Part of Crystal Switch Assembly} Removal and Replacement (Refer to figuras
5-12 and 5-18)

a. Removal
(1} Remove the case (paragraph 5.3a).

(2) Remove transmitter {paragraph 5.12a).

5-30



ITEM NO. PART NO.
1 340450
2 M835214-2
3 AN960-C2
4 340944-1
5 MS35214-12
6 MS53533840
7 340715
3 73AN505-2R3
9 4535206-202
10 MS35338-39
1l 23MS35649-242
12 MS3533841
13 MS51021-9
i4 340038
15 1SX1-T
16 340939
17 340610
18 MS$35206-206
19 340938
20 340717
21 377008
22 M§20003

DESCRIPTION

BATTERY, PROTECT CIR,
SCREW

WASHER, FLAT

BRACKET, RELAY ASSEMBLY
SCREW

WASHER, SPLIT
STRAP

SCREW

SCREW

WASHER, SPLIT

NUT

WASHER, SPLIT
SCREW

CRYSTAL SWITCH ASSEMBLY
SWITCH

SPRING

CLIP, CRYSTAL
SCREW

ACTUATOR

HOLDER INDICATOR
SPRING, BUOSTER
INDICATOR

Figure 5-18. Back Panel Assembly
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(3)
(4)
(5)

(6)

Remove the two wires going to the crystal socket.
Remove two screws (§) holding the VFO coupler koard (14) to the front panel.

Remove two screws holding the switch (18) to the crystal socket and remove actuator
spring {16), actuator {19), and switch (15).

Remoye the board and unsolder and tag the five remaining wires.

b. Replacement

1)

4)
(5)
(6)

Solder the previously tagged wires to the board.
Replace the board using the twa screws (3),

Replace the switch (15), the actuator {(19), the spring (16), and the two screws (18). Be
sure that the switch is adjusted for proper actuation when a crystal is inserted in the
crystal socket,

Resolder the wires coming from the crystal socket.
Replace the transmitter {paragraph 5.12b).
Replace the case (paregraph 5.3b).

5.22 Relay Mounting Bracket 1A1 A3 Parts Removal and Replacement (Refer to figure 5-18)

a. Access to Relay Moﬁnting Bracket

(1)
(2)

Remove case {paragraph 5.3a).
Remaove receiver from front panel (paragraph 5.4a).

b. Parts (other than relays) Rernoval and Keplacement

(1)

2)

Removal.,

(a) Referring to the receiver side of the relay mounting bracket (4), locate the part to
be replaced.

{b) Unsolder and remove part.
Replacement.

() Replace part and solder.

(b) Repiace the receiver {paragraph 5.4b).
{¢) Replace the case (paragraph 5.3b),

¢. Relay Rewioval and Replacement

1

2)

Removal.

{a) Remove the transmitter {(paragraph 5.12a).

{b) Remove the shree screws and rotate the bracket 90 degrees into the receiver area.
(¢} Unsolder and tag the wire to the appropriate relay.

{d) TRemove the four screws (9,18) that hold the relay shield {7) to the bracket {(4).
(e) Remove the two nuts and washers (11,12) that hold the relay to the bracket.
Replacement.

(8) Replace relay and mount it to the bracket (4) using two nuts and washers (11,12).
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{b) Replace relay shield (7) to the bracket with four screws (3,18),
{c} Resolder the previously tagged wires to the relay.

{d}  Mount the bracket (4} to the front panel using the three screws.
{e)  Replace transmitter {paragraph 5.12b).

{f}  Replace receiver (paragraph 5.4b).

{g) Replace case (paragraph 5.3b).

5.23 Dessicant Removal and Replacement. (Refer to figures 5-2 and 5-18}.

a. Access to Dessicant.
(1} Remove case (paragraph 5.3a).
k. Dessicant Indicator,
{1} A pink 30 circle indjcates that the dessicant will soon require replacement.
{2) A pink 40 circle indicates that the dessicant requires replacement.
{3} A pink B0 circle indicates that the dessicant indicator requires replacement.

(4) Overlap of the circles indicates that the equipment requires examination for humidity
damage,

¢. Dessicant Indicator Removal {figure 5-18).
(1} Remove screw and washers.
{(2) Remove indicator holder (20).
{3) Remove indicator (22) from holder.
d. Dessicant Indicator Replacement,
{1} Replace indicator in holder.
{2} Mount indicator and holder using the screw and washers.
e. Dessicant Removal (figure 5-2).
{1} Remove screw and washers.
{Z)} Remove dessicant holder {21).
{3} Remove dessicant {20).
f. Dessicant Replacement.
(1) Replace dessicant.
(2) Mount dessicant holder over the dessicant using screw and washer.

{3} Replace the case {paragraph 5.3b).
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CHAPTER 6

TAR-224 RADIO MAINTENANCE

6.1 Scope
This section provides maintenance and froubleshooting procedures for various circuit operations of Radio
8et TAR-224 units and sections. Procedures in this section require an oscilloscope {Tektronix Model 561 or
equivalent) and a standard vacuum tube voltmeter having a 10 percent tolerance.
CAUTION

When using an ohmmmeter, care should be taken since the voltage of the ochmmeter may

cause darmage to the txansistors.
When troubleshooting the TAR-224, it is necessary to use the diagrams {figures 3-1 through 3-7) for the
location of electrical parts and points of adjustment.

NOTE
All voltages, unless otherwise noted, are referenced to ground.

8.2 Receiver Maintenance

No troubleshooting of the tuner section {local) oscillator, RF Amplifier and Antenna Matching Neiwork,
will be given because of the inaccessibility of voltage and other mezsurement points in this section. Refer to
figures 3-1 through 3-4 for location of the receiver electrical components.

6.3 1F Amplifier Section

Use table 6-1 when checking the equipment and when troubléshooting. This table contains the voltages that
should be obtairied, within reasonable limits, in the IF Amplifjer section. Figure 6-1 shows component
location.

TABLE 6-1. 1F AMPLIFIER 1A3A7 DC VOLTAGES

{Conditions: +8V AGC on pin M of plug 1A3ATPL}

Transistor Vg VE Vo
Q1 .7 1.3 3.0
Q2 0.8 1.3 3.0
Q3 1.8 2.5 3.4
Q4 1.5 1.8 34
Q5 2.2 2.4 1.5
Q86 i %y 2.2 3.5
QT 2.2 2.3 1.8
Q8 0.4 1.0 3.6
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Figure 8-1. IF Amplifier Module
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8.4 BFO and Calibrator Section

Use tables 6-2 and 6-3 when checking the equipment and when troubleshooting. Table 6-2 contains the
voltages that should be obfained, within reasonabie limits, from the calibrator board IA3AB6A1. Table 8-3
contains the voltages that should be obtained within reasonable limits, from the BFO board 1A3A6A2.
Figure 4-3 shows component location for both the calibrator board and the BFQ board.

TABLE 6-2. CALIBRATOR BOARD (1A3A8A1)DC VOLTAGES
{Condition: No signal input)

Ve

Transistor Ve Vg
Q1 2.6 32 7
Q2 2.5 2.6 7
TABLE 6-3. BFO BOARD (1A3A6A2) DC VOLTAGES
{Conditions: RCVR switch CAL position, no signal input)
Transistor Vg VB Ve
Q1 1.0 1.1 11.4
Q2 0.0 0.1 2.4

6.5 Audio and AGC Section

Use tzables 6-4 and 8:5 when checking the equipment and when troubleshooting. Table 8-4 contains the
voltages that should be obtained, within reasonzble limits, from the audio board 1A3A8A1. Table 55
contains the voliages that should be obtained, within reasonable limits, from the transistors on the AGC
board 1A3A8A2. Figure 6-2 shows component location for both sudio and AGC bhoards.

TABLE 6-4. AUDIO AMPLIFIER BOARD (1A3A8A1) DC. VOLTAGES
{Conditions: No signal input, RCVR switch CW position}

Transistor Ve vy Ve
Q1 3.4 35 10.8
Q2 2.8 3.3 6.3
Q3 1.9 2.5 5.4

TABLE 68-5. AGC BOARD (1A3A8A2) DC VOLTAGES
{Conditions: No signal input, RCVR switch CW position}

Transistor Vg VR Ve
Q1 0.0 0.1 10.7
Q2 0.0 0.01 9.4
Q3 0.1 0.0 107
Q4 1.9 2.2 7.6
Q5 3. 3.2 10.5
QB 1.0 2.4 15.6
Q7 1.0 1.7 10.5
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Figure 6-2. AGC Board and Audio Board
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6.6 Transmitter Mainienance (Figure 6-3)

Refer to the following figures for location of electrical components. Figure 3-6 is a schematic diagram of
the transmitter, figure 3-3 is a schematic diagram of the front panel, figure 3-7 is an interconnecting wiring
diagram of the fransmitter, and figure 3-5 is a block diagram of the transmitter. A list of troubles that may
oceur and their possiblé causes are listed in the following paragraphs.
a. Matching network tunes to end; no power ocutput, no meter deflection.
Pr.obable cause:
{I) Blown fuse 1A1F1 (figure 5-12}.
{2) Faulty mofor relay 144K2 (39) {figure 5-14).
(3) Faulty MIN or MAX switch 1A4A881 (48) or 1A4A882 (48) (figure 5-14).
{4) Faulty motor control board no, 2 1A4A4 (figure 4-5).
b, Matching network continuously searches when connected ic 50-chm load.
Probable cause: Faulty motor control board no. 1 144A8 {figure 4-5).
c. Matching network will not initiate fune eycle.
Probable cause:
(1} Faulty Zener dicde 1A4A3CR1 on motor control board no. 1 1A4A3 (figure 4.5).
{2) Broken lead between relay hine and motor control board no. 2 1A4A4 (figure 3-7}.
{3) No tune signal at pin- 8 of 1A4A4.
d. Power outl on hand key normal, no power cut on mike key.
Probable cause:
{1) Bad microphone switch.
{2) Broken wire.
2. No.modulation.
Probable cause:
(1) Faulty modulator relay 1A4K1 {{igure 5-13}.
(2) Faulty modulator transistor 1A4Q5 located under variable inductor tumns indicator.
f. No meter indication on tune up.
Probable cause:
(1) Faulty meter 1AIM1 (figure 5-1}.

{2) Paulty resistor 1A4A1RS5, 1A4A1R6, or IA4ALRT.
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CAPACITOR MODULE MODULF

Figure 6-3. Antenna Matching Module Location
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g. Nosidetone,
Probable cause:
{1) Faulty diode 1A446CR4 (figure 5-16).
{2} Faulty transistor 1A4A6Q5 {figure 5.186).
h. No transmitter spot.
Probable cause:
{1} Faulty switch 1A183-3.
{2} Broken wire,
i. Over modulation or low peak power oufput.
Probable cause:
(1) Faulty dicde 154A5CR1 (figure 4-5).
{2) Faulty transistor 1A4ASQE (figure 4-5),
{3) Faulty component in associated circuiiry of (1) and (2) above.
NOTE
The value of resisior 1A4ABR20 sets the carrier level in the modulation mode to
between B to T watts, If this is not set properly (para 3.6.4), incorrect modulation could
oceur,

Squeal in transmitted signal.

L)
¥

Probabie cause:
(1) Faulty B+,
{2) Faulty filter capacitor 1A4C1 or C4 in heat sink.
{8} Faulty capacitor 1A4A7C14 (figure 5-16}.

k. Low power.output.

Probable cause:
(1) Faulty final driver (figure 6-1).
(2} Misalignment (paragraph 4.11 and 4.12),
(3} Faulty plated through-hole on capacitor 1A4A7C18 (figure 5-16).
{4) Faulty transmitter BAND switch {figure 5.1). |

{5) Low gain transistor in low level module.



1. Blown fuse.
Probable cause:
{1} Shoried final transistor (figure 6-1); see step m.
{2) B+ shorted to ground.

(3} Transistor iA4Q5 collector shorted to ground located under variable inductor turns
indicator,

m. Shorted finals.
Probable cause:

(1} Faulty transistors 1A4ATQS, 1A4A7Q6, or 1A4ATQ11 in low level module {figure
5-18).

{2) ALC lines crossed or not connected atall.

(3} Open inductors 1A4A2L1, 1A4A2L2, 1A4A2L3, or 1A4A2L4 on the RF sampler
(figure 4-5}.

n. Prematurely dead battery.

Probable canse: Shorted battery lines on front panel,

CAUTION

1l

1f any short condition is noted on the battery lines, the batfery should be removed
immediately to prevent darage.
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CHAPTER 7

(8-224 CIRCUIT DESCRIPTION AND MAINTENANCE

7.1 Generl

The C8-224 comprises a wideband Pierce tvpe oscillator and a switched band of 30 CR-78/U crystals or 20
CR-78/U and 10 CR-89/U crystals. The frequency range of the CS-224 is 2 to 12 MHz.

7.2 Cireuit Description

The schernatic diagram for the CS8-224 is shown in figure 7-1. Transistor Q1 is the oscillator operating as a
common emitter amplifier with emitter degenerition by R3. Temperature compensated base bias is
accomplished with R1, R2, and CRI1. Inductor L1 makes the RF impedance of the bias circuit very high,
Feedback is provided by the collector to ground capacitor C8 and the ground to base capacitor C7. The
crystals (Y1 through Y30) and switches (S1 and S2) are arranged in a maitrix fashion on a printed circuit
board to minimize stray capacitance and inductance. Any one of the 30 crystals can.be connected across
the oscillator input terminals by setting 81 and S2 to the proper positions. Stray capacitance forms a part
of the required patallel resonating capacitance. A means of trimming the capacitance associated with two af:
the rows to match that of the third is provided Ly Cl1, C2, and C3. The crystal selected by the switch
positions performs as an inductor at resonance and is connected across the oscillator input. The crystal’s
resonating capacitance is made up of stray capacitance across the crystal terminals and the combination of
C5-in series with the eguivalent capacitance of the remainder of the circuit, Because of the large numberof
components and stray paths connected to the oscillator amplifier terminals, conditions for oscillation via
stray reactance are met (with the crystal socket empty) at 400 kHz. Accordingly, C4 and L2 form afrap
that decreases the gain of the cscillator in this undesired frequency range without degrading its 2 to 12 MHz
performance. Inductor L3 provides d-c current for the collector of Q1 and base bias for Q2 via divider
resistors R4 and R5. At the same time, a high RF impedance is presented at the collector of Q1 to keep the
circuit @ high. Emitter follower Q2 is biased to allow a maximum signal amplitude of 10 volts peak-to-peak
before severe distortion oceurs. Transistor Q2 provides a low output impedance (less than 100 ohms), and is
capable of driving capacitive loads because of the action of L4 in discharging the capacitance on the
negative half cycle. The C8-224 is able ta drive the RT-224 through 2t least 20 inches of RG-178/U coaxial
cable without excessive signal loss or distortion. RF bypass is provided by CS.

‘1.8 Crystal Replacement

The C8-224 circuit board has pin sockets for the CR-88/U and CR-78/U crystals. To replace a crystal, use
long nose pliers and pull it straight out of the circuit board and insert the new crystal in the reverse manner.
If replacement of a crystal changes the total pumber of crystals in any or all the rows, it may be necessary
to perform the alignment procedure (paragraph 7.4).

7.4 Osciliator Alignment

The oscillator alignment should be performed on all new units prior to installation in the BS:224. Also the
oscillator should be aligned when the tofal number of crystals changes from the last adjustment or new
crystals are installed.

a. Test Equipment Required. The following is a list of test eguipment required to perform the
alignment:

(1) Digital frequency counter (Hewlett-Packard HP 524D, or equivalent)
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(7} Disconnect the test equipment and replace the round raps on the variable capacitors and
record the crystal alignments on the chart.

7.5 Maintenance

a, If the oscillator functions, but one of the crystal positions does not result in oscillation, the
following procedure should be performed:

(1) Test the crystal in several other sockets; if the unit still does not oscillate, the crystal is
probably defective.

(2) If the CS-224 operates with the. suspected crystal in other sockets, check the faulty
position for bad socket pins, broken solder connections, or dirty selector switch
contacts.

b. If the €5-224 does not function at all, check the transistor terminal voltages as shown in Table

7-1.
TABLE 7-1. CS-224 TRANSISTOR TERMINAL VOLTAGES
Transistor Vo . VB : VE
| R1 12 1.7 1.1
Q2 12 6.3 5.7

If the measured d-c voltages are not within * 20 percent of the above values, remove the transistor involved
anid measure the base voltage again. If the base voltage is not as indicated above, any of the base circuitry
components may be defective. Disconnect the power supply and use an ohmmeter to check the circuit.

¢. It is possible the crystal matrix connection across the oscillator input terminals is faulty. With the
power supply disconnected, use an chmmeter to check continuity from the switch side of C5 to the crystal
sockat pin selected by the switches. Then check continuity from the crysial socket common pin to the base
of transistor Q1.

7.6 C8-224 Disassembly and Assembly

Most repairs can be accomplished on the C8-224 by performing the following procedures in the order given:
a. Boardand Front Panel Assembly Removal
{1} Remove four mounting screws ang lift the case cover clear of the case (figure 7-2}.
{2} Detach the case ground wire at the rear of the case.
(3} Remove the four standoff-mounting screws that secure the board to the case.
{4} Remove the four front panel mounting screws that secure the front panel to the case.

{5) The board and front panel assembly can be lifted from the cdse and tilted up for
maintenance.

b. Front Panel Removal
(1} Remave the ground wire at the rear of the front panel.

(2) Remove the switch knobs, mounting nuts, and spacers,

T7-4



ITEM NO.

O~ O LA Bl S e

PART NO,

340562
3405631
340566

340569
J31-30375CFLH

J39-1F0638CMCLH

23M524693-52
3407721

DEM SWIP
MS831957-12
M851957-1
MS35337-77
1102-0}
MS35337-78
M835649-244
M535335-57
340593
DM-53741-5000
M851963-9

DESCRIPTION

CHASSIS
PANEL, FRONT

COVER ASSEMBLY
PC BOARD ASSEMBLY

STANDOFF
STANDOFF
SCREW
SCREW, SEAL
PLUG
SCREW

SCREW
LOCKXWASHER, SPLIT

LOCKWASHER
LOCKWASHER
HEX NUT
LOCKWASHER
KNOB

CONNECTCR, COAX

SET SCREW

3

14
15
I8

Figure 7-2. C8-224 Crystal Selector
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{3} Remove the front panel from the circuit board,
c. Connector P1 Removal

(1} Tilt the board in the chassis so the solder connections at P1 are accessible.

CAUTION

Do not put any unnecessary strain on wires connected between the board and connector.

{2) Unsoider and tag the five wires connected to the plug {(P1}.
3. Board Installation in Case
{1) Place the board in the chassis with the tagged wires accessible.
(2) Soider the tagged wires to the connector.
(3) Position the board properly in the case.
e. Front Panel Installation

(1) Carefully place the front panel over the switch shafts and replace the spacers, washers,
and nuts,

{2) Connect the ground wire to the rear of the front panel.
f. Board and Front Panel Assembly Installation
{1} Replace the four front panel mounting screws to secure the front panel to the case,
{2} Replace the case ground wire at the rear of the case.
{3} Replace the four standoff-mounting screws to secure the board fo the case.

{4) Place the case cover in position and replace the four screws to secure the cover to the
case.
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