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Guarant and Installati n R ¢ rd NAVSHIPS 91457(A) FRONT MATTER
AN/FRT-5A

GUARANTEE

The equipment, including all parts and spare parts, except vacuum tubes, batteries, rubber and material not-
mally consumed in operation, is guaranteed for a period of one year from the date of delivery of the equipment to
and acceptance by the Government with the understanding that all such items found to be defective as to material,
workmanship or manufacture will be repaired or replaced, f. o. b. any point within the continental limits of the
United States designated by the Government, without delay and at no expense to the Government; provided that
such guarantee will not obligate the Contractor to make repair or replacement of any such defective items unless
the defect appears within the aforementioned period and the Contractor is notified thereof in writing within a
reasonable time and the defect is not the result of normal expected shelf life deterioration.

To the extent the equipment, including all parts and spare parts, as defined above, is of the Contractor’s de-
sign or is of a design selected by the Contractor, it is also guaranteed, subject to the foregoing conditions, against
defects in design with the understanding that if ten percent (10%;) or more of any such said item, but not less
than two of any such item, of the total quantity comprising such item furnished under the contract, are found to
be defective as to design, such item will be conclusively presumed to be of defective design and subject to one
hundred percent (1009 ) correction or replacement by a suitably redesigned item.

All such defective items will be subject to ultimate return to the Contractor. In view of the fact that normal
activities of the Naval Service may result in the use of equipment in such remote portions of the world or under
such conditions as to preclude the return of the defective items for repair or replacement without jeopardizing
the integrity of Naval communications, the exigencies of the Service, therefore, may necessitate expeditious repair
of such items in order to prevent extended interruption of communications. In such cases the return of the defective
items for examination by the Contractor prior to repair or replacement will not be mandatory. The report of a
responsible authority, including details of the conditions surrounding the failure, will be acceptable as a basis
for affecting expeditious adjustment under the provisions of this contractual guarantee.

The above one year period will not include any portion of time the equipment fails to perform satisfactorily
due to any defects, and any items repaired or replaced by the Contractor will be guaranteed anew under this
provision.

INSTALLATION RECORD

Contract Number NObsr-49171 Date of Contract, 24 May 1950

Serial Number of equipment.................. et s e rtrerereeretsranane

Date of acceptance by the Navy.............. e e s

Date of delivery to contract destination............n....... e sheb s e e s a
Date of completion of installation............... rers e restreresenen seassanae
Date placed in service........noncncieveencrucneennne v et e sa e s seaes

Blank spaces on this page shall be filled in at time of installation.
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Miscellan us Data
Safety N tic and Resuscitation

REPORT OF FAILURE

Report of failure of any part of this equipment, during its entire service life, shall be made to the Bureau of
Ships in accordance with current regulations using form NAVSHIPS NBS 383 (revised). The report shall cover
all details of the failure and give the date of installation of the equipment. For procedure in reporting failures see
Chapter 67 of the Bureau of Ships Manual or superseding instructions.

ORDERING PARTS

All requests or requisitions for replacement material should include the following data:
1. Standard Navy stock number or, when ordering from a Marine Corps or Signal Corps supply depot, the

Signal Corps stock number.
2. Name and short description of part.

If the appropriate stock number is not available the following shall be specified:
. Equipment model or type designation, circuit symbol, and item number.

1

2. Name of part and complete description.
3. Manufacturer’s designation.

4. Contractor’s drawing and part number.

5. JAN or Navy type number.

SAFETY NOTICE

The attention of officers and operating personnel is
directed to Chapter 67 of the Bureau of Ships Manual
or superseding instructions on the subject of radio-
safety precautions to be observed.

This equipment employs voltages which are danger-
ous and may be fatal if contacted by operating per-
sonnel. Extreme caution should be exercised when

- working with the equipment.

While every practicable safety precaution has been
incorporated in this equipment, the following rules
must be strictly observed:

KEEP AWAY FROM LIVE CIRCUITS:

Operating personnel must at all times observe all
safety regulations. Do not change tubes or make ad-
justments inside equipment with high voltage supply
on. Under certain conditions dangerous potentials may
exist in circuits with power controls in the off position
due to charges retained by capacitors. To avoid casual-

ties always remove power and discharge and ground
circuits prior to touching them.

DON'T SERVICE OR ADJUST ALONE:

Under no circumstances should any person reach
within or enter the enclosure for the purpose of servic-
ing or adjusting the equipment without the immediate
presence or assistance of another person capable of
rendering aid.

DON‘T TAMPER WITH INTERLOCKS:

Do not depend upon door switches or interlocks
for protection but always shut down motor generators
or other power equipment. Under no circumstances
should any access gate, door, or safety interlock switch
be removed, short-circuited, or tampered with in any
way, by other than authorized maintepance personnel,
nor should reliance be’ placed upon the interlock
switches for removing voltages from the equipment.

RESUSCITATION

AN APPROVED POSTER ILLUSTRATING THE
RULES FOR RESUSCITATION BY THE PRONE
PRESSURE METHOD SHALL BE PROMINENTLY
DISPLAYED IN EACH RADIO, RADAR, OR
SONAR ENCLOSURE. POSTERS MAY BE OB-
TAINED UPON REQUEST TO THE BUREAU OF
MEDICINE AND SURGERY.
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NAVSHIPS 91457(A)
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—/-_h‘—Tf“-"“—

SWENEmE T

POWER CONTROL C-587A/FRT-5

POWER SUPPLY RF UNIT
PP-490A/FRT-5 T-225A/FRT-5

Figure 1—1. Fr ntispiece — Radio Transmitting Set AN/FRT-5A, Major Units

GENERAL

DESCRIPTION

TRANSFORMER TF-122/U

e,
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GENERAL NAVSHIPS 91457(A) Sctin]
DESCRIPTION AN/FRT-5A
TABLE 1-1. EQUIPMENT SUPPLIED
Q-.‘-".ﬁ' OVERALL DIMENSIONS
PER NAME OF UNIT DESIGNATION VOLUME | WEIGHT
E&"ﬁ- Height Width Depth
1 RF Unit T-225A/FRT-5 911, 4653 3714 925 1942
1 Power Supply PP-490A /FRT-5 911, 4653 3714 92.5 1780
1 RF Oscillator 0-92A/FRT-5 SV4 19 12 6.9 15
1 RF Oscillator O-91A/FRT-5 1015 19 1518 1.7 35
1 Frequency Shift Keyer KY-45A/FRT-5 1015 19 1513 1.7 29
1 Power Supply PP-454A /FRT-5 834 19 1514 15 85
1 Power Transformer TF-122/U 18145 3614 1434 5.8 ' 560
1 Power Control C-587A/FRT-5 3814 3014 1414 9.6 273
2 Instruction Book NAVSHIPS 91457(A) 11 815 115 0.061 —_—
TABLE 1-2. EQUIPMENT AND PUBLICATIONS REQUIRED, BUT NOT SUPPLIED
CRQUIPMENT | NAME OF UNIT | NAVY TYPE s CHARACTERISTICS
230-volt line _— Operation of AN/FRT-5A 3-phase, 60-cps

115-volt line

Operation of ovens

Single-phase, 60-cps

NOTE: Unless otherwise stated, all di are in inch volumes in cubic feet and weights in pounds.
TABLE 1-3. SHIPPING DATA
SHIPPING CONTENTS 'OVERALL DIMENSIONS
BOX NO. - - VOLUME | WEIGHT
NAME DESIGNATION Height Width Depth
1 RF Unit T-225A/FRT-5 93 62 59 197.0 3130
2 Power Supply PP-490A/FRT-5 93 62 59 197.0 3150
3 Power Transformer TF-122/U0 47 25 29 20.0 790
4 Power Control C-587A/FRT-5 54 44 24 33.0 496
5 Side Covers (2 units) —_— 85 41 16 33.0 416
6 Top Covers e 48 41 13 15.0 220
7 Capacitors & Xtal Oven —_— 61 26 26 24.0 178
8 Accessories & SSB —_— 40 24 15 9.0 100
Conversion Kit
9 Tubes and Instr. Bks. Tubes per list, & 61 26 26 24.0 158
Navships 91457 (A)
10 Installation Material _— 125 19 13 18.0 236
11 Spare Parts Chest #1 — 18 47 19 9.3 198
12 Spare Parts Chest #2 —_— 18 47 19 9.3 180
13 Spare Parts Chest #3 _— 18 47 19 9.3 110

NOTE: Unless otherwise stated, all dimensions are in inches, volumes in cubic feet and weights in pounds.

ORIGINAL



1 Sctin NAVSHIPS 91457(A) GENERAL
AN/FRT-5A DESCRIPTION

TABLE 1—4. ELECTRON TUBE COMPLEMENT — QUANTITIES OF TUBES USED,
BY TUBE TYPES AND BY MAJOR UNITS

TUBE TYPES

S ®

m 3 .E
UNIT 2 3 ¢ | E,
Olo n 3 [l Bt = ~ EB
AHHEHEEEEEEEEEBEHEEEEEHRIE:
QIX|<|R]| S| S| G| 0|6l 8| B © gl Mg A No|l o] "

RF Unit T-225A/FRT-5 21 511121716 24
Power Supply PP-490A/FRT-5 416 10
RF Oscillator O-92A /FRT-5 1 1 2 4
RF Oscillator O-91A/FRT-5 8 511 |8 41112 2 31
Freq. Shift Keyer KY-45A/FRT-5 11213 2 1 (1f{1]1 12
Power Supply PP-454A/FRT-5 1 3 {2 6
Total Number of Each Type gl2t1lsl1l9o1 16 |4 |12 |2 |2 6l2 1318|7114 [6]3 |2 2 87
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GENERAL
DESCRIPTION

NAVSHIPS 91457(A)
AN/FRT-5A

S ctin |
Paragraph 1

SECTION 1
GENERAL DESCRIPTION

1. PURPOSE.

Radio Transmitting Set AN/FRT-5A, figure 1-1, is
designed for shore-based communication service. The
set is capable of providing an output of 15 kilowatts
of continuous-wave radio-telegraph, frequency-shift-
telegraph, or facsimile transmission on any frequency
from 4.0 to 26.0 mc. The principal function of the
equipment is to efféct communication with reliability
and precision from shore-to-ship or point-to-point. Due
to its high r-f power output, the transmitter is intended
primarily as a means of transmitting intelligence over
long and difficult circuits.

2. BASIC PRINCIPLES OF OPERATION.

Operation of Radio Transmitting Set AN/FRT-5A
is based upon the principle of generating, at an exact
sub-multiple of the desired output frequency, a low
energy radio-frequency signal, then multiplying the
frequency, and amplifying the power of this signal to
produce the desired radio-frequency carrier. This car-
rier is then interrupted, or the frequency shifted, in
accordance with the intelligence to be transmitted. The
resultant radio-frequency energy is then radiated from
a suitable antenna.

The required low energy excitation is derived from
one of two alternate exciter units incorporated within
the transmitter, which may be further augmented
by a frequency-shift keyer. These two units are RF
Oscillator O-91A/FRT-5, which is a stabilized master
oscillator, and RF Oscillator O-92A/FRT-5, which is a
10-channel crystal-controlled oscillator. This low
energy signal is then passed through a buffer stage
and thence into two frequency multiplier stages where
the frequency of the signal is multiplied by a factor of
2, 4, 6, or 8. Following the two multiplier stages, the
signal power is amplified to 15 kw in a power ampli-
fier stage. The intelligence may be superimposed on
the carrier wave in one of two ways, viz, off-on keying
or frequency-shift keying. The former is produced by
interrupting the carrier in the low energy buffer and
Ist multiplier stages. Frequency-shift keying is accom-
plished by passing the signal through a frequency-shift
keyer prior to its entering the buffer amplifier. The
frequency-shift keyer then shifts the carrier frequency a
small amount, linearly with respect to the keying
signal.

ORIGINAL

Protection for operating and maintenance personnel,
as well as protection against equipment damage caused
by overloads or other normal equipment faults, is as
complete as is possible with existing design methods.

3. GENERAL DESCRIPTION OF UNITS.

4. INTRODUCTION. — Radio Transmitting Set
AN/FRT-5A is contained within two handsomely
styled sheet metal cabinets, which bolt together to form
a singte unit, figure 1-2. In addition, there are two
small sheet metal enclosures which house the required
power transformer and the control unit.

Several features, new and unique to equipment of
this power class, have made this a compact yet easily
serviced equipment. A pair of medium power triodes
is used in the power amplifier stage. The anode voltage
requirements of this tube are relatively low, thereby
allowing the use of intermediate voltage rectifier tubes
and smaller-than-usual filter and power supply com-
ponents. The tubes and tank circuit components are
forced air cooled, thereby eliminating the customary
bulky water cooling system.

The externally mounted plate transformer is of the
dry type, air cooled and fully enclosed in a grounded
sheet metal case. Connecting leads are brought in
through grounded conduit and connected internally,
thus eliminating the usual requirement for additional
protective enclosures. The high current primary cir-
cuit is fed directly to the plate transformer through
the external control unit, thereby eliminating the
space and service problems presented by large high
current wiring and control components located within
the main enclosure.

All resonant circuits are continuously variable, motor
driven, and servo positioned, thus eliminating the usual
complication of switching or shorting and awkward
mechanical drives. Servo positioning allows the con-
trols to be grouped at a convenient and logical location
while the resonant circuits are placed where it best
suits the requirements of the electrical circuit and the
mechanical design.

The upper front door of each cabinet has a large
glass window which affords a continuous view of all
of the tubes contained within the bay. The upper front
door itself provides access to all of the tubes within the
bay, as well as some of the adjustment controls not
directly associated with tuning. These doors are hinged
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Figure 1—2. Radio Transmitting Set AN/FRT-5A, Front View

at the top and are counterbalanced for ease of opera-
tion. They are further provided with dual interlocks,
one group electrical and the other mechanical in na-
ture, which remove all dangerous voltages and ground
the high potential circuits as soon as a door is opened.
Status lights, illuminated meters, and the main control
switches are mounted in these upper doors. Identical
interlocks are also provided on the large double rear
doors. All interlocks for all the units are wired in
series so that opening any door immediately removes
the high voltage from the circuits in all of the bays.
The cabinets each have a non-interlocked lower front
door which provides access to the control relays and
timers and several infrequently used controls. The
lower door of each bay also contains a small drop door
which permits access to the control panel for that bay
without opening the lower door.

b. LIST OF UNITS. — Radio Transmitting Set
AN/FRT-5A may be thought of as consisting of the
following major and minor units:

1-2

(1) RF Unit T-225A/FRT-5, which contains:

(a) RF Oscillator O-91A/FRT-5
(b) RF Oscillator O-92A/FRT-5

(¢) Frequency Shift Keyer KY-45A/FRT-5

(d) Power Supply PP-454A/FRT-5
(e) Servo amplifiers

(f) Servo power supply

(g) Patch panel

(bh) Electronic keyer

(Z) Control panel

(j) Buffer amplifier, frequency multipliers,

and driver amplifier
(k) Power amplifier
(1) Coupling network

(2) Power Supply PP-490A/FRT-5, which con-

tains:

(a) Control circuits

(b) Low voltage supply

(¢) High voltage supply
(d) Bias voltage supply

ORIGINAL
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¢. MAJOR AND MINOR UNITS DETAILS. — In
more detail, the major and minor units of Radio
Transmitting Set AN/FRT-5A consist of the fol-
lowing:

(1) RF UNIT T-225A/FRT-5. — RF Unit T-225-
A/FRT-5 is the right-hand one of the two main bays.
It contains, on a special mounting space, the units
described under paragraphs (&), (&), (¢), (d), (e),
(f), and (g) below. This space is a pivoted, double-:

width, 25-inch high standard equipment rack. Pivoting

this rack provides easy access to the rear of all the units
mounted thereon. RF Unit T-225A/FRT-5 contains as
permanent equipment the circuits and units described
under paragraphs (b), (i), (j), (B), (1) and (m).

(2) RF OSCILLATOR O-91A/FRT-5. — (Re-
fer to figure 1-3.) — RF Oscillator O-91A/FRT-5 is
a stabilized variable-frequency oscillator which derives

1104 SET UP - OPERATE 1ot PLATE ON - OFF 1102
SWITCH SWITCH

$i03 S101

£i102

INTERPDLATION MASTER E:02 QuUTPUT

m
[$}

OSCILLATOR OSCILLATOR TUNING
GONTROCL CONTROL CONTRCL
@ ~
L1105 1103
Figure 1—3. RF Oscillator O-91A/FRT-5, Front View

its stability from a 100-kc crystal standard. Utilizing a
permeability tuned oscillator, it provides a frequency
stabilized output in the range of 2-4.5 mc. It is
mounted in the equipment rack which occupies the
lower part of the r-f bay. Refer to table 1-1 for
dimensions.

(b) RF OSCILLATOR O-92A/FRT-5. — (Re-
fer to figure 1-4.) — RF Oscillator O-92A/FRT-5 is
a crystal-controlled 10-channel oscillator. With proper
crystals, the oscillator provides an output frequency of
from 2-4.3 mc. Plate and filament voltages for this unit
are derived from the main transmitter. It is mounted
in the equipment rack of the r-f bay. Refer to table 1-1
for dimensions..

ORIGINAL

NAVSHIPS 91457(A)
AN/FRT-5A

Secti n ]
Paragraph 3 ¢

MIIO}

CRYSTAL SELECTOR
SWITCH  S1102

METER SELECTOR

1 i
1io3 1oz SWITCH Si103

Figure 1—4. RF Oscillator O-92A/FRT-5, Front View

(¢) FREQUENCY SHIFT KEYER KY-45A/-
FRT-5. — (Refer to figure 1-5.) — Frequency Shift
Keyer KY-45A/FRT-5 is used to provide a frequency
shift which is linear with respect to the keying voltage.
In a telegraph system, it causes the transmitter to emit
one frequency for a “mark” signal and another for a
“space” signal. Because of its linearity with respect to
the keying voltage or current, it may also be used for
“photo” and teleprinter transmission. This unit is
mounted in the equipment rack of the r-f bay. Refer
to table 1-1 for dimensions.

Frequency Shift Keyer KY-45A/FRT-5,
Front View

Figure 1-5.

(d) POWER SUPPLY PP-454A/FRT-5. —
(Refer to figure 1-6.) — Power Supply PP-454A/-
FRT-5 is a dual supply furnishing plate and filament
voltages to RF Oscillator O-91A/FRT-5 and Frequency
Shift Keyer KY-45A/FRT-5. It also supplies a regu-
lated bias to the keyer. It is mounted in the equipment
rack of the r-f bay. Refer to table 1-1 for dimensions.

(e) SERVO AMPLIFIERS. — There are six
identical interchangeable, plug-in servo control ampli-
fiers mounted in a common enclosure on the equip-
ment rack in the r-f bay. One of these units is associated
with each of the six tuned servo-positioned circuits in
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RF Unit T-225A/FRT-5. Each contains a voltage ampli-
fier, a relay control tube, and a pair of motor-control
relays.

$1001 SinG3 MO0 jeleiel]

Figur 1—6. Power Supply PP-454A/FRT-5,

Front View

(f) SERVO POWER SUPPLY. — The servo
power supply furnishes voltage to all of the servo
amplifiers, and drive motors located in RF Unit T-225-
A/FRT-5. It is mounted on the lower left side of the
equipment rack, immediately below the servo ampli-
fier unit.

(g) PATCH PANEL. — The remaining unit
in the equipment rack is the patch panel which con-
tains the two oscillator output jacks, the keyer input
and output jacks, the transmitter input jack and several
spare jacks. Three cables with connectors on each end
are supplied with the unit to facilitate setting up any
desired type of excitation and keying.

(b) ELECTRONIC KEYER. — An electronic
keyer is mounted on the right side of the control panel
of RF Unit T-225A/FRT-5. It receives the keying im-
pulses and accomplishes off-on keying of the trans-
mitter proper. Provision has been made for keying of
the transmitter by negative, positive, polar negative,
or polar positive impulses for “mark.”

(/) CONTROL PANEL. — The control panel
carries the basic transmitter tuning and checking con-
trols and is located behind the lower front door. Easy
access to these controls is provided, however, by a
small drop door located at the top center of the main
lower door.

(j) BUFFER AMPLIFIER, FREQUENCY
MULTIPLIERS, AND DRIVER AMPLIFIERS. — The
buffer amplifier, frequency multipliers, and driver
unit are contained within a subassembly which is
mounted to the left of the control panel. The unit is
hinged so that it may be tilted forward for easy access
to the interior. Inside are located a broad-band buffer-
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amplifier, and two frequency-multiplier stages. The
driver tube is mounted on top of the assembly.

() POWER AMPLIFIER. — The power am-
plifier is located on the top deck of RF Unit T-225A/-
FRT-5. It is a push-pull, cross-neutralized, grounded-
cathode amplifier with both grid and plate circuits
resonant and continuously variable from 4 mc to 26 mc.
The resonant grid circuit, which also provides the plate
tank for the driver stage, is contained within an air-
tight enclosure located behind the control panel. The
PA tube sockets are mounted on top of this enclosure.
Cooling air for these tubes is forced into this enclosure
by the blower in the lower rear of the cabinet, and
flows upward through the tube sockets to cool the tube
radiators. The resonant plate tank circuit is located
directly behind the PA tubes and is readily accessible
through the large double rear doors.

An alternate provision is made for operating the
power amplifier as a linear amplifier driven by a
single side-band suppressed-carrier exciter such as the
Western Electric D-156000 twin-channel unit. The grid
circuit of the power amplifier is arranged to be
modified so that it presents a 200-ohm balanced load
to the exciting single side-band transmitter. Approxi-
mately 500 watts of peak exciting power are required.

() COUPLING NETWORK. — The coupling
network occupies the top of RF Unit T-225A/FRT-5.
It is a resonant circuit continuously variable across the
entire frequency range, and the complete unit is sus-
pended from the top of the cabinet on rails or tracks.
Magnetic coupling from the plate tank coils to the
inductors of this coupling network is varied by the
positioning of the coupler on its rails.

(m) GENERAL. — The upper front door of
RF Unit T-225A/FRT-5 has a large glass window to
provide continuous visibility of the PA tubes. All
meters directly associated with tuning or adjusting the
r-f stages in the bay are mounted above the window.
The filament and d-c controls and the colored status
lights are located below the window on the upper
front door. A ventilating blower cooling the PA
tubes is located on the floor of the unit. Dual interlocks
for personnel protection are incorporated on all but
the lower front door.

(2) POWER SUPPLY PP-490A/FRT-5. — Power
Supply PP-490A/FRT-5 consists of the left-hand bay of
Radio Transmitting Set AN/FRT-5A. It contains the
following units and circuits:

(@) CONTROL CIRCUITS. — A vertical panel
inside the lower front door of Power Supply PP-490A /-
FRT-5 mounts all of the control, overload and timer
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relays which are associated with both Power Supply
PP-490A/FRT-5 and RF Unit T-225A/FRT-5. The
lower front door is not interlocked and may be
opened at any time without exposing open or un-
guarded circuits. A small drop panel on this door pro-
vides convenient access to the controls most often used
in connection with Power Supply PP-490A/FRT-5 and
RF Unit T-225A/FRT-5.

(b) LOW VOLTAGE SUPPLY. — A d-c po-
tential of 600 volts, positive to ground, for the opera-
tion of the frequency multiplier and buffer stages, the
driver screen, and RF Oscillator O-92A/FRT-5 is pro-
vided by a common low voltage supply. The two type
3B28 xenon-gas-filled rectifier tubes used in this sup-
ply are grouped at the end of the rectifier shelf in
Power Supply PP-490A/FRT-5.

(¢) BIAS SUPPLY. — A d-c potential of 400
volts, negative to ground, for biasing the frequency
multipliers, the driver, the power amplifier, and the
off-on keyer is provided by a common supply located
in Power Supply PP-490A/FRT-5.

(d) HIGH VOLTAGE SUPPLY. — The six
type 4B32 tubes mounted on the tube shelf are recti-
fiers for the power amplifier plate voltage supply. The
high voltage transformer for this supply is mounted
outside of the unit. The filter components are located
on the floor of the bay and are readily accessible
through the large double rear doors.

(e) GENERAL. — The upper front door with
its large window provides access to and continuous
visibility of the rectifier tubes. Meters associated with
the high d-c voltage, the primary a-c voltage and the
filaments of the PA stage are located above the
window. Status lights and controls are mounted below
the window. A blower for circulating air in the power
bay is mounted on the floor of the unit and is readily
accessible through the rear doors. No special cooling
is required for the rectifiers since they contain the
inert gas xenon and hence can operate efficiently and
properly in spite of extremely wide temperature vari-
ations. All doors except the lower front one are
provided with dual interlocks for the protection of
personnel.

(3) POWER CONTROL C-587A/FRT-5. — (Re-
fer to figure 1-7.) — Power Control C-587A/FRT-5
includes the line input terminals for the 230-volt
power supplying all parts of the transmitter, except
high voltage plate supply transformer T1701. It con-
sists of a heavy-gauge sheet-metal cabinet with a large
front access door, and includes the following compo-
nents: a fused three-phase circuit to the transmitter for
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filaments, blowers, etc., a combination overload protec-
tion breaker and start-stop contactor and a “delta-wye”
switch for the PA stage plate transformer primary.
Also included are a set of series line resistors for
tune-up purposes with a shorting contactor for normal
operation. The resistors are contained in a ventilated
cage on top of the cabinet. The cabinet is stamped with
a wide variety of knock-out discs for conduit connec-
tion of the wiring. It is provided with four large
mounting holes in its rear corners so that it may be
wall mounted and connected directly to the primary
line bus by means of rigid conduit.

Figure 1-7. Power Control C-587A/FRT-5,
Front View

(4) POWER TRANSFORMER TF-122/U. —
(Refer to figure 1-8.) — Power Transformer TF-
122/U is a separate unit to be mounted on the floor
apart from the cabinets. It is a three-phase, dry-type,
air-cooled unit enclosed in a ventilated sheet metal
case. It supplies the high voltage for the power ampli-
fier plate voltage supply.

4. REFERENCE DATA.

Contract Numbers and Dates: NObsr-49171, dated
24 May 1950.
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Figur 1—8. Power Transformer TF-122/U,
Front View

Contractor: Federal Telephone and Radio Corp.,
100 Kingsland Road, Clifton, N. J.

Cognizant Naval Inspector: AINM, 167 Prospect
St., Passaic, N. J.

Number of packages involved per complete ship-
ment of equipment, including spare parts: 13.

Total Cubical Contents (crated): 598 cubic feet.

Total Weight (crated): 9362 pounds.

Total Cubical Contents (uncrated): 240 cubic feet
(approx).

Total Weight (uncrated): 5043 pounds.

Frequency Range: 4 to 26 megacycles.

Frequency Multiplier Range: 4 to 26 megacycles.

First Frequency Multiplier: 4 to 13 megacycles.
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Second Frequency Multiplier: 4 to 26 megacycles.

Type of Frequency Control: Crystal or stabilized
oscillator.

Type of Emission:

a. A-1 (carrier on-off).
b. Frequency shift.

Keying Speed: Up to 400 wpm for either off-on or
frequency-shift emission.
Nominal Carrier Output for each type of emission:

a. 15 kilowatts for class A-1 emission into a fixed
600-ohm load with a maximum SWR of 2 to 1.

b. 15 kilowatts for frequency-shift emission into a
fixed 600-ohm load with maximum SWR of 2 to 1.

Power Factor of Equipment:
a. Starting: 98% (high voltage off).
b. Standby: 95% (key open).
¢. Normal Operation: 98%

Power Source Requirements:

a. Voltage: 207 to 253 volts; designed for a center
voltage of 230 volts.

b. Frequency: 60 cps *=5%.
¢. Number of Phases: Three.
d. Input Power: (approx):
Key Down: 28kw.
Key Up: 5.4 kw.
High Voltage Off: 3 kw.

Crystal: Type AN/CR-27/U with fundamental fre-
quency between 2.0 and 4.2 mc required (not supplied
by contractor). '
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SECTION 2
THEORY OF OPERATION

1. GENERAL.

A thorough understanding of the block diagram of
Radio Transmitting Sec AN/FRT-5A is essential to
the understanding of this section. As can be seen from
the block diagram, figure 2-1, the equipment is divided
into three major divisions. On the left, set off by a
vertical dashed line, is the equipment designated as
rack and panel type. This includes two oscillators, a
frequency-shift keyer, a power supply for one of the
oscillators and the keyer, and an input-switching panel
for the selection of the oscillator to be used. In addi-
tion, this part of the diagram contains a group of servo
amplifiers and a servo power supply which are part
of the transmitter tuning system. The basic transmitter,
which consists of a buffer amplifier, two frequency
multipliers, a driver, and a power amplifier, plus the
d-c power supplies necessary to operate these stages,
occupies the remainder of the diagram. A set of equip-
ment, designated as external equipment, occupies the
lower righthand corner of the diagram. This includes
the main power transformer and its primary control
equipment.

The explanation that follows will be further aided
by an understanding of the physical location of these

various units. The general physical location of the
various parts of the transmitter was pointed out in
Section 1. However, it will be well to review this
information briefly.

The equipment is composed of the following four
major units: RF Unit T-225A/FRT.5, Power Supply
PP-490A/FRT-5, Power Transformer TF-122/U and
Power Control C-587A/FRT-5.

Power Supply PP-490A/FRT-5 and RF Unit T-
225A/FRT-5, the two main enclosures, are installed
side-by-side in one cabinet and constitute the main por-
tion of the transmitter.

The other two units, which might be considered as
auxiliaries, are to be located near, but ouside of, the
main transmitter enclosure.

RF Unit T-225A/FRT-5 contains, in addition to the
basic 15-kilowatt section, several alternate exciters and
interconnecting facilities which will be discussed under
the heading of exciters and associated equipment.

In the discussion that follows the equipment will
be considered under these four general headings:

a. EXCITER SYSTEM. — The exciter system is
contained within RF Unit T-225A/FRT-5 and consists
of the following:
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Figur 2—1. Functional Block Diagram — Radio Transmitting S t AN/FRT-5A
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(1) RF Oscillator O-92A/FRT-5. — A 10-channel
crystal-controlled unit.

(2) RF Oscillator O-91A/FRT-5. — A variable-
frequency unit employing automatic frequency stabili-
zation.

(3) Frequency Shift Keyer KY-45A/FRT-5 whose
output frequency alternates between two values in
accordance with the applied keying impulses.

b. TRANSMITTER PROPER. — The transmitter
proper consists of a buffer amplifier, a frequency
multiplier, an electronic keyer, a driver, a power am-
plifier, a coupling network, a servo tuning system and
special metering and monitoring circuits.

¢. POWER SUPPLIES. — The power supplies con-
tained in Power Supply PP-490A/FRT-5 consist of a
low voltage power supply, a bias supply for the driver
and power amplifier, and a power amplifier high
voltage supply.

d. CONTROL CIRCUITS. — All switches, relays,
and most contactors required for the control and
supervision of the equipment are located in Power
Supply PP-490A/FRT-5. All circuits are carefully
cross-connected and interlocked to insure the proper
operating sequence.

Start-stop contactors and circuit breakers for control
of the primary power to the plate transformers are
located in Power Control C-587A/FRT-5, which is
external to the r-f unit.

2. DESCRIPTION OF CIRCUIT ELEMENTS.

a. EXCITERS AND ASSOCIATED EQUIPMENT.
— There are three separate sources of excitation pro-
vided in this equipment, namely, crystal oscillator fre-
quency control by means of RF Oscillator O-92A/-
FRT-5, master oscillator frequency control by means
of RF Oscillator O-91A/FRT-5, and frequency-shift
keying by means of Frequency Shift Keyer KY-45A/-
FRT-5 in conjunction with RF Oscillator O-91A/-
FRT-5 or RF Oscillator O-92A/FRT-5. A convenient
means of selecting and interconnecting these exciters
is provided by an input switching panel which consists
of coaxial jacks with short coaxial jumper connectors
which couple between these jacks.

The theory of operation of these units is given in
more detail in the following paragraphs.

(1) RF OSCILLATOR O-92A/FRT-5. — (Refer
to figure 2-2.) — RF Oscillator O-92A/FRT-5 is a
10-channel crystal oscillator capable of delivering 2 to
4 volts RMS into a 50-ohm to 80-ohm load over the
frequency range of 2000 kc to 4300 kc. It utilizes a
Pierce oscillator circuit and consists of an untuned

2-2

NAVSHIPS 91457(A)
AN/FRT-5A

THEORY OF
OPERATION

crystal-controlled oscillator followed by a broad-band
buffer. The oscillator is conventional in that it utilizes
the cathode, grid, and screen of the tube as a triode.
The crystal is connected from grid-to-ground while
the screen is at r-f ground potential. Therefore, the
crystal operates as a parallel resonant circuit between
the grid and screen. Feedback is provided by the volt-
age dividing action of capacitors C1111 and CI1112.
The input capacity of the oscillator tube is in parallel
with C1111. This is an extremely stable oscillator cir-
cuit since the crystal itself is the only resonant element.
Electron coupling to the plate, within the tube, pro-
vides the means of coupling to the cathode follower
output stage. The output stage is operated as a cathode
follower as the most effective means of operating into
a low impedance transmission line. The load imped-
ance presented by the line is increased slightly by
autotransformer T1102, so that the cathode follower
will operate into a more desirable load.

Voltage regulator tubes V1103 and V1104 maintain
the oscillator and buffer operating voltages at 180
volts. Capacitors C1101 through C1110 are shunted
across the crystal circuit as a means for obtaining exact
adjustment of the crystal oscillator frequency. One of
these capacitors is associated with each crystal position
so that each crystal may be independently set at exactly
the desired frequency. The 10 AN type AN/CR27-U
crystals are mounted within a common, temperature-
controlled oven. This oven temperature is controlled
by a special heater and thermostat arrangement which
requires approximately one ampere at 12 volts when
the thermostat is closed. The presence of heater voltage
is indicated by a pilot lamp (11102) on the front panel,
while proper functioning of the thermostat is indicated
by intermittent operation of a second pilot lamp
(11103), also on the front panel. The crystal selector
switch, which is operated from a front panel control,
is special in that one of its wafers is an integral part
of the plug-in crystal oven. This wafer is the one
that actually selects the active crystal. By this means
it is possible to provide a crystal oven with only one
r-f output terminal even though it contains up to 10
crystals. Care must be exercised in inserting this crystal
oven so that its switch wafer engages properly with its
operating shaft. This is further explained in Section 4.

Power for this oscillator is derived from the low
voltage d-c power supply of the transmitter proper.
The oscillator is equipped with a self-contained meter
for checking the oscillator and buffer cathode cur-
rents. A selector switch provides the means for insert-
ing this meter into the desired circuit. In addition,
there is a provision for externally metering these two
stages. This provision is not carried beyond the output
jack J1102 and its associated plug P1102. If external

ORIGINAL



THEORY OF NAVSHIPS 91457(A) Secti n 2
OPERATION AN/FRT-5A Paragraph 2 a (1)
CRYSTAL OSCILLATOR C-I115 L-1104 BUFFER
__________ v-1101
z-1101 1 €AKS
| Y S 4
: _O/‘/(? 9 Té —O/"/é/ 10 e
% S-1102A g [ S s-11028 O T
| o, XS | O 4 4 O R-1103 ' 4
| 98880° | Oggeb° " oz |
} | o)¢) swin |R1107]
| 33K
| Svy-1101 | 7!c-110| L-1101 Lc-na by g
I T I PP “OIMF R-1109% i 2-4.3MC
| [ L
| p R-11103 ‘c-ma
| - 6713 _IOIMF
} l N /\/ J_:- -_—
R-1111 4 4 1
L e __ 5103 _
| R-i 101 Rz ; 056,
| Q v-1104
| S-1101 BUFF. VR90
I CIF;‘;‘SQTiL R-1102%
| HEATER 900 3
L T MO 1o L ExT
0-IMA :
@ll C-1119 Mcelggﬁﬂe v-1103
102 = 7 MA VR0
FILAMENT _
6.3V.AC 6.3V AC = =
Figure 2—2. Simplified Schematic — RF Oscillator O-92A/FRT-5,

Crystal Oscillator

metering is desired, special provisions must be made
to make connections at these points.

(2) RF OSCILLATOR O-91A/FRT-5. — RF
Oscillator O-91A/FRT-5 is a very stable automatic
frequency-controlled (AFC) oscillator which covers a
frequency range of 2 mc to 4.5 mc. It employs a master
oscillator and amplifiers in conjunction with automatic
frequency control circuits which maintain the output
frequency constant at any selected value within its
range. The actual circuits that provide power output
to drive the transmitter are marked with an orange
arrow on the chassis and are the master oscillator
(V131),multiplier (V112) and final amplifier (V114).
The remainder of the circuits, with the exception of
the 450-kc amplifier (V106) and the 100-kc amplifier
(V107), are the frequency control circuits. The 450-
kc amplifier and the 100-kc amplifier are both pro-
vided with external jacks so that the output of either
one may be used on any external equipment requiring
a frequency source of this type. Figure 2-3 is a block
diagram of the oscillator.

The stability of RF Oscillator O-91A/FRT-5 is de-
rived from a 100-kc standard, either external or in-
ternal. This 100-kc standard signal is subdivided by a
divider circuit to 25 kc and then is passed into a
harmonic amplifier circuit whose output is in the
range of 9.125 mc to 21.625 mc.

This 9.125-21.625-mc signal is mixed with the fifth
ORIGINAL

harmonic of the output frequency (10-22.5 mc) to
produce an intermediate frequency (IF) in the range
of 875 kc to 900 kc. This IF is amplified and combined
in a second mixer with a 75-100-kc signal which is
obtained by subdividing the output from a 600-800-kc
interpolation oscillator. The second IF is then a fixed
frequency centered on 800 kc.

This 800-kc signal is then divided to 100 kc in a
regenerative divider circuit. Any error involved in
setting up the master oscillator will also appear in
this 100-kc signal. This signal is then combined, in
a pair of diode mixers, with a signal from the 100-kc
standard to produce an output which is audible and
is a definite measure of the frequency error. In one of
the diode mixers, the 100-kc standard signal is shifted
90 electrical degrees, thus providing a two-phase
audio output. This audio output from the mixers is
passed into a pair of d-c amplifiers and thence into a
pair of power amplifiers. The resultant two-phase out-
put from the power amplifiers is fed to the AFC motor
which rotates in such a manner as to adjust the master
oscillator to the desired frequency.

In the following discussion of circuit details, the
exciter circuits and frequency control circuits are dis-
cussed separately. While these circuits are intercon-
nected, the excitation (magnitude) is not directly
dependent upon the control circuits. In an attempt to
clarify the explanation, the control circuits are ex-
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plained by taking one signal and bringing it up to a
mixer, returning and picking up the signal that it is
to be mixed with and then proceeding with the dis-
cussion from the output of the mixer.

In more detail, the individual circuit theory is as
follows:

(¢) MASTER OSCILLATOR. — (Refer to fig-
ure 2—4.) — The oscillator assembly is a precision
device which supplies output energy whose frequency
is very stable under conditions of extreme temperature
and humidity change. The circuit used is an electron-
coupled type employing a type 6S]J7 tube (V131), and
covering a frequency range of 1000 kc to 1500 kc. The
output frequency of the oscillator is determined by the
position of the tuning slug within grid inductor L103,
and the capacity setting of C126 which is across the
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AN/FRT-5A

THEORY OF
OPERATION

grid coil. The tuning slug position is determined by
the setting of the MASTER OSCILLATOR dial [A-1].
The setting of capacitor C126 is adjusted by the AFC
motor which is linked to it mechanically, and which
operates in response to the output of the frequency
control circuit.

(b) MULTIPLIER V112. — (Refer to figure
2-5.) — The multiplier stage, V112, employs a type
6BE6 miniature pentagrid tube operating as a class
“C” stage with cathode bias. The input voltage is fed
to the #1 grid of V112 through R242 which is used
to reduce the input voltage slightly so that the multi-
plier stage will not be overdriven. In the plate circuit
of V112 is a tuned circuit composed of a slug-tuned
inductor T104, a trimmer capacitor C128D and one
section of a variable ganged capacitor C120D. This

100 KC 4 K
100 KC | o s7anparo 50 Ke a0
AMPLIFIER oUTPUT AMPLIFIER
100 KC 50 KC
100 KC DIVIDERS HARMONIC 157 1ST1F 2ND 2ND IF
STANDARD X1/2X1/2 AMPLIFIERS MIXER AMPLIFIER MIXER AMPLIFIER
MASTER MULTIPLIER MULTIPLIER DIVIDERS INTERPOLATION
OSCILLATOR X2 OR x5 X 1/8 OSCILLATOR
X3
Al STABILIZED
100 KC DIVIDERS FINAL oUTPUT
AMPLIFIER X 1/8 AMPLIFIER 2-45MC
p———o
DIODE DC POWER
MIXERS AMPLIFIER AMPLIFIER
90°
PHASE DIODE bDC POWER
MIXER MPLIFIER AMPLIFIER
SHIFT ERS AMPLIFIE |
Figure 2—3. Functional Block Diagram — RF Oscillat r O-91A/FRT-5
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tank circuit, T104, is tuned to twice the input fre-
quency to produce an output frequency from the final
amplifier of 2 mc to 3 mc, or tuned to three times the
input frequency to produce an output frequency from
the final amplifier of 3 mc to 4.5 mc. Tuning is ac-
complished by the OUTPUT TUNING dial [C-1]
(C120D). The output of V112 is capacity coupled
through C159 to the second multiplier grid, and
through C154 to the final amplifier grid.

(¢) FINAL AMPLIFIER. — (Refer to figure
2-5.) — The final amplifier is a class “A” stage operat-
ing as a straight amplifier and receiving its bias from
cathode resistor R164. Input voltage is fed from the
plate circuit of V112 through capacitor C154*to the

Figure 2—4. Schematic — RF Oscillator O-91A/FRT-5, control grid of V114. A voltage divider arrangement
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the screen of V114, provides a means of varying the
screen voltage, which in turn varies the power output
of the final amplifier stage. The plate circuit of V114
contains an untuned transformer, T113, whose output
winding is coupled to the transmitter through a coaxial
cable.

Note

The frequency control circuits consist of : 100-
kc crystal standard, 100-kc amplifier, crystal
divider, harmonic amplifiers, first intermedi-
ate frequency amplifier (875 to 900 kc),
second intermediate frequency amplifier (800
kc), interpolation oscillator, buffer, interpola-
tion dividers, regenerative dividers, diode
mixers, d-c amplifiers and power amplifiers.

(d) 100-KC CRYSTAL OSCILLATOR AND
AMPLIFIER. — (Refer to figure 2-6.) — The 100-kc
oscillator and amplifier circuit employs a type 2C51
triode tube (V101A/V101B). This circuit is designed
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so that either the 100-kc crystal supplied or an external
100-kc crystal can be used as a standard. When an
external crystal oscillator is used, its output is fed to
the cathode of amplifier V101A through jack J102,
capacitor C101 and switch S105A/S105B which must
be turned to its EXT position. In the EXT position
one section of this switch opens the cathode circuit
of V101B, thus disabling the internal 100-kc crystal
oscillator. However, V101A continues to operate as
an amplifier supplying a 100-kc signal to the 100-kc
amplifiers, V107 and V129. When using the 100-kc
crystal supplied with the oscillator, switch S105A/-
S105B is turned to the INT position, which closes the
cathode circuit of section “"B” of V10l. Section “B”
of V101 is the internal 100-kc oscillator. It employs a
regenerative type circuit. The plate circuit of V101B
is tuned to 175 kc by means of inductor L107 and
capacitor C231. The end of the tank coil opposite the
plate is connected to one end of capacitor C229, while
the other end is connected between the crystal and
capacitors C102A/C102B, C103 and C232. Capacitor
C229 is used to provide additional feedback voltage
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NOTE:
UNLESS OTHERWISE INDICATED, ALL
PLATES OF RESISTANGE VALUES ARE IN OHMS,
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Schematic — RF Oscillat r O-91A/FRT-5, Crystal Oscillator,

Divid rs and Amplifi rs
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for better operation of the oscillator circuit. Capacitors
C102A/C102B, C232 and C103 are connected in series
with the 100-kc crystal to adjust the frequency to exact-
ly 100 kc. The 100-kc crystal and the temperature-
controlled oven in which it is located are contained in
a sealed plug-in unit (Y101). When the 115-volt a-c
power is applied to this oven, the pilot light (1101)
designated as XTAL HEAT comes on, indicating that
the heater resistors are energized to raise the tempera-
ture of the oven. The temperature is thermostatically
controlled between 59° to 61°C (138.2°F to 141.8°F).
When the temperature within the oven becomes stabil-
ized, the heating cycle should be “heat on” for four or
five minutes, then “heat off” for eight or ten minutes,
provided the room temperature is constant. The re-
quired stability should be reached within one hour
after power is applied. Capacitor C205 is connected
across the thermostat contacts to prevent arcing.

The output of the crystal oscillator section is fed
to the grid of section “A” of V101 through capacitor
C104. Section “A” is operated as a class “A” amplifier
and receives its bias from cathode resistor R102. There
is no tuned circuit in the plate of V101A so the output
of this amplifier is taken directly from the plate and
fed to the grid of the 100-kc amplifier (V107)
through capacitor C106, and to the grid of the other
100-kc amplifier (V129) through capacitor C210.

(e) 100-KC AMPLIFIER (V107). — (Refer
to figure 2-6.) — The 100-kc amplifier, V107, em-
ploys a type 6AK5 pentode having its plate and screen
tied together, and its suppressor grid and cathode also
tied together, to make it operate as a triode. This stage
is operated as a class “A” amplifier receiving its bias
from cathode resistor R135, and serves as a buffer
between the preceding amplifier (section “A” of
V101) and the first crystal divider (V102). The out-
put from V107 is taken from the plate and coupled
to the grids of the first crystal divider, V102, through
coupling capacitor C110. A second connection is made
to the plate from J105 through coupling capacitor
C127. J105, a coaxial connector mounted at the rear
of the chassis, permits the supplying of any external
source that may require a 100-kc signal.

(f) CRYSTAL DIVIDERS. — (Refer to fig-
ure 2-6.) — The crystal dividers and interpolation
dividers are a type of trigger or “flip-flop” circuit. The
purpose of this circuit is to divide the input frequency
by two to supply an output frequency of one-half the
input frequency. To explain the operation more thor-
oughly, consider the 50-kc divider V102 alone. The
normal condition of the divider when no excitation
voltage is being applied to the grids would be that one
section of the tube, let us call it “A,” would be draw-

ORIGINAL
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ing plate current, and at the same time the plate cur-
rent in section “B” would be zero. Now when a
negative voltage is applied to the grid of section “A”
it will decrease its plate current. This causes a de-
creased voltage drop across R107 because of the coup-
ling from the plate to the grid through R114 and C108,
which in turn makes the bias on the grid of section
“B” more positive. Consequently, the plate current of
section “B” increases, increasing the voltage drop across
R108. This makes the grid of section “A” (as coupled
from the plate of section “B” through R109 and C107
to the grid of section “A”) more negative, causing a
further decrease in the plate current of section “A”
and a resultant further increase in plate current of
section “B”. The process continues until section “A”
is cut off, and only section “B” draws plate current, a
condition which will continue until the next negative
pulse is applied to the grid of section “B”, at which
time the action will reverse. The resultant differential
of the negative pulse causes the circuit to make an
abrupt reversal. The positive pulses do not possess the
required differential to make the divider reverse. Re-
ferring to the divider circuit (V102) the 50-kc output
voltage is fed from the plate of section “B” to the next
stage through capacitor C111. The function of divider
circuit V103 is the same as for V102 with the exception
that its output has a 25-kc fundamental. This is fed
to the grid of the first harmonic amplifier.

(g) HARMONIC AMPLIFIERS. — (Refer to
figure 2-7.) — The harmonic amplifiers employ a
type GAKS5 tube (V104) for the first harmonic ampli-
fier and a type 6AS6 tube (V105) for the second har-
monic amplifier. Grid bias is provided by cathode
resistor R124 in the 1st stage and cathode resistor R127
in the 2nd stage. The plate of V104 contains a tuned
circuit consisting of C120B, which is the main tuning
capacitor, C128B, a trimmer capacitor in parallel with
C120B, and a slug-tuned inductor, T101. Capacitor
C119 is inserted in series with C120B and C128B of the
tuned circuit to make grounding the rotor of C120B
possible. The capacity of C119 is sufficiently large so
that its effect on the tuned circuit is negligible. Ca-
pacitor C120B is controlled by the OUTPUT TUNING
dial on the front panel. The plate circuit of V104
is coupled to the grid of V105 through coupling
capacitor C117. Harmonic amplifier V105 contains a
tuned circuit similar to V104, whose tuning capacitor
(C120A) is also controlled by the OUTPUT TUNING
dial@on the front panel. The tuned circuits of both
V104 and V105 are designed to cover a frequency range
of 9.125 to 21.625 mc. In order to obtain good perform-
ance from these amplifiers it is necessary to supply
regulated voltage (4150v) to the plate of V104 and
to the plate and screen of V105. The plate circuit of
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harmonic amplifier V105 is coupled to the grid of
mixer V108 through capacitor C129.

The first stage of the first i-f strip is a mixer (V108).
The two signal voltages mixed in this tube are the
output of the harmonic amplifier (V105) and the
output from the multiplier (V113).

(h) MULTIPLIER V113. — (Refer to figure
2-5.) — The multiplier V113 receives its input voltage
from the plate of multiplier V112 through coupling-
capacitor C159. It operates as a class “C” amplifier and
multiplies the input frequency 5 times. The tuned
circuit of V113 consists of main tuning capacitor
C120C, which is controlled by the OUTPUT TUNING
dial [C-T] trimmer capacitor C128C, and a slug-tuned
inductor, T105. Capacitor C156 is connected in series
with C120C and C128C to make grounding of the rotor
of C120C possible. C156 is sufficiently large so that it
has a negligible effect on the tuned circuit. The plate
of V113 is capacity coupled to mixer V108 through
C130. Grid bias for V113 is supplied by grid resistor
R159 and cathode resistor R160.

-
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() FIRST IF (875 to 900 kc). — (Refer
to figure 2-7.)

1. MIXER. — The mixer stage employs a
type 6BE6 (V108) pentagrid converter. Bias for the
mixer is supplied by cathode resistor R140. The output
frequency of harmonic amplifier V105 is fed to the
#3 grid of V108 and the output frequency of multi-
plier V113 is fed to the #1 grid of V108. These two
injected signals are mixed and the plate tuned circuit
is tuned to the difference frequency. In the plate of
V108 and the grid of V109 is an i-f transformer T106.
This transformer consists of two slug-tuned coils and
two fixed capacitors, one capacitor being connected
across each coil. It is also required to pass\a frequency
range of 875 kc to 900 kc. To do this, it is necessary
to overcouple the tuned circuit, so as to flatten out
the peak of the i-f curve enough to pass the required
frequencies.

2. AMPLIFIER. — (Refer to figure 2-7.) —
The i-f amplifier operates as a class “A” stage and
employs a type 6AKS (V109) pentode tube. Bias is
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supplied by cathode resistor R143. The input voltage
for V109 is supplied by i-f transformer T106. I-f trans-
former T107 is connected to the plate of V109 and
the grid of V110. Transformer T107 is the same as
T106, having two slug-tuned coils shunted by fixed
capacitors and, like T106, is required to pass the fre-
quency range of 875 kc to 900 kc. To do this it is
necessary to overcouple the tuned circuit so as to
flatten out the peak of the i-f curve enough to pass
the required frequencies.

At this point we come to the mixer in the second i-f
strip. One of the mixing voltages is that supplied by
the first i-f strip, the other voltage is supplied by an
interpolation circuit consisting of an interpolation
oscillator, a buffer and three interpolation dividers.

() INTERPOLATION CIRCUITS.

1. INTERPOLATION OSCILLATOR. —
(Refer to figure 2-8.) — The interpolation oscillator
assembly is a precision device which supplies an out-
put frequency that is extremely stable under conditions
of extreme temperature and humidity change. The cir-
cuit used is an electron-coupled type employing a type
6S]7 tube, V130, and covering a frequency range of
690 kc to 800 kc. The output frequency of the oscillator
is determined by the tuned circuit made up of grid
inductor L105 and the fixed capacity across the coil.
The position of the tuning slug inside 1105 is de-
termined by the setting of the INTERPOLATION
OSCILLATOR dial [B-1]. The plate circuit of inter-
polation oscillator V130 is untuned. The output of the
interpolation oscillator is taken from the plate of the
oscillator and fed to the grid of buffer V118 through
coupling capacitor C227.

R-241

600-800 KC
i INTERPOLATION
8| OSCILLATOR

C-2%J
U

INTERPOLATION OSCILLATOR = 1
[

CONTROL [B-

——

Figur 2—8. Schematic — RF Osciilator O-91A/FRT-5,

Interpolation Oscillator
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2. BUFFER. — The buffer operates as a class
“A” amplifier employing a type GAK5 (V118) pentode
tube. Bias for this stage is supplied by cathode resistor
R197. The plate and screen of V118 are tied together,
as are also the suppressor grid and the cathode, to make
it operate as a triode. The output voltage of V118 is
capacity coupled to the grids of the first divider circuit
V117 through capacitor C177. This buffer stage pro-
vides a means of isolation between the interpolation
oscillator and the interpolation divider circuits.

3. INTERPOLATION DIVIDERS. — (Re-
fer to figure 2-9.) — The interpolation dividers opgs-
ate in the same way as the crystal dividers. Refer to
the paragraph describing crystal dividers for the theory
of operation (paragraph 2 2 (2) (f), this section).

a. INTERPOLATION DIVIDER (300-400
kc). — The first interpolation divider, V117, has an
input frequency of from 600 kc to 800 kc depending
on where the INTERPOLATION OSCILLATOR dial
is set. The output frequency of V117 is one-half of
the input frequency, or 300 kc to 400 kc.

b. INTERPOLATION DIVIDER (150-200
kc). — The second interpolation divider, V118, has
an input of from 300 kc to 400 kc. The output fre-
quency of V118 is one-half the input frequency or 150
kc to 200 kc.

c¢. INTERPOLATION DIVIDER (75-100
kc). — The third interpolation divider, V119, has an
input frequency of from 150 kc to 200 kc. The output
frequency of V119 is one-half the input frequency or
75 kc to 100 kc. The output frequency of the inter-
polation divider (V119) is fed to the #1 grid of mixer
V110, through coupling capacitor C163, and low-pass
filter T110.

(k) SECOND IF (800 kc). — (Refer to figure
2-7.)

1. MIXER. — The mixer stage employs a
type 6BEG (V110) pentagrid converter. The output
frequency of i-f amplifier V109 is fed to the #3 grid
of V110 and the output of interpolation divider V115
is fed to the #1 grid of V110. These two injected sig-
nals are mixed and the plate circuit is tuned to the
difference frequency. I-f transformer T108 couples the
plate of V110 to the grid of V111 and is sharply tuned
to pass only the band of frequencies centered on 800
kec. It consists of two slug-tuned coils and two fixed
capacitors, one capacitor being connected across each
coil,

2. AMPLIFIER. — The i-f amplifier operates
as a class “A” stage and employs a type 6AK5 pentode
tube (V111). The input voltage for V111 is supplied
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by i-f transformer T108. I-f transformer T109 con-
nects the plate of V111 to the grid of V127 and is also
sharply tuned to pass only the band of frequencies
centered on 800 kc. This transformer consists of two
slug-tuned coils and two fixed capacitors, one capacitor
being connected across each coil.

(/) REGENERATIVE DIVIDERS. — (Refer
to figure 2-10.) — The 800-kc output from T109 is fed
to the #1 grid of V127. V127 is a mixer stage employ-
ing a type 6BEG tube. A second voltage is applied to
the #3 grid of V127 from the plate of V128. V128
employs a type 6BAG tube in a regenerative oscillator
circuit resonated to 700 kc. The tuned circuit in the
plate of V128 consists of a slug-tuned coil with a fixed
capacitor connected in parallel with it. The frequency
is adjusted by varying the slug within the coil. In the
mixer tube (V127) the 800-kc signal from the second
i-f amplifier (V111) and the 700-kc signal from the

2-10

Schematic — RF Oscillator O-91A/FRT-5, Interpolation Oscillator Dividers

regenerative oscillator (V128) are mixed to produce a
difference frequency of 100 kc. The tuned circuit in
the plate of the mixer (V127), which consists of a
slug-tuned coil in parallel with a fixed capacitor, is
resonated to this difference frequency. The inductance
of the coil is varied by means of the slug. A second
coil is inductively coupled to the tuned coil of V127
and its output is fed to the cathodes of the diode mixers
V125 and V126. The tuned circuits of both V127 and
V128 are contained in a common container with a
shield between and designated as T111.

(m) 100-KC AMPLIFIER (V129). — The 100-
kc amplifier (V129) employs a type 6AK5 tube which
is operated as a class “A” amplifier, receiving its bias
from cathode resistor R231. This stage acts as a buffer
between the amplifier section of tube V101 and the
plates of diode mixers V125 and V126. The 100-kc input
voltage for the grid of V129 is obtained from the
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plate of V101A through coupling capacitor C210. The
100-kc output voltage is taken from the plate of V129
and fed to the plates of V125 and V126 through coup-
ling capacitors C199 and C187.

() DIODE MIXER AND POWER AMPLI-
FIERS. — (Refer to figure 2-10.) — We must now
compare the 100-kc voltage just mentioned with the
crystal standard. This is done in the following manner:
100-kc voltage from the standard is taken from V101
and isolated by buffer amplifier V129. The output of
V129 is coupled into the plate circuit of diode mixer
V126 and one-half of T112. The regenerative divider
output is coupled to the cathode circuit of V126 from
the divider transformer, T111. All mixer products are
attenuated by the low-pass filter network, R215, R216,

POWER AMPLRS.
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C181 and C182, except the difference frequency which
is audible. This filter terminates on the grids of d-c
amplifier V124 which drives power amplifiers V121
and V122. One phase of the AFC motor (B101) is
supplied from these two tubes. The second phase of the
AFC motor is supplied from a circuit identical to the
one just described but displaced 90 electrical de-
grees. The circuit for the second phase consists of diode
mixer V125, d-c amplifier V123, and power amplifiers
V119 and V120. The 90° phase shift is accomplished by
a loosely coupled resonant circuit in the diode mixer
circuit. This resonant circuit is the other half of T112
and is coupled to the plate circuit of diode mixer V125.

(o) 450-KC AMPLIFIER. — (Refer to figure
2-6.) — The 450-kc amplifier employs a type 6AK5

DIODE

DC AMPLRS. MIXcRS c-|?(9

v-119 7
- seas // —1— N/
igg -
l o 69\ -— —/2 N
8-101 53 535
gl &3%
AFC l:< 3 vSe
MOTOR R-199 < R-205
I ’ ~ """""
| =1500 4 S3x 150K
‘ ) ::2
Lm@\ - ..v

v=-123

N
<47

74 V=120
5686
C-203
Ol MF

)t
p 470K

A
VVVWy

206
WWA—¢
x /50K

>
>
>

R-204 R-203
AAA~@~AAAA

V
470

. $-104 F-101

JA
—

v
+250V J-102

Figure 2—10.

ORIGINAL

g
o3 v I MF

S Wi
15 V.AC L 1000
c-198A
hﬂ /
i€
J-103 .

y
>
2
N
+
oYololololo I -
o d L c-200
—|—]—]—|—|— conoenser
CENTERING
RELAY
E P a 1-104
A4
K-101 AFC ON T0 100 KG 3
AMPLIFIER «
T SETUP €-198¢Cy iMr o |¥
- ™ s
— R, ey TEL
! N t
C-2048 *c-20aa $-103 IMEC 2 N3 O
IMF JIMF v-128 "3
6BA6 @

REGENERATIVE DIVIDER

Sch matic — RF Oscillat r O-91A/FRT-5, Motor Control Circuit

2-11



2 Secti n
Paragraph 2 a (2) ( )

tube (V106) which is operated as a class “A” amplifier
and receives its bias from cathode resistor R132. A
50-kc voltage is supplied to the grid of V106 from the
grid of the first crystal divider V102. The tuned circuit
in the plate of V106 is resonated, by a variable slug,
to the ninth harmonic of the 50-kc input voltage, thus
creating a 450-kc output voltage. An output coil is
inductively coupled to the plate coil of V106 with one
end terminating at connector J104 and the other end
going to ground. Both the plate coil and the output
coil are placed in a common container and the assembly
designated as T103.

(p) SET UP-OPERATE SWITCH (S103). —
(Refer to figure 2-11.) — Turning the SET UP-
OPERATE switch to the SET UP position energizes
capacitor centering relay K101. The operation of this
relay applies 115 volts ac to the automatic frequency
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control motor, B101, and opens the plate circuit of
amplifiers V119, V120, V121 and V122. The applied
115-volt ac causes the motor to rotate until S104, a
cam-actuated switch, opens the a-c line to the motor.
This cam is an integral part of AFC capacitor C126,
and serves to effect the centering of the AFC capacitor
which is prerequisite to “setting up” the desired fre-
quency. The AFC ON light 1104 glows when the SET
UP-OPERATE switch (S103) is switched to the
OPERATE position indicating that the AFC is in
operation.

Phone jack J103 is wired so that when the phone
plug is in the jack, and the SET UP-OPERATE switch
is in the OPERATE position, the AFC circuit will not
operate. This is due to the fact that the phone jack
circuit keeps relay K101 energized. As soon as the
phone plug is removed from the jack, relay K101 be-
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Figure 2—12. Block Diagram — RF Oscillator O-91A/FRT-5, Typical Frequencies
During Operation, No Error in Master Oscillator Setting

comes de-energized and the AFC circuit then becomes
operative.

(9) TYPICAL FREQUENCIES DURING
OPERATION. — Figures 2-12 and 2-13 were included
to tie together, in a more coherent fashion, the fore-
going discussion of the individual circuits. Both charts
were set up with the same output frequency, in this
case, 3,127,362 cps, but figure 2-13 assumes that the
master oscillator is set up with some error.

Figure 2-12 assumes that the master oscillator has
no error in frequency, i.e., it was set up exactly on the
desired frequency. The arrows indicating the frequen-
cies involved should be quite clear; however, a short
explanation may be required in the case of the har-
monic amplifier and the 1st mixer. As seen in figure
2-12 only three frequencies are shown leaving the
harmonic amplifiers, but in actuality a complete spec-
trum of frequencies, spaced 25 kc apart, is generated
in this stage. For purposes of explanation, only the fre-
quency used in this example and the one on either side
of it are shown. In the same manner, three frequencies

ORIGINAL

are shown leaving the Ist mixer; however, the two
outer frequencies, 911.81 kc and 861.81 kc, have suf-
fered some attenuation in the plate circuit of the mixer.
The 1st i-f amplifier having a pass band of 875-900 kc
further attenuates the two side frequencies so that only
the one frequency, 886.81 kc, suffers no attenuation in
the mixer.

Some difficulty may be encountered in the apparent
difference in the INTERPOLATION OSCILLATOR
dial reading and its actual frequency. The dial is cali-
brated from 0-5000 cps while the actual oscillator range
is 600-800 kc. Thus with a reading of “0” on the dial,
the oscillator is actually working at 600 kc, while with
a reading of “5000” on the dial, the oscillator frequency

s 800 kc. Since the ratio of the dial calibration in units

(5000) to the frequency range of the oscillator in
kilocycles (200) is 25:1, each unit of change in the
position of the dial will represent 1/25th of a kilo-
cycle change in the frequency of the oscillator. There-
fore, for an intermediate setting of the dial, the cor-
responding frequency of the oscillator in kilocycles
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will be equal to the minimum frequency of the oscil-
lator in kilocycles (600) plus 1/25th the reading on
the dial (in units). In this example the dial reading
is 2362, so the actual oscillator frequency in kilocycles
would be 600 4+ (1/25 x 2362) or 694.48.

The remainder of the chart should be quite self-
explanatory, with one exception. Take, for instance, a
case where the output frequency is such that the 1st i-f
amplifier would receive a frequency of 875 kc and also
one of 900 kc. Since both of the frequencies lie in the
pass band of the 1st i-f strip, both frequencies would
be delivered to the second mixer with little or no at-
tenuation. However, in any case of this sort, the output
from the interpolation oscillator and interpolation
dividers would be such that the output frequencies of
the 2nd mixer would be 800 kc and 825 kc, and since
the 2nd i-f amplifier will pass only a very narrow band
of frequencies centered on 800 kc, the 825-kc signal
would be attenuated in the 2nd i-f amplifier.

Figure 2-13 shows the frequencies which would re-
sult if the same output frequency (3,127,362 cps) were

NAVSHIPS 91457(A)
AN/FRT-5A

THEORY OF
OPERATION

desired but with the master oscillator setting being in
error by, e.g., 100 cps. It is evident that an output of
a frequency other than zero will be obtained from the
power amplifiers which will cause the AFC motor to
rotate and correct the master oscillator frequency. As
the master oscillator frequency error becomes smaller,
the output from the power amplifiers also decreases in
frequency until the master oscillator is set up on the
exact desired frequency. Then the output frequency
from the power amplifiers will again be zero cps and
the AFC motor will cease to rotate.

(3) FREQUENCY SHIFT KEYER
KY-45A/FRT-5.

(2) GENERAL. — The frequency-shift keyer
is ordinarily used at the transmitting station of a
frequency-shift radio-telegraph circuit. Telegraph sig-
nals are generated at a control point equipped with
teleprinter keyboards and tape recorder. Both the trans-
mitting and receiving radio stations may be remote
from the communication centers and they are ordinari-
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ly connected to the station by means of land lines.
Figure 2-14 is a block diagram of the frequency-shift

keyer.
Z-2M'c4~2 BAL. BUFFER FINAL
NeS T MOD. AMPLR. AMPLR.
PHASE
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: NEUTRAL
TELEGRAPH
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Figure 2—14. Functional Block Diagram — Frequency

Shift Keyer KY-45A/FRT-5
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(b) OPERATING FREQUENCY. — The key-
er requires an injection voltage which is in the range of
2.2 mc to 4.2 mc, and 200 kc higher than the operating
range. This injection voltage is mixed with a 200-kc
frequency-shifted voltage from an internal source to
produce an output voltage in the frequency range of
2 mc to 4 mc. The external injection voltage is ordi-
narily provided by RF Oscillator O-91A/FRT-5, but
any stable injection voltage of good wave form in the
range of 2.2 mc to 4.2 mc may be used.

(¢) BALANCED MODULATOR, BUFFER
AND FINAL AMPLIFIER. — A simplified schematic
of the high frequency portions of the frequency-shift
keyer is shown in figure 2-15. A radio-frequency source
in the range of 2.2 mc to 4.2 mc is fed into J1401 and
then to the #1 grids of V1401 and V1402 which con-
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stitute the balanced modulator (refer to figure 2-18).
The #3 grids of V1401 and V1402 are excited in push-
pull from a 200-kc voltage derived from the frequency-
shifted oscillator. Since the high frequency input is
supplied to the #1 grids of these tubes in identical
phase, this voltage is cancelled in the output circuit
because of its push-pull arrangement. Complete can-
cellation of this voltage occurs when the balance po-
tentiometer R1416 is adjusted so that the transconduct-
ance of the two tubes is identical. With the high fre-
quency input cancelled, only the mixer products remain,
the most important of these being the sum and differ-
ence frequencies produced by the mixing of the high
frequency signals with the 200-kc frequency-shift
voltage. This keyer operates on the lower difference
frequency (200 kc below the injected signal) which is
selected by the four gang-tuned circuits associated with
the OUTPUT TUNING control. These gang-tuned
circuits include the modulator plate circuit (L1402),
buffer grid (L1406), the power amplifier grid (L1407)
and the power amplifier plate circuit (L1411). These
four circuits are provided with inductive and capaci-
tive trimming to make possible exact tracking through-

NOTE:
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out the 2-mc to 4-mc operating range. Because the
tubes used in the buffer-amplifier and the final ampli-
fier have effective screen grids, neutralization is un-
necessary. A meter switch, $1402, provides a convenient
means of measuring the grid and plate currents of
the final amplifier.

(d) 200-KC OSCILLATOR, BALANCED KEY-
ER AND REACTANCE AMPLIFIERS. — (Refer to
figure 2-16.) — The portion of the frequency-shift
keyer which produces the frequency-shifted signal con-
sists of a 200-kc oscillator (V1411), a balanced keyer
tube (V1408) and two phase-shifting amplifiers
(V1409 and V1410). The operation of the circuit can
be most easily explained by means of vector diagrams.
In figure 2-16 is shown the simplified circuit and in
figure 2-17 are shown the various vector diagrams
which will be used in the course of this explanation.
If we let the vector E represent the voltage across the
oscillator grid coil L1415, then vector V1408G, repre-
sents the voltage at one terminal of pick-up loop L1416
while V1480G. represents the voltage at the opposite
terminal of the same loop (V1416). The two voltages
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represented by vectors V1408G; and V1408G. are fed
to the two grids of the keyer tube (V1408). Each sec-
tion of V1408 is a voltage amplifier; one section (sec-
tion 1) operates at a fixed amplification and the other
section operates under the control of keying impulses
with a gain determined by the bias applied to its grid.
If the constant bias voltage is applied to one section,
(section 1) of V1408, the output of this tube may be
represented by the vector V1408P; in figure 2-17. At
some particular instant during keying, the other section
(section 2) will have its grid more positive and, at this
instant, the plate signal may be represented by vector
V1408P. which is 180° out of phase. The resultant
vector at the plate of the tubes is shown at “C” in
figure 2-17. Because C1435 has a high capacitive re-
actance at 200 kc, a leading current flows through the

V-1408G| V-1408G2 Eo V-1408G,  V-1408G2 Ep

V-1408P, V-1408P, V-1408P, V-1408P,

ACROSS R-1458 ACROSS R-i458

*«—o H. o
V-1409P
V=14
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R-1458 5 ACRCSS
D. I R-1458
V-1409G
V-1409P
Vv-1409P
V-1410G v-1410P
E. Eo J. €Eo
V-1410G
-4
v-iaiop V-1409P

Figure 2—17. Vector Diagram — Frequency Shift
Keyer KY-45A/FRT-5

series circuit consisting of C1435 and R1463. The
values of C1435 and R1463 in this circuit are so selected
that a phase shift of about 70° occurs and the leading
vector shown at “D” results across R1463. The magni-
tude of this voltage may be adjusted by changing the
position of the arm of potentiometer R1458 and/or
the setting of tap switch S1405. This voltage is applied
to the grid of V1409. The output of this tube may be
represented by the vector V1409P which is 180° dis-
placed from the voltage on the grid of V1409. Another
capacitor-resistor series circuit, C1437 and R1467,
brings about a 20° phase shift and the resulting volt-
age, represented by vector V1410G,, is applied to
V1410 whose plate voltage is then represented by
V1410P. When this voltage is compared with the
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original oscillator vector, Eo, it may be seen that a
lagging 90° relationship exists between these two volt-
ages and a leading or capacitive current flows in the
oscillator tank producing an effect much as if an addi-
tional capacitor had been placed across L1415, resulting
in a lower frequency.

When the bias voltage applied to the grid of the
section of V1408, which is allowed to vary in amplifica-
tion, is made more negative than that of the constant
amplification section, the vector relationships are as
shown at “F”. Vector V1408P, is smaller than V1408P;
and the resultant vector appears at “H”. This vector en-
counters a phase shift through C1435 and R1463 so that
the vector relationships exist as shown at “I”. After pass-
ing through V1409 the voltages appear as shown at “J”.
Here the voltage V1410P leads the oscillator voltage
and a lagging current flows which adds to the induc-
tive current in the oscillator tank, effectively reducing
the circuit capacity and raising the frequency. The con-
dition shown at “E” corresponds to a radio-telegraph
“mark” because it is effective in lowering the fre-
quency of the 200-kc oscillator (raising the final out-
put frequency). The condition shown at “J” corre-
sponds to a radio-telegraph “space” because it raises
the frequency of the 200-kc oscillator. The circuit con-
stants are so chosen that a linear change in keyer tube
grid voltage produces linear frequency shift.

The magnitude of the reactive voltage (i.e., frequen-
cy shift) can be adjusted by potentiometer R1458.
Further division of this voltage is possible through the
use of TRANSMITTER MULTIPLICATION switch
S1405, the function of which will be explained later.

Thus, under the control of the keyer tube, it is
possible to produce either a leading or a lagging volt-
age at the plate of V1410 and this is equivalent to
adding inductance or capacitance in its effect on the
oscillator frequency. Control R1458 then provides a
means by which the total amount of frequency shift
can be adjusted. Because the amount of frequency shift
which is present in the associated transmitter is de-
pendent upon the degree of multiplication to which
the output of this keyer is subjected, it is necessary
to reduce the amount of frequency shift by means of
control S1405. This switch provides for full shift, one-
half shift, one-quarter shift, and one-eighth shift to
provide for multiplication by one, two, four, and eight
in the associated transmitter. To calibrate the frequen-
cy-shift control, R1458, an adjustment in the gain of
the amplifier is provided by the cathode potentiometer
R1464. Because of slight differences in the keyer tube
gain characteristics and in circuit wiring, a balancing
control, R1450, is provided to equalize the output of
each section of the keyer tube when the d-c voltages
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applied to the two grids are identical. A small amount
of adjustment of the oscillator frequency is possible
through adjustment of C1442. Because of the tempera-
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ture-controlled oven and the high inherent stability of
the circuit, adjustment of this control is unnecessary
for extended periods of time.
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Figure 2—18.

Simplified Schematic — Frequency Shift Keyer KY-45A/FRT-5,

200-Kc Filter and Phase Inverter Tube

(e) 200-KC FILTER AND PHASE INVERT-
ER. — Figure 2-18 shows the 200-kc filters and the
phase inverter in simplified form. Because harmonics
of the 200-kc oscillator fall within the pass-band of
the high frequency circuits of this keyer, these har-
monics must be suppressed to eliminate spurious out-
put. This is done with a low-pass filter consisting of
C1448, C1449, C1450, L1418, and L1419. This filter
passes the fundamental with very little attenuation but
offers a high degree of rejection in the second and
higher harmonics of the 200-kc oscillator. The phase
inverter tube, V1412, serves to produce push-pull 200-
kc voltage for application on the #3 grids of the bal-
anced modulator tubes. This phase inverter employs a
twin triode to secure the push-pull output voltages.

(f) LIMITERS AND WAVE-SHAPING FIL-
TER. — (Refer to figure 2-19.) — Radio teleprinter

2-18

or picture transmission signals are applied to the keyer
line input connector J1407. Teleprinter signals pass
through a negative peak limiter (V1405) so that only
positive keying impulses reach switch S1403A. With
S1403A in the FSK position a positive peak limiter
presents an essentially fixed voltage having square-wave
characteristics to the wave-shaping filter. The wave-
shaping filter is a low-pass pi-section circuit. By select-
ing the proper position of S1404 it is possible to apply
the desired amount of wave shaping to the square wave
delivered by the limiter tubes. Wave shaping at this
point materially reduces the side-band frequency com-
ponents which are present with square-wave keying.

The TEST-OPERATE switch, S1403, provides a
means by which carrier, space, mark, FSK, or photo
transmission of the keyer can be provided. In the
CARRIER position the input line is disconnected and
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Figure 2—19.

Schematic — Frequency Shift Keyer KY-45A/FRT-5, Input Circuit

and Wave Shaping Filter

the same voltage is applied to both keyer tube grids.
This results in voltages in phase opposition but
of identical magnitude at the plates of the keyer tube
so that essentially zero voltage appears across R1458,
resulting in the natural frequency of oscillation for the
200-kc oscillator. In the MARK position a pcsitive
voltage is applied to the keyed grid of V1408 (pin #7)
causing lower frequency of oscillation for the 200-kc
oscillator, while in the SPACE position the input liue
is disconnected and zero voltage is applied to the keyed
grid so that the 200-kc oscillator operates at a higher
frequency. In the FSK position, the input line is con-
nected through the positive peak limiter and into the
keyed grid of V1408 through the wave-shaping filter.
In the PHOTO position S1403 connects the input line
without the wave shaping or positive peak limiting to
the keyed grid of V1408. In photo transmission, the
frequency of the 200-kc oscillator follows the keying
voltage present on the line in a linear fashion. The key
line input connector is arranged so that separate lines
for photo and FSK may be left permanently connected.
The proper line is then automatically selected by the
TEST-OPERATE switch.
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(g) PHASE MODULATION OSCILLATOR.
— (Refer to figure 2-20.) — The phase modulation
oscillator is a simple Hartley oscillator tuned to 200
cps. This 200-cps oscillator provides a voltage across
R1455 such that up to one radian of phase modulation
at 850-cps total shift is possible on the output signal.
The use of phase modulation permits frequency di-
versity which is a decided advantage in the presence
of severe multipath distortion in radio transmission.

(4) POWER SUPPLY PP-454A/FRT-5. — (Re-
fer to figure 7-49.) — Power Supply PP-454A/FRT-5
provides the filament, bias, and plate potentials neces-
sary for the operation of Frequency Shift Keyer KY-
45A/FRT-5 and RF Oscillator O-91A/FRT-5. Figure
7-50 is a schematic diagram of Power Supply PP-
454A/FRT-5. Two separate power supplies are in-
corporated.

One of the power supplies furnishes voltage for RF
Oscillator O-91A/FRT-5. This power supply includes
a full-wave rectifier using two type 5SR4GY rectifiers.
The filter system employs a choke input and utilizes
two 10-mf capacitors on the output. A type OA2
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Figure 2—20. Schematic — Frequency Shift Keyer
KY-45A/FRT-5, Phase Modulation Oscillator

voltage regulator tube is used for regulation. Potentials
of 150 volts regulated and 250 volts unregulated are
supplied to the RF Oscillator.

The other power supply furnishes the voltage for
Frequency Shift Keyer KY-45A/FRT-5. This power
supply is a full-wave type using a single type SRAGY
rectifier tube. The filter system for this supply has a
choke input and uses two 4-mf capacitors. A type OA2
voltage regulator tube is used to improve the regula-
tion. This unit has an additional voltage supply which
uses a 6X4 rectifier tube and an RC filter network
system. The voltage output from this winding is a
negative 100 volts. Potentials of 150 volts regulated
and 250 volts unregulated are supplied to the fre-
quency-shift keyer.

Power Supply PP-454A/FRT-5 incorporates a volt-
meter and switching arrangement for checking all volt-
tages coming from within.

b. TRANSMITTER PROPER.

(1) GENERAL. — The RF Unit T-225A/FRT-5
consists of seven different sections which will be con-
sidered in more detail in the following order.

() MAIN COMPONENTS.
. Buffer and frequency multipliers
. Electronic keyer

Driver

. Power amplifier

MR W~

. Coupling network

(b) AUXILIARY FEATURES.
1. Tuning system

2. Metering and monitoring circuits

voltage applied to the grid approximately 2 to 1. It
will be noted that a second coaxial line is coupled
through C501 to the buffer grid. The line extends to
external jacks and provides a means of frequency
monitoring.

The output circuit of the buffer contains only an
r-f choke (L501) as its load, and is capacity coupled,
through C507, to the grid of the first multiplier stage
(V502).

The first multiplier uses a type 807 tube and has a
tuned plate circuit consisting of L503 and C511. Both
the capacitor and inductor are variable. They are
mechanically coupled together and varied simultane-
ously by a tuning motor. These two components and
their gearing are assembled as a small unit and will
cover the frequency range of 4000 kc¢ to 13,000 k.
Since the oscillator-buffer output is in the range of
2000 kc to 4000 kc, the first frequency multiplier is
intended for doubling, tripling, or quadrupling the
input frequency.

The output of the first multiplier is capacity
coupled, through C512, to the grid of the second multi-
plier V503, also a type 807 tube. The plate tank of the
second multiplier is composed of C517 and L1506, and
is identical to that of the first multiplier except for
its frequency range, which is 4000 kc to 26,000 kc. This-
multiplier is designed for use as a doubler or as a
straight amplifier.

The full r-f output of the second multiplier is
capacity coupled, through C518, to the grid of the type
4-400A driver tube, V504. The magnitude of this volt-
age and therefore the grid current of the driver may
be controlled, from the front panel, by means of the
r-f excitation control, R519. This potentiometer varies
the screen voltage and hence the output of the first
multiplier tube, V502. A second drive control is also
incorporated in the unit. This control, potentiometer
R522, is mechanically linked to 1506 and C517, the
second multiplier tank, and is automatically positioned
when the tank is tuned. It controls the second multi-
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Figure 2-21.

Simplified Schematic — RF Unit T-225A/FRT-5, Buffer,

Multipliers and Driver

plier grid bias so that it is maximum at the Jowest
frequency and minimum at the highest frequency of
operation.

() ELECTRONIC KEYER. — (Refer to figure
2-22.) — On-off keying is accomplished by controlling
the bias of the first buffer, V501, and the first fre-
quency multiplier, V502, in accordance with the key-
ing impulses. Bias for these two tubes is obtained from
a tap near the electrical zero voltage point of a voltage
divider connected between the negative 400-volt bias
supply and the positive 600-volt low voltage supply.
This divider circuit is so proportioned that the voltage
from its center resistance, R560, to ground is essentially
zero. R560 is a potentiometer mounted on the control
panel of the electronic keyer and is designated as
KEYER OUTPUT. This control allows an exact ad-
justment of the zero voltage output from this divider
which corresponds to “carrier-on” condition. A keyer
tube, V507, which is a type 12AU7 dual triode, is
connected to a tap on the positive side of this divider
in such a manner that current drawn by one section
will upset the dividing ratio and consequently cause
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the voltage at the tap to become negative with respect
to ground. This will become clear on close inspection
of the schematic diagram. Note that the voltage divider
consists of R558, R559, R560, and R561 in series. Cut-
rent flowing to plate of the second section of V507 will
add to any current that was already flowing in R558
and therefore cause the junction of R558 and R559,
which is also the applied plate voltage, to shift in the
negative direction. This results in a negative voltage
being applied to the keyed tubes which causes plate
current cut-off and therefore a “carrier off” condition.

This keyer is arranged to accept keying impulses that
are negative, positive, polar negative, or polar positive
for mark. Since a negative voltage applied to the grid
(pin #7) of the second section will produce “carrier
on” condition, only this section is used for negative or
polar negative keying. The only difference between
these two types of keying is that for polar negative, a
cathode resistor, R557, is inserted to produce a pos?tive
cathode bias. This allows the tube to operate in a class
“A” condition so that the grid is affected by voltage
swings in both directions. In order to accept positive
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keying impulses, a phase inversion stage is inserted
ahead of the keyer. This stage is the first half of V507
and has a voltage gain which is adjusted to unity. The
entire keyer is direct coupled. A variable resistor, R554,
is required in the output section of the first or phase
inverter half of this keyer to allow adjustment of the
average d-c voltage applied to the second section of the
keyer by the phase inverting section. The procedure
for making this adjustment is very simple and is ex-
plained in detail in a later section.

Although it would be possible to key the transmitter
manually by utilizing test keys to ground the output
of this keyer and thus turn on the carrier, this would
give no assurance that the keyer itself was functioning
properly. A keying test voltage is therefore developed
and applied to the keyer input through the contacts
of the test keys for manual keying. Since there are four
choices of keying impulses that will operate this keyer,
the test keying circuit must deliver voltage to suit the
requirements of each. The circuit shown in figure 2-23
consists of a network of resistors connected as voltage
dividers between the negative 400-volt and the positive
600-volt power supplies. By appropriate choice of re-
sistance values, 50 volts for mark with the required
polarization is made available at the test key terminals.
The required test keying voltage is automatically set
up by the selector switch which sets up the keyer itself
for a given type of keying impulse. This switch is
operated from the front panel of the keyer.

(¢) DRIVER. — (Refer to figure 2-21.) —
The driver stage, V504, employs a type 4-400A high
gain tetrode tube. It amplifies the signal from the
second multiplier a sufficient amount to drive the
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Simplified Schematic — RF Unit T-225A/FRT-5, Electronic Keyer

push-pull amplifier. Although V504 is a well-shielded
screen grid tube, some neutralization is nevertheless
required. To provide this neutralization, C519 feeds
back a small amount of out-of-phase voltage.
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Figure 2—-23.

A single coupling circuit provides a high impedance
load for the driver and delivers push-pull excitation
voltage to the low impedance grids of the intermediate
power amplifier. A constant voltage ratio of about
5 to 1 is maintained between the driver swing and the
intermediate amplifier grid swing. These functions are
performed simultaneously and uniformly over the full
4000-26,000-kc range by a single coupling circuit. The
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tuning is done by a single motor which drives all of
the components.

To better explain the method of obtaining push-pull
excitation from this circuit, figure 2-24 will be used.
For this discussion, only the equivalent r-f circuit is
necessary so that the d-c block capacitors designated as
C527, C528 and C529 may be considered as being short-
circuited. It is then seen that the inductive branch of

DRIVER
4-400A
V=304 _ C-526 , 4 <
25-500 (N 3
<
' «
L-509 ¢\ 4 GRID, (W)
== ~ f c-533 *v-506 | 3
n ~ o
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- S it .
Nc-529 /40 o

Figure 2—24. Schematic — RF Unit T-225A/FRT-5,
Driver to PA Coupling Circuit

the tank may now be thought of as consisting of L509
and C534 in series, and that the capacitive branch may
be thought of as C526 and C533 in series. Because C533
and C534 are equal the voltages developed across them
will be equal provided the current through them is
equal, and, since the tank current flows through them
in the opposite directions, the voltages developed will
be 180° apart. To insure the equality of these voltages,
balancing capacitors C521, C532 and C535 are con-
nected in parallel and to ground from one side of C534.
This balancing capacitance provides a return path for
the current which flows to ground through the driver
tube output capacitance.

Variable inductor L509, variable capacitor C526, and
variable loading capacitors C533 and C534 are geared
together and positioned simultaneously by a servo-
motor drive which tunes the circuit across the fre-
quency range.

(d) POWER AMPLIFIER. — (Refer to figure
2-25.) =~ The power amplifier is a grounded cathode,
cross-neutralized push-pull class “C” amplifier. It
utilizes two type 3X2500A3 air-cooled triodes, V505
and V506. A preventable oscillation is inherent in this
stage in the vicinity of 50 mc. At this frequency the
neutralization circuit feedback can be excessive because
of the series inductance of the neutralizing capacitor
and its leads. For this reason, the neutralizing leads of
the power amplifier contain oscillation suppressors
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composed of C539, C540, E523, E524, and two shunting
copper straps. These suppressors are made resonant at
the frequency to be suppressed. This effectively re-
duces the excessive neutralizing feedback at the un-
desired frequency and hence prevents oscillation.

The plate tank of the power amplifier consists of a
push-pull, balanced, parallel-resonant circuit composed
of capacitors C569 and C570 and inductors L516 and
L517. These inductors and capacitors are continuously
variable and simultaneously driven with the proper
gear ratio by a tuning motor. The circuit is variable
over the entire frequency range of 4000 kc to 26,000
kc, with an essentially constant “Q”. Because of tube
and circuit capacity, the “Q” does rise slightly at the
higher frequencies.

1. PA CONVERSION FOR LINEAR AM-
PLIFICATION. — The circuit that is normally em-
ployed at the grids of the power amplifier is designed
to present a high impedance load to the type 4-400A
driver tube and to deliver balanced push-pull voltage
to the relatively low impedance grid circuit of the
PA. This is not a suitable circuit for accepting drive
from an external exciter such as the Western Electric
type D-156000 single side-band suppressed carrier
transmitter. Therefore the power amplifier must be
modified slightly for such operation. Figure 2-26 is a
simplified schematic of the power amplifier input
circuit following conversion for linear amplifier
operation.

It is necessary to operate the PA as class “B” stage
in order to obtain the required linear amplification
with reasonable efficiency. Ordinarily the power am-
plifier is operated as a class “C” stage and is biased to
about twice the cut-off voltage which is negative 280
volts. With class “B” operation, however, plate current
must flow for 180° or for one-half of a cycle; thus the
power amplifiers must be biased just to cut-off. This
condition is met after the modification is complete.
Under these conditions, and with no grid signal, the
static plate current is almost zero. With excitaticn, the
plate signal will be an exact replica of the input or
grid signal.

A careful adjustment of the drive voltage and load-
ing is required in order to produce this linear relation-
ship. The tuning procedure for single side-band opera-
tion, given in Section 4, assures that these conditions
will be met. However, a short explanation of what is
to be accomplished during tuning may help to clarify
both the theory and the tuning procedure.

In any amplifier the maximum peak r-f plate voltage
that can be developed is always less than the applied
plate voltage. Conventional triodes usually develop be-
tween 80 percent and 90 percent of the applied plate
voltage when operated as class “C” amplifiers.
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Figure 2—26. Simplified Schematic — RF Unit

T-225A/FRT-5, Single Side-band Excitation Input

For linear amplifier operation the plate current and
therefore the peak r-f plate voltage must be linearly
related to the peak r-f grid voltage. Plate load resist-
ance, r-f drive voltage, and bias must be carefully
balanced to obtain this linear condition while at the
same time delivering a maximum of useful output
power. Since the peak r-f plate voltage swing is pretty
well established regardless of operating conditions, any
variation of the load resistance must be accompanied
by an equal variation in the r-f plate current in order
to maintain this voltage. This means that for linear
operation a range of linear grid voltage plate current
conditions must be found and utilized. The low or zero
voltage point is determined by the operating bias
which in the case of a class “B” linear amplifier is
slightly above plate current cut-off. Departure from
linearity at the maximum voltage end is usually the
result of a grid voltage that is positive and ap-
proaching the instantaneous value of the plate volt-
age, thus deflecting many of the electrons from
their intended destination at the plate to a new
destination, the grid. This of course increases the grid
current and requires considerable power from the
driving source. A limit of maximum grid swing must
be chosen that is sufficiently lower than this so thect
the linear grid-voltage to plate-current relation still
exists. At this operating condition maximum r-f grid
swing, maximum r-f plate swing and maximum r-f
plate current occur simultaneously. Steady operation
under this condition is usually not possible because of
excessive plate dissipation so actual adjustments requir-
ing a steady carrier must be made at reduced operating
conditions. Usual practice in AM service is to adjust for
one-half the value of both grid and plate swings, so
that the full range of the tube’s capabilities will be
utilized at 100 percent modulation when all voltages
double. This is accomplished by actually setting the
grid voltage to a value which is predetermined to be
one-half of the linear swing capability, and adjusting
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the plate load until one-half of the maximum plate r-f
swing exists. Power output under this condition is
then one-quarter (since voltages are one half and
power varies as squate of voltage) of the peak available
power.

A similar reasoning can be made in the case of the
single side-band adjustment, except there is no good
reason for choosing the factor of one half. It might
just as well be one sixth or some other fraction as
long as the plate load is adjusted for a swing that is
the same fraction of the maximum plate swing. A
value of one half is suggested because the same
settings can also be used for AM linear amplifier
adjustments.

Peak reading r-f voltmeters are permanently installed
on the r-f tank circuits to facilitate these adjustments.

It is very important that the values given in Section
4 under tuning procedure be properly set up. If the
grid swing is set to less than the recommended value,
the plate swing could still be easily adjusted to the
value shown and thus keep within the dissipation
rating of the tube. In order to do so, however, the
power amplifiers would have to be underloaded which
would result in an increase in efficiency, but at the
same time a decrease in power output. On the other
hand, if the peak grid swing were made more than the
recommended value it would be necessary to load the
PA more heavily, by decreasing the load resistance,
which would in turn result in increased power output
but decreased efficiency for the stage. Optimum power
output at a reasonable value of efficiency will be ob-
tained if the grid and plate swings are properly ad-
justed as described.

Peak power output under these conditions should
be 8 kw. This value corresponds to an AM carrier
power level of 2 kw.

(e) OUTPUT COUPLING CIRCUIT. — Coup-
ling between the PA stage and the 600-ohm trans-
mission line is effected by a parallel-resonant cir-
cuit consisting of two oppositely wound inductors,
L518 and L519, and two variable capacitors, C571 and
C572. These units are mounted on a platform which is
suspended from rails in the top of RF Unit T-225A/-
FRT-5. The position of this platform, as varied by a
chain drive and motor, governs the amount of mag-
netic coupling between the plate tank inductors (L516
and L517) and the inductors of the coupling network.
When operating into a 600-ohm transmission line, ca-
pacitor C571 must be removed at the lower frequencies
(see figures 2-25 and 4-12). This is accomplished by
shorting each end of the capacitor to ground by means
of the shorting straps provided.
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At the higher frequencies (above 10 mc), the in-
ductance of the leads becomes appreciable and it be-
comes difficult if not impossible to obtain the proper
loading because of the low circuit “Q”. To correct this
condition, C571 is inserted in the circuit by pulling
out the shorting strap. This allows the circuit to be
properly loaded by virtue of its higher “Q”.

(3) RF UNIT T-225A/FRT-5 — AUXILIARY
FEATURES.

(a) TUNING SYSTEM. — (Refer to figure
2-27.) — All variable resonant circuits are motor
operated and servo positioned from front panel con-
trols. A small reversible a-c motor is mechanically
coupled to each of the variable circuits, and is in turn
controlled by a pair of relays, K801 and K802, located
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within a servo amplifier chassis. The servo positioning
system is basically an a-c bridge circuit in which one
branch consists of a variable voltage divider or potenti-
ometer mounted on the control panel and set by the
operator, while the other arm consists of a variable
voltage divider mechanically coupled to the motor-
driven circuit. The arrangement is such that the bridge
will always seek a balance by closing the appropriate
motor relay until the balance is obtained.

In order to increase the bridge sensitivity, and there-
fore the setting accuracy, and also to give “sense” to
the bridge, a vacuum tube amplifier is used as a
detector. This is referred to as the servo amplifier. This
amplifier consists of a push-pull voltage amplifier,
V801, followed by a push-pull relay control stage,
V802. The operating voltage for this bridge is approxi-
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Figure 2—27. Schematic — RF Unit T-225A/FRT-5, Servo Amplifier

mately 30 volts, 60 cps. This voltage is applied simul-
taneously to both the front panel control and the mo-
tor positioned control. Since both of these controls are
voltage dividers, the divider ratios will be alike when
the controls are identically positioned, and there will
be no voltage difference between the variable arms.
If, however, they are not identically positioned, the
divider ratios will be different, and a voltage will be
developed that is proportional to the difference in the
position of the arms. The first stage of the servo am-
plifier, V801, has this difference voltage applied to its
grids, and it in turn applies amplified push-pull volt-
age to the grids of the relay control tube V802. This
relay control tube operates with 60-cps a-c plate volt-
age. Both plates of V802 are supplied from the same
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source so that their plate voltages are in phase. Since
the grids are fed push-pull, only one of the two sec-
tions will have its grid and plate positive at the same
time. Therefore only one section will draw current at
any given time. The particular section of V802 which
draws current and therefore closes the motor relay
depends on the phasing of the voltage fed into the
amplifier from the bridge. Because of this arrange-
ment, the appropriate relay will operate to bring the
bridge into balance and therefore position the asso-
ciated transmitter component to coincide with the
control dial setting.

Power for the six servo amplifier units in RF Unit
T-225A/FRT-5 is obtained from a special power sup-
ply (Z901) which employs a type 6X4 tube (V901) in
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a single-phase full-wave rectifier circuit together with
a three-section RC filter network. In this power sup-
ply transformer T901 supplies filament voltage to all
servo amplifier tubes, as well as the rectifier tube in
the power supply itself. Transformer T902 has three
windings. The first supplies 250 volts which is recti-
fied, filtered, and fed to the plates of the voltage
amplifier tubes. The second supplies 300 volts and is
connected to the plates of the push-pull relay control
stage through their associated relay coils. The third
supplies 30 volts to operate the bridge circuit. Trans-
former T903 has one tapped winding which supplies
voltage to operate the drive motors. All transformer
primaries are equipped with fuses, and indicator lights
to indicate when fuses are blown.

(b) METERING AND MONITORING PRO-
VISIONS. — Provisions are made for metering the
cathode current of all of the r-f tubes in the equip-
ment. Eight permanently mounted diode voltmeters
are also included in the equipment for use in measuring
the peak r-f voltages. These are a valuable aid when
tuning the equipment, as well as when setting it up
for single side-band operation.

A continuous check of the cathode current of the
driver amplifier, and the total plate current of the
power amplifiers is maintained by meters M501 and
M502. These meters have 0-500 ma and 0-8 amp ranges,
respectively, and are located on the upper front door
of RF Unit T-225A/FRT-5.

Two 0-1 ma meters, M505 and M506, are mounted
on the upper front door of RF Unit T-225A/FRT-5 and
are labeled EXCITER TEST #1 and EXCITER TEST
#2, respectively. Each monitors five different circuits.
The two meters are switched into the various circuits
simultaneously by means of a single selector switch,
S503. Their scales are arbitrary, the full-scale reading
for each position of the switch being indicated opposite
the switch pointer. Meter M505 (EXCITER TEST #1)
checks the buffer amplifier cathode current, the Ist
multiplier cathode current, the 2nd multiplier cathode
current, and the peak r-f voltages in the grid circuits
of the left and right power amplifier tubes. Meter
M506 (EXCITER TEST #2) checks the combined
buffer and Ist multiplier grid current, the grid cur-
rent of the 2nd multiplier, the grid current of the
driver, and the peak r-f voltages in the plate circuits
of the left and right power amplifier tubes.

The meter designated PA TEST (M507) is a 0-1
ma meter mounted on the upper front door of RF
Unit T-225A/FRT-5. This provides metering of the
individual cathode and grid currents of the power
amplifier tubes, as well as the total grid current for
the stage, according to the setting of selector switch
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$504. Meter M507 has arbitrary scales, the proper full-
scale reading for the various circuits being indicated
opposite the pointer on selector switch S504.

Antenna current is measured by meters M503 and
M504 located on top of RF Unit T-225A/FRT-5. These
meters have switches (S505 and S506) which allow
them to be inserted or removed from the lines at the
will of the operator, but are normally left out.

A sample of the r-f voltage applied to the grid
of the 1st buffer, which is between 2000 kc and 4000
ke, is fed to an external frequency monitoring circuit
through coaxial jacks and plugs and designated as
J503, P503, J506 and P506.

¢. POWER SUPPLIES.

(1) GENERAL. — This portion of Radio Trans-
mitting Set AN/FRT-5A consists of a main power
supply unit and a power distribution system whose
primary function is to supply and control the operat-
ing power of the r-f unit.

(2) PRIMARY (230 VOLTS) DISTRIBUTION
SYSTEM. — All 230-volt three-phase primary power
is brought in from the main bus through three 50-
amp fuses (F403, F404 and F405) located in Power
Control C-587A/FRT-5.

This power is distributed to the various sections
of the transmitter through automatic over-current
breakers. Six of these breakers are located on the con-
trol panel of Power Supply PP-490A/FRT-5, and one
in Power Control C-587A/FRT-5. They distribute the
230-volt power as follows:

(a) 230 volts, single phase, to —

1. Servo power supply for RF Unit T-225A/-
FRT-5.

2. Bias and low voltage supply for RF Unit
T-225A/FRT-5.

3. Power amplifier filament transformers.

4. Control circuits for Power Supply PP-
490A/FRT-5 and RF Unit T-225A/FRT-5.

(b) 230 volts, three phase, to —

1. Filament transformers for RF Unit T-
225A/FRT-6, excluding power amplifiers.

2. Blowers for RF Unit T-225A/FRT-5 and
Power Supply PP-490A/FRT-5.

3. Power Control C-587A/FRT-5.

(3) POWER SUPPLY PP-490A/FRT-5.

(@) BIAS SUPPLY. — (Refer to figure 2-28.)
— The bias supply for the r-f tubes in RF Unit T-
225A/FRT-5 develops 400 volts, negative to ground.
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Figure 2—28. Simplified Schematic — Power Supply PP-490A/FRT-5,

Bias Supply Section

When no grid current is being drawn by any stage
it is loaded to 0.8 ampere by bleeder resistors R301,
R302, R303, R343 and R344. Bias for the power
amplifier is obtained from the tap on variable resistor
R302. This tap permits adjustment for class “B” opera-
tion and is an aid to the control of keyed wave shape.
Since the final amplifier grid current is in opposition
to the bias bleeder current, the load on this supply
drops to about 200 ma during “carrier on” conditions.
All other r-f stages are provided with cut-off bias from
this supply.

This supply is a conventional single-phase full-wave
circuit utilizing two type 3B28 xenon-gas-filled recti-
fiers and a single-section choke-input type filter. Bias
interlock relay K307 and its shunt R352 are in series

with the bleeder resistors so that a portion of the
previously mentioned bleeder current must flow
through them. Since this relay must be closed before
either the low voltage d-c or the high voltage d-c
power supplies can be energized, it serves as an effec-
tive bias interlock.

(b) LOW VOLTAGE D-C SUPPLY. — (Refer
to figure 2-29.) — A d-c potential of 600 volts to
operate the crystal oscillator and frequency multiplier
stages, and to supply screen voltage for the driver, is
developed by the low voltage d-c supply. This supply is
a conventional single-phase full-wave circuit utilizing
two type 3B28 rectifier tubes. A single-section choke-
input filter and a moderate bleeder constitute the re-
mainder of the supply.
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Figure 2—29. Simplified Schematic — Power Supply PP-490A/FRT-5,
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(¢) HIGH VOLTAGE D-C SUPPLY. — (Re-
fer to figure 2-30.) — A d-c potential of 5500-6000
volts for operation of the power amplifier is sup-
plied by the high voltage supply. This supply utilizes
a three-phase full-wave rectifier circuit which re-
quires six type 4B32 xenon-gas-filled rectifier tubes.
The filter consists of a single reactor followed by two
2-mf capacitors in parallel. A heavy bleeder which
dissipates approximately 600 watts is used to help
maintain constant voltage during keying. As a further
effort to minimize the transient voltage dip during
keying, the filter reactor is shunted by 1000 ohms of
resistance consisting of R305, R306, R323, and R333.
These resistors prevent the very high voltage from
building up across the filter reactor during sudden
current changes such as occur when the key is opened
or closed. Without these resistors a voltage equal to
50 percent or more of the supply voltage might mo-
mentarily be developed at the moment of key closing.
Such voltage would subtract from the available supply
voltage and produce a transient modulation of the
keyed pulse. These resistors minimize this transient
modulation so that it does not exceed 20 percent to
25 percent at its worst condition. For single side-band
operation or frequency-shift keying operation, better
filtering is obtained with these resistors removed.
Resistors R308 and R309 constitute a series resistance
of 42 ohms in the d-c line to the power amplifier.
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They are inserted to minimize the current surge in
the event of an amplifier tube arc-back or any d-c arc-
over in the power amplifier. Without these resistors
such arc-overs or flash-backs would have almost un-
limited peak currents because they would be discharg-
ing the filter capacitors directly.

This power supply is capable of delivering approxi-
mately 4.5 amperes at its rated voltage. This would
appear to be beyond the normal rating of a three-phase
full-wave rectifier using type 4B32 tubes, according to
published and standard information which gives a
rating of 3.75 amperes. However, the filament emis-
sion rating of any gas vapor rectifier can be doubled
by operation with the filament voltage 60°, 90° or
120° out of phase with the plate voltage. This sim-
ply allows the plate current pulse to flow during
the time that there is very little difference in voltage
between the ends of the filament, and thus allows a
uniform distribution of the emission current over the
length of the filament. With normal in-phase opera-
tion, on the other hand, plate current flows at a time
when the voltage difference between ends of the fila-
ment is maximum, in which case the majority of the
emission takes place at the negative end of the filament.

This doubling of average current rating is not often
attainable in small size mercury-vapor tubes because
the gas temperature rise, which aggravates flash-backs,
becomes too great long before double current is reached.
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Xenon gas, however, is very stable over a wide range of
temperatures and therefore is not as severely affected
by the increase in current as is mercury.

This rectifier has been very carefully phased so that
all tubes are operating with either 120° or 60° phasing
between filament and plate voltages. Therefore it is
actually operating quite conservatively at 4.5 amperes.

The high voltage fed to the rectifier tubes is obtained
from external Power Transformer TF-122/U. The pri-
mary circuit of this transformer (T401) has a manu-
ally operated DELTA-WYE-OFF switch for changing
the transformer primary connections or opening them
completely. Also located in the primary line are con-
tactor K402 and a set of tune-up resistors. Contactor
K402 is operated by the TUNE-OPERATE switch lo-
cated on the control panel of Power Supply PP-490A/-
FRT-5. When the TUNE-OPERATE switch is in the
HYV TUNE position, contactor K402 is open and tune-
up resistors R401 through R406 are in series with the
primary line, thus dropping the voltage to the power
transformer. When the TUNE-OPERATE switch is
turned to OPERATE position, contactor K402 is oper-
ated, shorting out the tune-up resistors, and full voltage
is applied to the primary of power transformer T401.
Filament voltage for the power supply rectifier tubes
is provided by transformers T301 through T306 in-
clusive.

(d) METERING PROVISIONS. — Three
meters mounted on the upper front door of Power
Supply PP-490A/FRT-5 provide metering of all im-
portant voltages connected with RF Unit T-225A/-
FRT-5 and Power Supply PP-490A/FRT-5. Meter
M301 (P.A. PLATE VOLTAGE) is a 0-8 kv meter
which monitors the plate voltage of the power ampli-
fiers at all times. The other two, A.C. LINE VOLT-
AGE meter M302 and P.A. FILAMENT VOLTAGE
meter M303, are simultaneously cut into the desired
circuits by a two-gang five-position selector switch
(S314). Meter M302 is a 0-300 v voltmeter which
checks the three phases of the primary line voltage in
the first three positions of selector switch S314, and
indicates the output voltage of the regulating trans-
formers (T311 and T312) in positions #4 and #5.
When the switch is in positions #4 and #5, meter
M303, a 0-10 v voltmeter, simultaneously indicates the
filament voltages on the left and right power amplifier
tubes, respectively.

d. POWER CONTROL CIRCUITS.
(See figure 2—-31.)

(1) RF UNIT T-225A/FRT-5 AND POWER
SUPPLY PP-490A/FRT-5. — The power control cir-
cuits of RF Unit T-225A/FRT-5 and Power Supply
PP-490A/FRT-5 are divided into two parts, viz, the
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filament and blower control circuits and the d-c con-
trol circuits. In more detail, they are as follows:

(2) FILAMENT STARTING SEQUENCE. —
The normal filament starting sequence can be accom-
plished with only the filament and blower circuit
breakers S301, S304, and S305 closed, and all other
circuits de-energized. Starting is accomplished by
throwing the front panel toggle switches, S307 and
S$510, which are in series, to their FILAMENT posi-
tions. These toggle switches have red handles and are
also marked as EMERGENCY OFF switches. They are

~so marked because they control the primary relays,

and therefore provide the best possible “emergency
off” circuit. Further, since both switches must be in
the ON position for the equipment to be operating,
either switch when thrown to the OFF position will
cause a complete shutdown.

If the LOW LEVEL FILAMENT circuit breaker
(S304) is closed, the LOW LEVEL FILament con-
tactor, K301, may be operated through the front panel
toggle FILAMENT ON-OFF switch (S307). This cir-
cuit will function even though all other circuit break-
ers are open. Next, if the BLOWER circuit breaker
(S301) is closed, or has previously been closed, the
blower will start up through BLOWER contactor
K302. Contactor K302 receives its power from the
blower circuit, but requires that the LOW LEVEL
FILament contactor (K301) be closed before it can
close to start the blowers. Once closed, however, the
BLOWER contactor (K302) will remain closed for a
set time interval after the filament contactor has been
released as determined by BLOWER HOLD ON TIME
delay relay K305. Once the blowers have started, all
other circuit breakers in the transmitter can be opened
without shutting down the blowers themselves. The
blowers will continue to run until the set time has
elapsed or until the BLOWER circuit breaker is thrown
off. If the P.A. FILAMENT circuit breaker (S305)
is closed or has previously been closed, the filament
transformers will be energized through the P.A. FIL-
ament contactor (K303). Although K303 receives its
power from the P.A. FILAMENT circuit breaker, it is
interlocked through an air interlock, S511, in the
blower air stream, and an auxiliary contact on the
LOW LEVEL FILament contactor, K301. An auxiliary
contact on P.A. FlLament contactor K303 interlocks
with the plate voltage control circuit, preventing ap-
plication of plate voltage if the contactor is not closed.

It will be noted from the schematic that the low level
filament circuit consists of 10 separate filament trans-
formers. The primary voltage to these transformers is
maintained constant by voltage regulating transformers
T311 and T312. These are special transformers in that

ORIGINAL



THEORY OF
OPERATION

they are tolerant of a 5 percent frequency variation.
Their regulating ability, in the face of primary line
voltage changes, is excellent. Their design, however, is
such that the secondary voltage, which becomes the
line voltage for connected loads, is greatly dependent
on the magnitude and power factor of the connected
load. The load on these transformers has been set as
close as is practical to the required load value. If any
of these loads is disconnected, it is normal for the
transformer voltage to rise. However, this is not a
normal operating condition and therefore is not a
matter for concern.

The filament voltages on the power amplifier tubes
are manually controllable over a 10 percent range by
means of four primary taps on the filament transformer
and a series line resistor in the primary of each fila-
ment transformer (T505 and T506). The resistors,
designated as R326 and R327, are located on the power
bay control panel, while the primary tap switches,
designated as S$512 and S513, are located on the front of
RF Unit T-225A/FRT-5 directly above the vacuum
tube keyer.

The filament pilot lamps, which are the left-hand
lamps on each of the upper front doors, are valuable
status indicators. It will be noted that the pilot lamp
on the power bay is connected across the load side of
the voltage regulating transformer, thereby indicating
that power is present on the primaries of the low level
filament transformers. However, the filament pilot
lamp on RF Unit T-225A/FRT-5 is connected across
the coil of the power amplifier filament contactor so
that it indicates definitely that this contactor is closed,
that the blowers are operating, and that the power
amplifier filament breaker is closed.

(b) PLATE POWER SEQUENCE. — Low
voltage and bias voltages are obtained through a com-
mon breaker, $302, while the high voltage is supplied
through a special motor-operated circuit breaker,
K401, located in Power Control C-587A/FRT-5. Circuit
breaker K401 doubles as a plate start-stop contactor.
"Control voltage for operation of these d-c supply con-
trols is fed through CONTROL CIRCUIT breaker
S303. The control circuits are interlocked through PA
FILament contactor K303. An energized control circuit
is indicated by the lighting of the meter lights. Ar-
rangements have been made so that the control circuit
will not be energized untii CONTROL CIRCUIT
breaker S303 and P.A. FIlLament contactor K303 are
closed. Alternatively, failure of either circuit breaker
or contactor will de-energize the control circuit and
remove all plate and bias voltages. In addition the cir-
cuit is arranged so that a bias voltage must exist before
the low or high voltage contactor will close, while the
LOW VOLTAGE supply contactor, K308, must be
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energized before the high voltage contactor will remain
closed. All contactors directly controlling the d-c sup-
ply voltages are interlocked with the cabinet doors
through a series-connected door interlock circuit in-
corporated in the control circuit.

The BIAS voltage contactor, K306, is energized auto-
matically at the end of the filament heating time delay
by the closure of the FILament TIME DELAY relay,
K304, provided that the CONTROL CIRCUIT and
LOW VOLTAGE AND BIAS circuit breakers are
closed, that the BLOWER, LOW LEVEL FlILament
and P.A. FILament contactors are energized, and that
all interlocked doors are closed. Low voltage dc will
be applied instantly when the PLATE ON button,
which energizes the LOW VOLTAGE contactor
(K308), is depressed, provided that the bias voltage is
adequate to energize BIAS interlock K307.

A BIAS pilot lamp on RF Unit T-225A/FRT-5 and
a LV pilot lamp on Power Supply PP-490A/FRT-5
indicate when primary voltage is present at these
supplies.

High voltage dc will be applied approximately one-
third of a second after depressing the PLATE ON
button, provided all the interlock circuits are closed.
Red pilot lamps on both units indicate that high volt-
age should be present. The interlocked components, in
addition to the one already mentioned, are the d-c
overload circuits and the manual TUNE-OPERATE
SWITCH. The d-c overload relays consist of a left PA
overload (K324), a right PA overload (K325), a
H.V.D.C. OVERLOAD (K319) and a DRIVER
OVERLOAD (K326). Their respective contacts are
connected in series with each other and in series with
the under-voltage release coil (K401A) of the high
voltage circuit breaker (K401).

The circuit breaker for the high voltage supply is
a high-speed, high-interrupting-capacity unit with
motor operation and the above-mentioned under-volt-
age release coil. It serves as a high voltage on-off con-
tactor and, at the same time, provides a-c overload pro-
tection through the use of both thermal and magnetic
trip units. The thermal trip unit is set at 125 amperes
and will allow continuous operation at up to 20 per-
cent overload and five seconds of operation at 800
percent overload. The magnetic trip unit is adjustable
from 400 to 1250 amperes and is accessible for adjust-
ment when the front cover of the circuit breaker is
removed. The normal recommended setting is 400 am-
peres. In the circuit diagram, the complete circuit
breaker is designated as K401. The motor is shown as a
circle and the under-voltage release coil as a winding.
With this breaker, the under-voltage release coil must
be continuously energized in order to hold the circuit
closed. Opening this under-voltage circuit causes in-
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stantaneous trip-out of the breaker. Since this coil re-
ceives its energy from the control circuit through the
d-c overload contacts, the interlocking contacts on both
the bias voltage supply and low voltage supply contac-
tors and all of the door interlocks, opening of any of
these contacts will cause instantaneous trip-out of the
breaker. The circuit is arranged so that if the main cir-
cuit breaker under-voltage release coil is de-energized
and the TUNE-OPERATE SWITCH is in the LOW
VOLTAGE TUNE position, the circuit breaker starting
motor will run the circuit breaker to the reset position
and stop without closing the main contacts when the
PLATE ON button is depressed. If, however, the
TUNE-OPERATE SWITCH is in either the HIGH
VOLTAGE TUNE or the OPERATE position, and
the under-voltage release coils are still de-energized,
the circuit breaker starting motor will continue to run
but still will not close the main contacts while the
PLATE ON button is depressed. In other words, the
under-voltage release coil must be energized before
the main circuit breaker contacts will close, even
though the motor may appear to function normally.
The manual TUNE-OPERATE SWITCH, previously
mentioned as an additional interlock on the high volt-
age, is a three-position switch. In the first position,
LOW VOLTAGE TUNE, the main circuit breaker
motor circuit is opened for the closing direction so
that the circuit breaker can run to the reset position,
but no farther. Only low voltage dc can be applied in
this position. The second position, HIGH VOLTAGE
TUNE, allows the main circuit breaker to close, ap-
plying high voltage but leaving resistors in the pri-
mary line of the high voltage transformer for tuning
purposes or reduced power output. The third position,
OPERATE, activates the HIGH VOLTAGE STEP-
STARTER INTERVAL timer, K318, through the con-
tacts of the MAIN BRKR AUXiliary K311, which in
turn activates the TUNE RESISTOR SHORTING con-
tactor, K402, thus shorting the tuning resistors and
providing normal operation. The TUNE-OPERATE
switch can be operated from the LOW VOLTAGE
TUNE position to HIGH VOLTAGE TUNE or
OPERATE position without shutting down the plate
voltage. Once the high voltage supply has been turned
on, the TUNE-OPERATE SWITCH will not shut it
off. This supply can be switched back and forth be-
tween the “high voltage tune” and the “operate” condi-
tions at the will of the operator, but a return of the
low voltage tune condition requires that the d-c volt-
ages be manually shut down and restarted by means
of the momentary push buttons with the tune operate
switch in the LOW VOLTAGE TUNE position.

(¢) AUTOMATIC RESTART CIRCUIT. —
This circuit incorporates a complete automatic restart-
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after-overload feature. For a short interval of time after
manual start up, adjustable from 0 to 30 seconds on
NON-AUTOmatic RESTART INTERVAL timer
K312, any overload will cause the low voltage and
power amplifier voltage supplies to shut off and stay
off. During this interval the NON-AUTOmatic RE-
START AUXiliary contactor K320 completes the cir-
cuit to the reset coil (K315B) of RESTART CYCLE
COUNTER (K315) to prevent the counter from step-
ping to any other than the first contact. At the end of
this interval, the NON-AUTOmatic RESTART AUX-
iliary relay is de-energized, allowing recycling to take
place in the event of subsequent overloads.

The number (adjustable from 0-8) of automatic re-
cycles which may take place before the transmitter
locks out can be preset by manual operation of the
selector switch on RESTART CYCLE COUNTER
S317. However, these consecutive overloads must occur
within an adjustable time interval of 0-15 minutes, as
determined by the AUTOmatic RESTART INTER-
VAL timer, K316, in order to cause the power supplies
to lock out.

If an overload occurs after the initial “non-
automatic restart” period following manual start, it
energizes the RESTART INTERVAL TIMER AUX-
iliary K313, which locks up through the contacts of
AUTOmatic RESTART INTERVAL timer, K316; re-
sulting in the lighting of the automatic restart indica-
tors, which are designated OVERLOAD on the front
of each bay. Timer K313, in turn, energizes the LOCK-
OUT ALARM AUXiliary, K321, and the AUTOmatic
RESTART INTERVAL timer, K316. The occurrence
of this overload also energizes the stepping coil
(K315A) of RESTART CYCLE COUNTER K315
causing the counter to move to the next contact. If no
more overloads occur within the interval of time de-
termined by the AUTOmatic RESTART INTERVAL
timer, the reset coil (K315B) of RESTART CYCLE
COUNTER K315 is energized, resetting the RESTART
CYCLE COUNTER to its initial position, the same as
after manual start. If, however, the overloads and auto-
matic restarts continue to occur within this interval
of time, the RESTART CYCLE COUNTER is stepped
to the contact that opens the circuit to the NON-
AUTOmatic RESTART INTERVAL timer, K312.
This results in the LOW VOLTAGE contactor, K308,
being de-energized causing the power supplies to lock
out and the LOCK-OUT ALARM horn, 1310, to sound
an audible warning.

(d) AUTOMATIC SHUT-DOWN CIRCUIT.
—An automatic shut-down circuit is incorporated in
the control circuits of this transmitter. It consists of a
thermal relay, K322, located in the cathode circuit of
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the power amplifier and an AUTOmatic SHUT-
DOWN TIME DELAY timer, K323, that is adjustable
from 0 to 30 minutes. The thermal relay contacts are
normally closed. The energizing coil in this relay is a
heater which controls the temperature of a bimetallic
strip upon which the moving contact is mounted.
Therefore, when the power amplifier is drawing cur-
rent, either continuously or intermittently, the heater
causes the contacts to part after a few seconds delay.
When the current through the heater is interrupted,
the bimetallic element starts to cool so that in the
event the interruption continues for 60 seconds or
more, the contacts again close. These contacts are in
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series with the operating coil of AUTOmatic SHUT-
DOWN TIME DELAY relay K323 so that any time
they are closed, this timer is energized. This timer in
rurn has its normally closed contacts in series with
the coil of LOW VOLTAGE contactor K308, so that in
the event this timer is allowed to complete its cycle,
power to K308 will be interrupted, thus shutting down
the low voltage, and consequently the high voltage,
d-c power. This circuit can be rendered inoperative,
if so desired, by manual operation of a toggle switch
located on the front panel of the power bay and desig-
nated AUTO SHUT-DOWN.
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SECTION 3
INSTALLATION AND INITIAL ADUSTMENTS

1. GENERAL.

The entire AN/FRT-5A equipment, including
equipment spare parts, is packed in 13 wooden ship-
ping cases. The large transmitter and power supply
cabinets, the power control unit and the large power
transformer are each packed in a separate case. The
two top panels and two end panels used to make the
two large units into a finished assembly are packed
in two other cases. The accessories and the parts re-
quired for single side-band conversion fill a whole
case; the equipment installation materials fill another
case, and the spare parts chests, three cases. The two
remaining cases contain such fragile items as the vacu-
um capacitors and electron tubes.

The several cases involved are identified, and their
numbers, weights and dimensions summarized, in table
1-3 of this book. The contents of the individual cases
are listed in detail in the packing sheets shipped with
the equipment.

Components within the major units which are not
rigidly mounted, or which would be subject to shift-
ing during shipment due to their individual masses,
have been blocked up and either braced with wooden
shoring or tied with strips of tape. Items such as the
large ferrule-mounted resistors, which snap into place,
have been secured with tape. Only the very fragile
items, such as the electron tubes and vacuum capaci-
tors, have been removed and separately packed.

2. UNPACKING PROCEDURE.
To uncrate the two large units the following proce-
dure should be followed, and the precautions observed.

a. Place the packing case near the position in which
the equipment is to be installed.

CAUTION

USE EXTREME CARE WHEN MOVING
THE EQUIPMENT TO AVOID DAMAGE
TO THE CABINETS OR COMPONENTS.

b. Remove the steel straps used to reinforce the cor-
ners of the packing case.

¢. Remove the nails from the case using a nail puller.
d. Remove the sides and top of the packing case, but
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leave the skid, which is integral with the bottom of the
case, in place until the unit is moved to its final lo-
cation.

CAUTION

PRYING OFF THE SIDES MAY RESULT
IN DAMAGE TO THE EQUIPMENT. USE
CARE!

e. When the exact position for a unit is known, the
skid may be removed by lifting the unit from the skid
and setting it down in position, or by putting the skid
in position and then lifting the unit while the skid is
slid out from under it. A hoist of 115 tons capacity,
or equivalent manpower, will be required for this
operation.

f. Remove the bags of dessicant which have been
distributed throughout the transmitter for moisture
absorption.

g. Many of the components within the large cabinets
have been blocked in place by means of wooden sup-
ports and in some cases padding has been used to
protect the equipment from damage. Remove all of
this excess material. Untie all of the components that
have been bound with tape.

h. Carefully remove the smaller units from their
packing cases but do not install them until they have
been thoroughly checked.

i. While inspecting the equipment visually for dam-
age, check all the units and components received
against the master packing list.

3. INSTALLATION.

a. LOCATION. — Before selecting a permanent lo-
cation for the transmitter, the following factors should
be taken into consideration:

(1) The structure of the building should be
checked to make sure that the added weight of the
equipment will not strain the floor. The weights of
the various units are given in table 1-1.

(2) The room must be large enough so that suf-
ficient space around the transmitter is available, in
the event that repairs must be made.

(3) Adequate ventilation must be available.
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TABLE 3—1. CONDUIT AND WIRE SIZES
CONNECTION CONDUIT RECOMMENDED WIRE
Station power line switch to Power Control 2” #000 Underwriter’s Code RH
C-587A/FRT-5
Power Control Unit to Power Supply Unit - 17 #8 Underwriter’s Code RH
Power Control C-587A/FRT-5 to Power 2" #8 Underwriter’s Code RH
Transformer TF-122/U Primary
Power Transformer TF-122/U to Power 114" #14 High Voltage Wire such
Supply PP-490A /FRT-5 » as Neon Sign Cable
Power Control C-587A/FRT-5 to Power . 5 1”7 #14 Underwriter’s Code RH
Supply PP-490A/FRT-5 T
Power Control C-587A/FRT-5 to high 1" #14 Underwriter’s Code RH
voltage warning lights £, '

(4) The transmitter should be placed in a level
position to insure smooth working of the control shafts.
It must not be subject to vibration from external
sources.

A typical installation layout is shown in figure 3-1.
If an arrangement similar to this is decided upon,
mount Power Control C-587A/FRT-5 on the wall, with
Power Transformer TF-122/U directly below, or near-
by. Leave a six-inch clearance between the transformer
and the wall for ventilating purposes. Mount one of
the red HV warning lamps on the wall above Power
Control C-587A/FRT-5, and one on the ceiling above
the transmitter. Set the transmitter six and one-half feet
in front of the wall that mounts the power control
unit. The conduit and wires which connect the power
control unit and the power transformer to the trans-
mitter should be laid in a trench. Conduit and wire for
" making most of the connections required for this in-
stallation are included with the equipment. If the in-
stallation arrangement deviates from the typical ar-
rangement shown, it may be necessary to procure ad-
ditional wire and conduit.

b. EXTERNAL CONNECTIONS. — Refer to table
3-1 for conduit and wire sizes required for the power
and control lines.

Note

With the exception of the radio-frequency
transmission lines which are connected to the
antenna meters at the top of RF Unit T-
225A/FRT-5, all of the external connections
are brought through the bottom of the cabi-
nets to terminal boards.

(1) PRIMARY POWER CONNECTIONS. —
Connect two three-phase three-wire 230-volt a-c lines
from the station distribution panel to Power Control
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C-587A/FRT-5. Figure 3-3 shows the primary power
terminals to which these lines will be connected. It
will be noted that the three lines are connected directly
to the top or line terminals of the motor-operated
breaker (K401). Also note that these terminals are
already wired to fuses F403, F404 and F405. Do not
remove these wires. Interconnect RF Unit T-225A/-
FRT-5, Power Supply PP-490A/FRT-5, Power Trans-
former TF-122/U and Power Control C-587A/FRT-5,
as indicated on the inter-cabinet cabling schematic (see
figure 3-3). Using #14 wire run a separate 115-volt
line into RF Unit T-225A/FRT-5 and connect' it to
terminals #111 and #112 on terminal board E512. Fig-
ure 3-3 and the notes included thereon indicate wheth-
er cable or bulk wire is supplied. The notes in table
8-7 pertaining to hook-up wire designations will aid
in selecting the proper wire from the bulk wire fur-
nished. ‘

(2) KEYING AND MONITORING LINES. —
Using shielded wire, feed the keying and monitoring
lines out through the bottom of the transmitter and
lay them in the trench along with the conduit. Con-
nect the monitoring line to terminals #108 and #109
of terminal board E512, with the shield, or grounded,
side of the line on terminal #109. Connect the keying
line to terminals #110 and #111 of E512 with the
shield of grounded side on terminal #111.

(3) GROUND CONNECTIONS. — The trans-
mitter enclosure should be connected to a good ground
system which should include, as a minimum, all of the
metal parts of the building in the vicinity of the equip-
ment. These metal areas should be well bonded to-
gether and connected to the base of the transmitter
at as many places as is practical using wide copper strap
or heavy wire. Any connections made of flexible copper
braid should be kept as short as possible because this
material is not a particularly satisfactory conductor of
high frequency currents.
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¢. INSTALLATION OF COMPONENTS
REMOVED PRIOR TO SHIPMENT.

(1) GENERAL. — The only items removed from
the major units for separate packing are the fragile
electron tubes and vacuum capacitors, and certain ac-
cessories such as the antenna meters. However, the re-
installation procedure will also be given for certain
other items which may have been removed for re-ship-
ment of the equipment, or for other special reasons.

(2) ELECTRON TUBES. — When restoring
these to their proper places in the equipment the cir-
cuit symbols stamped on the cabinet adjacent to their
sockets can be used to look up identifying descriptions
in the table of replaceable parts. The tubes used are
listed in table 1-4 of this book and on the shipping
list.

(3) FERRULE-TYPE RESISTORS. — The large
ferrule-type resistors are shipped in place in their re-
spective clips, but are secured with strips of tape which
must be removed. If dislodged, or disarranged for any
reason, the circuit symbols stamped on the cabinet ad-
jacent to the clips can be used to locate identifying
descriptions in the table of replaceable parts. The JAN
type number is stamped on the ferrule of each resistor.
There are several of these in each of the r-f units and
in each of the power supply units.

(4) VARIABLE VACUUM CAPACITORS. —
These large glass units are used in the power amplifier
and output section of RF Unit T-225A/FRT-5. They
are terminal-mounted by tightening a clamping band
around the three-inch diameter annular contact surface
at each end.

Note

Variable vacuum capacitors require special
installation procedure. See details in Section 7
for specific circuits.

The fixed vacuum capacitors used in the volt-
meter assemblies (C1301 and C1305) should
be installed so that the inner anode of each
capacitor is connected to the plate or grid, as
applicable. The outer anodes of the capacitors
should be connected to the internal circuits
of the voltmeter assemblies. Care should be
taken to avoid breaking off the glass tip of
the capacitor when inserting it through the
rubber grommet.

(5) BOWL-TYPE INSULATORS. — The bowl-
type transmission line feed-through insulators are
mounted on the roof of RF Unit T-225A/FRT-5 (see
figure 3-1). They are secured by bolts inserted in holes
provided in the roof area.
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(6) ANTENNA METERS. — These box-like
units (M503 and M504) are installed on the roof of RF
Unit T-225A/FRT-5 by means of bolt holes provided.
They are shown in figures 1-1, 1-2, 3-1 and 3-2.

(7) COUPLING NETWORKS. — This unit is
located in the uppermost portion of RF Unit T-225A/-
FRT-5. It is heavy enough to require the efforts of two,
or preferably three, men to handle it, and must be
installed or removed through the rear doors.

Note

The procedure outlined below should be care-
fully followed or trouble will be encountered
when attempting to install this unit.

Make certain that the stop screw at the rear end of
the right-hand rail is removed. This screw is inserted
from the bottom and used to prevent the coupling
unit from rolling off its rack after it is in place. It
must be replaced following installation of the coupling
network.

Figures 3-8 and 7-28 show the unit, and figures 7-29
and 7-32 its placement. Note that the driving motor
and its gearing are located on the right-hand end as
viewed from the rear of the cabinet. The motor and
lead screw assembly shown in figures 3—14 and 7-32
must be removed in order to insert this antenna net-
work. This assembly is held in place by means of four
rows of screws at the top of the cabinet. It will be
necessary to lift the rear edge or remove completely
the top cover over this unit to gain access to these
screws. Before attempting to lift the coupler to the top
of the cabinet and roll it on to its tracks, make certain
that it is properly oriented and that the three small
wheels have not been damaged. After this unit is in
place on its tracks, immediately reinsert the stop screw
at the rear end of the right-hand rail. This is important
as it is very easy to roll this unit too far to the rear .
and allow it to drop.

A cable will be found hanging over the upper edge
of the right-hand plate tank shield. This cable is to be
connected to the coupling unit servo drive motor.
There is a soall double ring wire hook at the extreme
right end near the center of the coupling network plat-
form. The drive motor cable is to be slipped into this
ring before being connected to the motor. This insures
that the cable does not become entangled in the
gearing.

Replace the drive motor and lead screw assembly that
was removed in order to insert the antenna unit. Re-
move the drive chain from this unit, however, and lay
it aside for the time being. When the assembly has been
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properly secured, thread the lead screw into the float-
ing bearing on the antenna rack and, turning the lead
screw by hand, operate it until the antenna platform
is at its extreme rear position.

(8) PA FILAMENT TRANSFORMERS T505
AND T506. — These transformers are mounted on the
floor of RF Unit T-225A/FRT-5 (see figure 7-31).
The wires connecting to them are clearly marked to
identify proper connections.

(9) FUSES. — The fuses used in various locations
in the equipment are listed in table 5-3, together with
their circuit locations, their voltage and current ratings
and the manufacturer’s catalog numbers. Further data
is given in the table of replaceable parts. The circuit
symbol of each fuse is stamped on or near the fuse clip
in which it belongs.

d. R-F CONNECTIONS.

(1) R-F FEED LINES. — R-f output energy from
the power amplifier\stage of RF Unit T-225A/FRT-5

R401-R406
(INSIDE)

K401

NAVSHIPS 91457(A)
AN/FRT-5A

Scin3
Paragraph 3 ¢ (7)

is fed to the antenna meters (M502 and M504) on top
of the unit by means of two preformed copper tubing
conductors installed between the bowl insulators (see
figures 3-1 and 3-2), also on top, and the meters. In-

Figure 3—4. Power Transformer TF-122/U,
Front View, Cover Removed and
Hinged Panel Lowered

K401B

XF401/XF402

F40l Fa02

S40I1

K402

E 40!

F403 F404 F405 XF403/XF405

Figur 3—5. Power C ntrol C-587A/FRT-5, Fr nt Vi w, Door Open
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v3io V301 v302 v303

V309

V306 V307
V308

V304 V305

Figure 3—6. Power Supply PP-490A/FRT-5, Rectifier Tube Component

side the unit the lower ends of the bowl insulator cen-
ter studs are connected to the rear ends of the coupling
network rails by short lengths of #6 AWG or larger
copper wire.

(2) TRANSMISSION LINE TO ANTENNA.

(a) Connect the :-f transmission line to the
terminals of meters M503 and M504 located on the
top of RF Unit T-225A/FRT-5.

(b) Use #6 hard drawn wire for the trans-
mission lines, and space the two wires on 12-inch cen-
ters to obtain the required 600-ohm transmission line
impedance.

(¢) Maintain a clearance of at least three feet
between the transmission lines and the top of the trans-
mitter cabinets.

(d) Use feed-thru bowl-type insulators when
transporting the line through building walls.

(e) If more than one antenna is to be used,
arrange a system of switches or other means of transfer
at some convenient point in the transmission line.

3-10

Maximum values of line currents and voltages should
be kept in mind if this is done.

e. INTERCONNECTIONS BETWEEN UNITS
IN RF UNIT T-225A/FRT-5.

(1) PATCH PANEL. — The interconnection
or patch panel illustrated in figure 3-9 is used to in-
ter-connect the various exciters, and/or to connect
them to the transmitter input, as required. It is mount-
ed in the upper left corner of the equipment rack as
shown in figure 3~11. Connectors J1201 and J1206 on
the patch panel should be connected to J504 and J507,
respectively, on the r-f unit.

(2) RF OSCILLATOR O-92A/FRT-5. — (Re-
fer to figure 1-4.) — Mount this crystal-controlled os-
cillator unit in the upper right-hand corner of the
mounting rack in RF Unit T-225A/FRT-5, as shown
in figure 3-11. Use the cables that are mounted behind
the rack to connect the output connector (J1103) on
the oscillator to J1202 on the patch panel, and to con-
nect the high voltage connector (J509), located be-
hind the rack, to J1102 on the oscillator. Connect J513

ORIGINAL
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to J1101 on the oscillator to supply 115-volt a-c power
for the crystal heater and for the primary of the oscil-
lator and buffer filament transformer.

This oscillator is supplied less crystals. It is equipped
with an oven which will mount as many as 10 type
CR-27/U crystals. These crystals must be within the
range of 2000 kc to 4000 kc, and must be ground for
an exact sub-multiple (1/2, 1/3, 1/4, 1/6 or 1/8) of
the desired output frequency.

To place crystals in the crystal oven, open the front
panel of the oscillator and remove the crystal oven by
pulling it directly forward. Before doing so, however,
it is wise to set the crystal selector knob to position #1.
This must not be changed until the oven has been
replaced. One will note, after the crystal oven has been
withdrawn, that a flatted shaft extends into the crystal
oven. This shaft operates the crystal selector switch
deck which is inside the oven proper. The shaft and the
selector switch deck must be carefully fitted together
when this oven is replaced or the selector switch is
likely to be damaged.

Remove the four corner screws from the oven and

P502 E566 P50
c571 J501

J502 cs541

NAVSHIPS 91457(A)
AN/FRT-5A

Sectin3
Paragraph 3 (2)

gently lift off the oven cover. This will expose a small-
er inner box with the oven heater wrapped around it.
Gently lift this box and let it hinge on the heater and
thermostat wires at one end. The crystal sockets will
be visible when this inside cover is hinged open. After
placing the crystals in their appropriate places, make
certain that the identifying chart on the front of the
oven is marked with the frequency of the crystal in
each position. Use care in reassembling and replacing
the oven.

(3) SERVO POWER SUPPLY (Z901). — Mount
the servo power supply (figures 7—18 thru 7-21) in
the lower left-hand corner of the mounting rack in RF
Unit T-225A/FRT-5, as shown in figure 3-11. There
are no connections to be made to this unit until the
servo amplifier unit is installed.

(4) SERVO AMPLIFIER MOUNTING CAB-
INET (Z807).— This unit (figures 3—12 and 7-14) is
installed just above the servo power supply in the rack,
as shown in figure 3-11. The six servo amplifier units
(Z801 thru Z806) are slid into this cabinet as shown

ES67 ANTENNA
L508 €542 RACK & RAIL

0509 way

(c568 BEHIND]
E706 ~—t=
1301 —4-
21303
1305 —d_
21301 .

V504

€539

€523
ES24

MULTI-
PLIER
DRIVER
UNIT

oo

b 2705

| vsos
[~ (C570 BEHIND)

_| FARADAY
SHIELD

+ G130!

L 21304

+G1305

ot 21302

L5514

+ 0540

P.A.GRID
COMPART-
MENT

Figur 3—7. RF Unit T-225A/FRT-5, P w r Amplifi r Plat Circuit C mp nents

ORIGINAL
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0504 (]

E641

0505 0506
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03503¢€ 05038

£640 070IF 0503A

Figure 3—8. RF Unit T-225A/FRT-5, Antenna Coupling Network Assembly, Top View

in figure 3-12. Connectors P901 and P802 on the cables
from the servo cabinet connect to J901 on the servo
power supply and J517 on the r-f unit, respectively.

(5) POWER SUPPLY PP-454A/FRT-5. — (Re-
fer to figures 1-6 and 3-11.) — Mount this power
supply in the lower right-hand side of the rack. It
supplies filament and plate voltages for both RF
Oscillator O-91A/FRT-5 and Frequency Shift Keyer
KY-45A/FRT-5. Using the power cable supplied, con-
nect P1001 on this power supply to ]J516 on the r-f

unit.

(6) RF OSCILLATOR O-91A/FRT-5. — (Re-
fer to figures 1-3 and 3-11.) — Mount this r-f oscil-
lator in the space just above Power Supply PP-454A/
FRT-5. Connect J101 on the oscillator to J1001 on the
power supply using the cable supplied. The r-f output
of the oscillator is connected to the patch panel through
J108 on the oscillator and J1203 on the patch panel.
J106 on the oscillator is available for connecting an ex-
ternal 100-kc crystal if one is used. J105 is for 100-kc
output. J104 is available for 450-kc output. A cable is
supplied to connect the 115-volt a-c supply from con-
nector J512 on the r-f unit to connector J502 on the
oscillator.

(7) FREQUENCY SHIFT KEYER KY-45A/
FRT-5. — (Refer to figures 1~5 and 3-11.) — Mount
the frequency-shift keyer on the left-hand side just
above the servo amplifier unit. A power cable is sup-

3-12

plied to connect J1404 on the keyer to J1002 on Power
Supply PP-454A/FRT-5. Connect J1401 on the keyer
to J1205 on the patch panel. With this method of con-
nection, either RF Oscillator O-92A/FRT-5 or RF
Oscillator O-91A/FRT-5 may be patched into the
frequency-shift keyer. The r-f output of the keyer is
connected from J1402 on the keyer to J1204 on the
patch panel. An a-c cord is provided to connect the
115-volt a-c supply for the crystal oven, from J511
on the r-f unit to J1406 on the keyer. An external
keying line connects between J1407 and J510.

4. INITIAL ADJUSTMENTS.

a. GENERAL. — The following adjustments are to
be made after the equipment is completely installed. It
is assumed that the equipment has been properly con-
nected with other units of the system. If difficulty
is experienced in obtaining the results specified in
these procedures, refer to the adjustments and correc-
tive procedures included in Section 7.

b. MECHANICAL INSPECTION. — After com-
pleting the setting up of the transmitter and the mak-
ing of external connections, make a thorough inspec-
tion of the equipment and its associated wiring.

WARNING
TURN OFF ALL POWER BEFORE AT-
TEMPTING THE PROCEDURES LISTED
IN PARAGRAPHS 4¢(1) and 4¢(2).
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INITIAL ADJUSTMENTS AN/FRT-5A Paragraph 4¢
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Figure 3-9. Outline Drawing — RF Unit T-225A/FRT-5, Patch Panel Showing Interconnecting
Cables and Patch Cords

¢. TEST AND SET-UP PROCEDURE. — Carefully
check the primary line and the plate transformer con-
nections to make certain that the phasing is exactly as
shown in the wiring and schematic diagrams. This is
very important as life of the rectifier tubes can be
materially shortened by improper phase relationship
between plate and filament voltages. Test and set-up
procedure should be as follows:

(1) TIME DELAY AND OVERLOAD
SETTINGS.

(a2) Set the FILAMENT TIME DELAY timer,
K304, at 30 seconds.

ORIGINAL

(5) Set the BLOWER HOLD ON timer, K305,
for 5 minutes.

(¢) Set the NON-AUTOmatic RESTART IN-
TERVAL timer, K312, for 30 seconds.

(d) Set the AUTOmatic RESTART INTER-
VAL timer, K316, for 10 minutes.

(e) Set the AUTOmatic SHUT-DOWN TIME
DELAY timer, K323, for 15 minutes.

(f) Set selector switch S317 on RESTART
CYCLE COUNTER K315 at position #3. This is lo-

cated under the snap-on relay cover on the front panel,
below the time delay relays.
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Figure 3—10. RF Unit T-225A/FRT-5, Front View of
L wer Portion, Door Open, Multiplier-Driver and
El ctr nic K yer Assemblies Lowered Forward on
Hinges and Rack Assembly Partially Rotated

(g) Check the adjustment of the PA d-c over-
load relays (K324 and K325) to make certain that they
are set for 2.5 amperes.

. (h) Check the high voltage d-c overload relay
(K319) to make certain that it is set for five amperes.

(Z) Check the driver d-c overload relay (K326)
to make certain that it is set for 0.4 ampere.

(j) Check the BIAS INTERLOCK relay K307
to make sure that it is adjusted for 0.25 ampere.

Note

The trip setting of these relays is determined
by the distance the iron plunger projects be-
low the bottom surface of the coil — the
greater the projection the higher the current
rating of the trip setting. To adjust the
setting, the plunger is rotated about its axis
until the index mark on its surface is aligned
with the desired calibration mark on the
plunger guide tube.
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(2) FILAMENT AND BLOWER
CHECK-OUT.

(@) Start with all circuit breakers on the con-
trol panel of Power Supply PP-490A/FRT-5 in their
down or open position and the red FILAMENT —
EMERGENCY OFF toggle switches on the lower edge
of the upper front doors in their OFF positions and
then proceed to check as follows:

(6) Turn on the 230-volt a-c power to the
transmitter.

(¢) Close the LOW LEVEL FILAMENT break-
er, S304, and operate both the red FILAMENT —
EMERGENCY OFF control toggle switches to their
ON position. This will turn on all rectifier filaments
and all other filaments except the power amplifier.
Line or regulated bus voltages may now be checked
on the 300-volt a-c voltmeter by operating S314 to
pick out the circuit to be measured.

(d) Close BLOWER CONTROL breaker $301
and make sure that the blowers in both the power
supply and the r-f unit operate, and that they rotate in
the proper direction. Note also whether the BLOWER
HOLD-ON timer, K305, is operating. At the end of the
time setting (5 minutes if the preceding procedure was
followed) the blowers should shut off automatically.
To restart the blowers switch the red FILAMENT —
EMERGENCY OFF toggle switches off momentarily,
then back on again,

(e) Close the POWER AMPLIFIER FILA-
MENT breaker, S305, and note that the power ampli-
fier tubes light up. Check the filament voltages of
these tubes by means of the 10-volt a-c meter on the
upper front panel of the power unit and the METER
SELECTOR switch, S314, on the control panel of Pow-
er Supply PP-490A/FRT-5. Adjust these filaments to
7.5 volts by means of the left and right FILAMENT
controls on the power unit control paael, and by means
of the FILAMENT controls to the right of the control
panel on the r-f unit. Adjust the voltage first above
and then below the required setting as a check to make
certain that the controls are functioning properly.
Make sure that the controls are finally returned to 7.5
volt setting.

(f) Open the BLOWER CONTROL breaker,
S301, and observe the power amplifier filaments. They
should go off before blower B501 in the r-f unit and
blower B301 in the power supply cease turning. This
procedure checks the operation of the air interlock,
S511. Throw BLOWER CONTROL $301 on again.

(3) CONTROL CIRCUIT CHECK-OUT.

(a) Set the DELTA-WYE-OFF switch, S401,
located inside of Control Unit C-587A/FRT-5, to the
OFF position. Nothing will happen. Make certain that
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Figure 3—11.

BIAS & LV breaker S302 is open. Then, using a piece
of paper, cardboard, or other convenient material,
block BIAS INTERLOCK relay K307 with its plunger
in the raised position.

(b) Close the CONTROL CIRCUIT breaker,
$303. Note that all meter lights become illuminated.
Check both upper front doors and all four rear doors,
making certain that they are tightly closed. Locate
relay K306 on the power unit control panel and see

2801 2802 2803 2804 280%

2806

Figur 3—12. RF Unit T-225A/FRT-5, S rvo Amplifi r
Mounting Cabinet, Fr nt View, Hing d Pan |
L wrdt Sh wSix Plug-in Units
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POWER
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RF Unit T-225A/FRT-5, Front View of Lower Portion, Door Open,
Showing Rack-Mounted Equipment

that it is closed. Open an upper front door and note
whether this relay opens immediately. Reclose this
door and proceed to check the operation of the plate
control circuit as follows:

Set TUNE-OPERATE switch S310 in the LV TUNE
position and depress the PLATE ON button, S309 or 8519,
on either of the front doors. Locate relay K308 and note
that it closes when this button is depressed. Move the
TUNE-OPERATE control to the HV TUNE position
and again depress the PLATE ON button in case plate
power is not already on. This time listen for the audi-
ble sound of the main circuit breaker closing. This is
a motor operated breaker which makes a rather pe-
culiar and easily recognized sound as it operates. Im-
mediately following the depression of the PLATE ON
button, a whirring and clicking noise will be heard
for a brief interval, followed by a pronounced thud,
and then silence. If the whirring noise continues or if
there is no silence following the thud when one holds
the plate button depressed, it is an indication that the
breaker is not properly adjusted and should be checked
according to the procedure outlined in Section 7. As-
suming that the breaker operated properly, rotate the
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TUNE-OPERATE switch to the OPERATE position
and listen for the closing of a rather large contactor
after a brief interval. This is the contactor which shorts
the tune resistors in Power Control C-587A/FRT-5,
and sets up the equipment for regular operation. Oper-
ate this switch several times between the HV TUNE
and the OPERATE positions, noting whether or not
the contactor responds. Two or three other checks
should be made before it is assumed that this circuit is
properly adjusted. Remove the cover from one of the
overload relays (K319, K324, K325, or K326) and
using a pencil or other insulated object, lift the arma-
ture until the contacts part to simulate an overload.
The main breaker should release and the overload pilot
lights on the transmitter panels should come on. Then
one of two things may happen. If the plate power con-
trol has been in operation for less than 30 seconds,
this mock overload will cause a complete lock-out, and
the transmitter will have to be restarted by manually
depressing the PLATE ON button. On the other hand
if the control circuit has been in operation for more
than 30 seconds, the automatic restart feature will be-
come effective. In this event, Power Control C-587A/-
FRT-5 will drop out momentarily following this simu-
lated overload, but will immediately return to the ON
condition.

Now operate the overload relay as before, two more
times, and note that on the fourth attempt the equip-
ment, instead of turning back on, will stay off and a
warning alarm will be sounded. To silence the alarm,
depress either one of the two PLATE OFF buttons.
These checks should be sufficient to indicate that the
control circuit is functioning normally.

(4) TUNING SYSTEM CHECK-OUT.

(a) SET UP. — Close the SERVO CONTROL
breaker, $306. This applies power to the servo tuning
system. The pilot light on the front panel of the servo
power supply mounted on the equipment rack in the
r-f unit should be illuminated to indicate that power
is present. Within a few seconds after closing this
breaker, several control motors may be heard to start
operation simultaneously. These should stop, however,
within a maximum of about 60 seconds.

(b) FIRST MULTIPLIER PLATE TUNING.
— The operation of the 1ST MULTIPLIER PLATE
TUNING control [A] should be checked by rotating
the control and noting whether the motor-driven cir-
cuit follows properly. This circuit is located inside of
the frequency multiplier chassis and is accessible after
tilting this chassis forward as illustrated in figure 3—10.
If this unit is operating properly, variable capacitor
C511 will be completely meshed when the control dial
is reading zero and there will be a smooth change as
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the dial is rotated. Any “hunting” by the motor or
severe relay chattering can be eliminated by adjusting
the “anti-hunting” control (R804) on the servo am-
plifier. This control is a slotted shaft potentiometer
located directly behind a small hole in the front panel,
just above the withdrawing handle. The servo ampli-
fiers are aligned in their rack in the same way that the
controls are aligned across the front panel, that is, the
first frequency multiplier plate tuning is the left-hand
unit in each case, and so on. Adjust this “anti-hunting”
control to produce smooth operation of the motor-
driven positioning mechanism.

(¢) SECOND MULTIPLIER PLATE TUN-
ING. — The 2ND MULTIPLIER PLATE TUNING
control is adjusted in exactly the same manner as
described in paragraph 2 above.

(d) DRIVER PLATE TUNING. — The
DRIVER PLATE TUNING control @ should operate
smoothly and freely in the same manner previously
described. In order to observe the driver circuit, how-
ever, the cover panel must be removed from the
power amplifier grid enclosure. To remove this, tip
the control panel of RF Unit T-225A/FRT-5 forward,
turn all of the thumbscrews one quarter turn counter-
clockwise, then lift the cover completely out of the
transmitter. This is illustrated in figure 7-30, which
shows the transmitter with the cover removed. Operate
the driver plate tuning control to the “1000” position.
Proper adjustment of the variable components inside of
this grid housing is indicated when the slider on induc-
tor L509 is on the second turn from the left end, when
the two variable air capacitors in the top, C533 and
C534, are adjusted for almost minimum capacity (in
position shown in figure 7-30) and when the vacuum
variable capacitor, C526, is at its minimum capacity.
Operate the driver control over its full range once
or twice and make sure that the mechanical operation
within the enclosure is free of sticking and chattering.

(e) POWER AMPLIFIER TUNING. — The
control marked POWER AMPLIFIER PLATE TUN-
ING (control [D] on RF Unit T-225A/FRT-5) should
be checked for proper operation of the PA plate tank
circuit. If the adjustments are correct, when this con-
trol is set at “1000”, the copper cylinders and the
contact crossbar inside of the plate tank coils, L516
and L517, will be near the top of the two coils with
the top contact on the last turn at the rear side.
Both cylinders will be at the same level, and they will
be symmetrically positioned. If the variable vacuum
capacitors, C569 and C570, were removed for ship-
ment and have been replaced, it will be necessary to
check their setting in accordance with the procedure
outlined in paragraph 3 ¢ (6) of Section 7. Check the
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Figure 3—14. RF Unit T-225A/FRT-5, Servo Motor, Drive Sprockets and Chain
for Positioning Antenna Coupling Network Assembly

operation of the servo amplifier (PA PLATE tuning
control) and adjust its “anti-hunting” control (R804)
for smoothness of operation, in a manner similar to
that outlined under paragraph 2 above.

Note

The left and right power amplifier grid and
cathode currents should be balanced at 20.8
mc during installation of the equipment. The
PA cathode currents should remain reason-
ably well balanced throughout the frequency
range of the transmitter. If not, they should
be rechecked in accordance with the pro-
cedure outlined in Section 7, paragraph 3 ¢
(14) (k). The grid currents, however, will
probably not remain balanced over the entire
frequency range. A difference of up to 110
ma between the left and the right PA grid
currents is not abnormal at the lower frequen-
cies provided that the currents are balanced at
20.8 mc. If such is not the case, refer to Sec-
tion 7, paragraph 3 ¢ (13) (h), for the
balancing procedure.

(f) LOADING. — The POWER AMPLIFIER
LOADING adjustment [E] controls the position of
the output coupling network (L518/L519) relative to
the PA plate tank circuit (L516/L517) through a
servo positioning system. The procedure for align-

3-18

ment of this adjustment is as follows: With the
coupling platform in its maximum coupling position,
which is with the lead screw turned clockwise to the
end of its run, turn the control dial to the “1000” posi-
tion and note that the motor operates. After the motor
drive has stopped of its own accord, replace the chain,
which was previously removed, in the position shown
in figure 3—14. Slack in the chain may be taken up by
shifting the position of the idler pulley (O513). The
chain should not be tight but snug enough so that the
upper part does not touch the idler sprocket or idler
gear or the lower part of the chain. Check the opera-
tion of this circuit by rotating the LOADING control
between its limits and noting whether the coupling
platform operates smoothly over its range.

(g) OUTPUT TUNING. — The output tun-
ing control [F] of RF Unit T-225A/FRT-5 is marked
ANTENNA TUNING. It operates the driving motor
which varies the resonant frequency of the output
coupling network (L518, L519, C571 and C572)
through a servo positioning system. If it is operating
properly, the sliding contacts on coils L518 and L1519
will be in the positions representing maximum in-
ductance, and the two variable vacuum capacitors, C571
and C572, will be adjusted for maximum capacity,
when the tuning dial is set at zero. This control should
be operated several times to be sure that the circuit is
operating smoothly without sticking or binding.

The sliding contacts used in the plate and out-
put network inductors consist of several chromium
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plated beryllium copper springs. Chrome plating is
used to provide a hard surface, which, wearing against
the copper, produces a highly polished track on the
copper coil. If for some reason the chromium plating
is damaged or broken, this contact may roughen the
copper coil surface instead of producing a highly
polished contact line, and thus aggravate sticking.
Therefore, the condition of the coil contact surface and
the chromium contact spring should be checked often.
Any roughening or burring of the copper should im-
mediately be sanded and polished to a smooth surface.
Occasionally some of the contact springs will have
been made up with too much arch. This produces too
great a clamping action between the top and bottom
contacts and makes it nearly impossible for the driv-
ing motor to operate against the load. If this is the
case, remove the contact springs and, using a pair of
flat-jawed pliers, remove some of the arch from the
spring. There should be just enough arch so that the
springs fit snugly, but not tightly, when the cross-bar
is in place inside of the coil.

(5) RF OSCILLATOR O-92A/FRT-5.

(@) Close circuit breaker S302 and rotate the
DELTA-WYE-OFF switch, S401, to the WYE position.
Remove the blocking cardboard from K307. Set the
keying selector switch, S501, to the LOCAL position
and open both test keys by operating them to their
center position.

(b) With the 115-volt a-c power connected to
the oscillator, the CRYSTAL HEATER light 11103
should come on, indicating that the oven heater is
working.

(¢) Filament voltage for the oscillator and
buffer tubes in RF Oscillator O-92A/FRT-5 is supplied
from the same transformer, T1101, that supplies the
crystal heater voltage. The FILAMENT pilot, 11102,
should come on as soon as the 115-volt a-c line is
connected.

(d) Set the TUNE-OPERATE switch, §310, to
the LV TUNE position and depress the PLATE ON
button. This turns on the low voltage d-c power which
should start the crystal oscillator functioning. Bias
voltage should already be present provided all of the
doors were closed.

(e) If this oscillator is connected to the trans-
mitter input through the patch panel, there will be a
buffer and 1st multiplier grid current indication of
between 1 and 2 milliamps.

(f) The frequency of the crystals may now be
checked by means of an external frequency monitor
connected to the monitoring output jack, J506. If it
is desired, the crystals can now be set to the exact fre-
quency specified, by means of trimmer capacitors
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C1101 through C1110 which are located in the oscilla-
tor unit. They are located behind switch S1102B and
are readily accessible when the front panel on this
oscillator is swung downward as shown in figure 7-10.
An insulated screw driver should be used to adjust
these trimmers.

(6) POWER SUPPLY PP-454A/FRT-5.

(@) Turn ON-OFF switch to the ON position.
The POWER lamp (11001) should light. This unit is
shown in figure 1-6.

(b) Rotate the voltage switch (S1003A) to
each position and check the readings on meter M1001
against the figures indicated opposite the pointer on
the switch. The actual readings should be a little high
if the supply is not loaded.

(7) RF OSCILLATOR O-91A/FRT-5. — Per-
form the following checks carefully, keeping alert to
any evidence of an irregularity which might provide an
indication of possible trouble.

(a) Connect 115-volt a-c power (P1101/J1101)
to the oscillator. The CRYSTAL HEAT ON light
should come on indicating that the oven heater is
working.

(b) Operate the plate ON-OFF switch to the
ON position. This should turn on the PLATE pilot
light.

(¢) Operate S105, 100-kc standard switch, lo-
cated on the rear of the unit, to the INT position.

(d) Determine the frequency which is to be
set up for the check, for example, 2,439,224 cps. Throw
the SET UP-OPERATE switch to the SET UP position
and insert the headphone connector into the JACK
on the front panel. Set the MASTER OSCILLATOR
dial to the approximate frequency, in this case, “24”
on the outer dial and “39” on the inner dial.

(e) Set the INTERPOLATION OSCILLATOR
to the difference between the MASTER OSCILLATOR
dial reading and the 5-kc check point immediately be-
low it. In the above case, this would be “42” on the
outer dial and “24” on the inner dial.

Note

A frequency check point is provided at each
5000-cps interval. The reading on the IN-
TERPOLATION OSCILLATOR control dial
is added to the value of the check-
point immediately below the reading on the
MASTER OSCILLATOR control dial [A-1].
In the above case, the check point immediately
below the master oscillator dial setting would
be 2,435,000 cps; thus the interpolation oscil-
lator dial would be set for the difference be-
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tween 2,435,000 cps and 2,439,224 cps, or
4224 cps.

The desired oscillator output frequency will
be most accurately obtained if the required
settings of the interpolation oscillator control
dial and the master oscillator control dial are
approached while rotating these dials in their
clockwise direction.

(f) Set the OUTPUT TUNING control as
close as possible to the desired frequency. A steady
tone should be heard in the headphones.

(g) Readjust the MASTER OSCILLATOR dial
for a low pitched tone (50-100 cps), then readjust the
OUTPUT TUNING control for loudness and clarity of
tone.

(b) Now, to determine if the AFC motor and
associated circuits are working properly, remove the
headphone connector plug and place the SET UP-
OPERATE switch in its OPERATE position. The AFC
motor should be heard going into operation.

(8) FREQUENCY SHIFT KEYER KY-45A/-
FRT-5. — It is assumed that the total frequency shift
is 850 cps (frequency raised by 425 cps for a mark sig-
nal and Jowered 425 cps for a space signal). The pro-
cedures are, of course, identical for a different over-all
shift of frequency (for example 800 cps) except for
the slightly different numerical values which apply.
With the 115-volt supply connected to the keyer, the
OVEN HEAT pilot light should come on, indicating
that the oven heater is working.

(2) R-F TUNING.

1, Set the EXT. OSC. ATTENUATOR
(S1401) on the rear of the unit to 0 db. The setting
of this control is tentative and will be selected more
accurately during the following procedure.

2. Rotate the METER switch (S1402) to
the GRID position, and provide a suitable carrier from
one of the two r-f oscillators.

3. Starting at position 07, rotate the
MAIN TUNING dial (C1405) slowly and note that
two successive peak values of current are indicated on
the meter (M1401). These two current peaks cor-
respond to the two resonant peaks for the lower and
upper side bands respectively. The current peak at the
lower frequency indicated on the main tuning dial
corresponds to the lower side band and is the one to
be used.

4. Rotate the MAIN TUNING dial
(C1405) to a position which corresponds to the lower
side-band resonant peak.
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5. Set the OUTPUT LEVEL control (R-
1430) in a position which provides the most favorable
driving power to the first amplifying stage of the trans-
mitter proper (1 to 2 milliamps buffer and 1st multi-
plier grid current).

6. Rotate the meter switch to the PLATE
position.

(b) CHECK OF FREQUENCY. — The r-f out-
put of the keyer must be checked to be sure that its
frequency is accurate and stable. This output stability
is derived from both the 200-kc oscillator and the
external r-f injection stability.

1. Rotate the BASIC SHIFT control (R-
1458) to position zero.

2. Make certain that the external oscillator
is adjusted for a frequency exactly 200 kc above the
desired keyer output frequency.

3. Adjust the station frequency-measuring
equipment to the desired keyer output frequency.

4. Trim the 200-k¢ OSC. ADJUST con-
trol (C1442 — in front of oven) on the keyer for zero
beat with the monitor.

(¢) FREQUENCY SHIFT.

1. Determine the multiplication factor which
is to be used. It must be either 2, 4, or 8 as required
to multiply the 2-mc to 3-mc keyer output to the de-
sired transmitter operating frequency.

2. Set the TRANSMITTER MULTIPLICA-
TION switch (S1405) at the position corres-
ponding to the chosen multiplication factor.

3. Set the BASIC SHIFT dial for the de-
sired basic frequency shift as indicated on the calibra-
tion chart, figure 4—13.

4. Set the TEST-OPERATE (S1403) switch
to the SPACE position. The output frequency will be
slightly lowered for this, the space frequency.

5. With the frequency monitor still con-
nected and adjusted as it was for step 2 d above, com-
pare the audio beat signal that is now obtained with an
adjustable audio oscillator to determine its frequency.
This beat should have a frequency equal to one-half
the total required shift divided by the multiplication
factor. For example, if the basic shift were to be a total
of 850 cps, and the multiplication factor were four, the
audio beat signal should have a frequency equal to
(850/2) times (1/4), or 106.25 cps. A slight adjust-
ment of the BASIC SHIFT control may be necessary
to obtain the exact degree of shift required.

6. Operate the TEST-OPERATE switch to
the MARK position. In this position the frequency
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should be approximately as much higher than the zero
shift frequency as it was lower in the SPACE position.
The monitor beat note should be nearly the same as it
was for space. In any event the frequency-shift calibra-
tion control should be adjusted until the desired total
shift, e.g., 850 cps, is obtained. This may mean a shift
of minus 400 cps for space and plus 450 cps for mark,
etc.

(d) KEYING SIGNAL INPUT.

1. Operate the TEST-OPERATE switch to
the FSK position.

2. With a mark keying signal applied, ad-
just the LIMITER ADJUST control, located on the
rear of the unit, until the same beat frequency is
obtained as was obtained in steps 3 e and 3 f above.

This insures that the FSK mark and space correspond to

those obtained from the TEST-OPERATE mark and
space.

(e) WAVE SHAPING. — The setting of the
WAVE SHAPING switch depends on the keying
speed. The relation between the switch positions and
the keying speed is as follows:

SWITCH KEYING SPEED
POSITIONS | (DOT-CYCLES PER SECOND)
1 0to23
2 23 to 60
3 60 to 120
4 120 to 240
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is supplied with each AN/FRT-5A equipment.

The circuit that is normally employed at the grids of
this PA stage is designed to present a high impedance
load to the type 4-400A driver tube (V504) and to
deliver balanced push-pull voltage to the relatively
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Position #4 provides minimum wave shaping.

5. NEUTRALIZATION AND PA GRID AND
CATHODE CURRENT BALANCE PROCEDURE.

Refer to paragraphs 3¢(12) through 3¢(16) of Sec-
tion 7 for the neutralization procedure, the PA -grid
current balance procedure and the PA cathode current
balance procedure.

6. TUNING FOR INITIAL OPERATION.

The equipment is now ready for operation. Installa-
tion personnel should place the set into operation as
a final check. Refer to Section 4 for tuning procedures
applicable to the final check.

7. MODIFICATION OF PA INPUT TO EFFECT
LINEAR AMPLIFICATION FOR SINGLE SIDE-
BAND SUPPRESSED-CARRIER OPERATION.

a. GENERAL. — A kit of parts for converting the
input circuit of the power amplifier stage to accept
balanced drive voltage from an external driving source

ORIGINAL

Figure 3—15. Wiring Diagram — RF Unit T-225A/-
FRT-5, Conversion of PA Input Circuit for Single
Side-band Excitation

low impedance grid circuits of the PA tubes (V505
and V506). However, such a circuit is not suitable for
accepting drive from an external exciter such as the
Western Electric type D156000 single side-band sup-
pressed-carrier transmitter and therefore it must be
modified slightly for such operation.

After modification, the transmitter input is approxi-
mately 200 ohms balanced to ground, and requires be-
tween 400 and 500 watts peak drive power. The two
input terminals are coaxial connectors designed to be
used with JAN type RG-8/U coaxial cables fitted with
JAN type UG-59A/U male connectors. The connec-
tors, but no cable, are supplied with the conversion
kit. These input terminals are located on the rear side
of the power amplifier grid circuit enclosure in RF
Unit T-225A/FRT-5 and are accessible through the
rear doors. The coaxial cables are to be inserted
through the cable openings in the bottom of the cab-
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inet and connected directly to these jacks. The cable
may be tied to existing transmitter wiring at con-
venient places for support.

b. POWER AMPLIFIER GRID CIRCUIT CON-
VERSION. — A wiring diagram for the single side-
band conversion is shown in figure 3-15.

(1) Remove the variable vacuum capacitor C526
and lay it aside.

(2) Remove the 25-347 mmf variable air capaci-
tors C533 and C534 and replace them with 9-52 mmf
variable air capacitors C573 and C574 from the modifi-
cation kit. Note that mounting holes are provided for
these capacitors. Leave balancing capacitor C535 discon-
nected.

(3) Remove the three 140-mmf fixed vacuum
capacitors, C527, C528 and C529, but save them for
replacement.

(4) Reconnect the circuit consisting of C527,
(528, €529, C530, C531, C573, C574 and L509 as shown
in figure 2-26 using the copper connectors supplied
in the modification kit. These connectors are all sup-
plied as flat straps and must be bent as necessary in
installation. Be very careful to place these connectors
exactly as shown in the installation drawing supplied
with the modification kit.

(5) Connect load resistors R586, R587, R588 and
R589 in series between the input jacks as shown.

(6) Use short lengths of JAN type RG-8/U
coaxial cable to make the connections from the input
jacks to the terminals of C527. Ground the shields of
these coaxial cables to the cabinet wall by installing
a grounding lug under one of the input jack mounting
screws on each side and making connection thereto.
This coaxial cable is to be slipped down between the
back wall of the cabinet and the support rods of coil
L509. Make certain that the two lengths of cable are
cut the same length even though one must be coiled
up a bit in fastening it to the capacitor terminal.

(7) Reinsert the 140-mmf fixed vacuum capaci-
tors in the three center positions.

(8) Insert the 140-mmf fixed vacuum capacitors
into the outside clips. It may be necessary to loosen the
capacitor terminal bushings from their leads and slide
them outward a bit to make the units fit the mounting
clips. These terminal bushings are held in place by
small set screws.

(9) After the wiring is complete, adjust the vari-
able elements as follows:
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(2) Turn on the servo control system by the
procedure previously outlined under initial adjustment
and set the DRIVER PLATE TUNING control “C”
to “1000” on the scale.

(b) Loosen the set screws on the shaft of ca-
pacitor C573/C574 and rotate it to the point of mini-
mum capacity (with the plates just ready to mesh on
the front side). Tighten the set screws.

(¢) Slip the flexible coupler on the drive for
inductor L509 off of the splined inductor shaft by
pushing the splined collar to the right. Rotate the coil
until the slider is positioned at the extreme left end of
the coil at the end of the last turn. Slip the flexible
coupler splines back together.

(d) Check the operation throughout the dial
range to make certain that the variable circuits are
operating smoothly.

(10) Disable the frequency multipliers and driver
by removing the following links or connections:

(2) Remove the plate cap connector from the
type 4-400A tube and lay it aside.

(&) Disconnect the driver plate voltage by re-
moving the jumper wire connecting terminal #86 on
E314 with the junction of R317 and R318 in Power
Supply PP-490A/FRT-5.

(¢) Disable the low voltage supply by remov-
ing the jumper between terminals #59 and #60 on
E310 in Power Supply PP-490A/FRT-5.

(11) Add a 15-mf, 1000-volt capacitor (C309) to
the PA bias supply to improve the filtering. Connect
the capacitor from the arm of the bias adjustment
potentiometer R302 to ground, either by making a
direct connection to the potentiometer arm or by con-
necting to terminal #34 on E303. No special mounting
provisions have been made for this capacitor.

(12) Remove one resistor from the filter reactor
shunt resistor group (R305, R306, R323 and R333) in
Power Supply PP-490A/FRT-5.

¢. TUNING PROCEDURE. — With the modifica-
tion complete and the input coaxial cables connected
to the output of the Western Electric type D156000 or
other suitable transmitter, the tuning and set-up pro-
cedure given in Section 4, paragraph 3 e, should be
followed to put the set in operation.
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OPERATION

1. INTRODUCTION.

Radio Transmitting Set AN/FRT-5A is a 15-kilowatt
unit designed for off-on keying, frequency-shift key-
ing or teleprinter operation over the frequency range
of 4000 kc to 26,000 kc. The tuned circuits are motoz-
driven and servo-positioned by means of a simple servo-
positioning system. Each tuning control varies a single
tuned circuit continuously over the entire band. This
arrangement provides a simple method of rapidly and
accurately changing frequencies.

The transmitter proper contains a buffer amplifier,
frequency multipliers, a driver and a power amplifier,
and is designed to be preceded by any one of several
types of exciter. The required excitation from the
exciters is approximately 2 volts across a 50-ohm trans-
mission line in the frequency range of 2000 kc to
4000 kc.

Three alternate forms of excitation are provided.
They are a 10-channel crystal oscillator, a stabilized
master oscillator and a frequency-shift keyer. The unit
or units to be used at any given time will be deter-
mined from the transmitting schedule, and are to be
set up by means of the coaxial interconnecting patch
panel.

Protection against equipment damage caused by
overloads or other normal equipment faults is com-
pletely in accordance with modern practice. Caution
must be exercised, however, in the tuning and adjusting
of this equipment as damage may result from improper
operation. Before attempting to adjust this equipment,
each operator should familiarize himself with all of the
controls, their functions and their locations. He should
also have reasonable knowledge of the fundamental
circuit theory and details of the equipment.

2. OPERATIONAL PROCEDURES.

a. LOCATION OF CONTROLS. — In the follow-
ing discussion of the location of the controls, it is
assumed that the equipment has been in operation, in
which case all of the breakers on all of the control
panels will be in the ON position. This is the normal
operating condition, and therefore only one switch
need be thrown to energize all circuits except the
d-c plate supplies. It is with this fact in mind that the
operator should familiarize himself with the location
and function of controls. For a detailed explanation of
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the individual breakers, refer to paragraphs 25 through
2d below.

(1) GENERAL. — There are four principal
control locations on the two units designated as RF
Unit T-225A/FRT-5 and Power Supply PP-490A/-
FRT-5. In each unit these are located (a) on the upper
front doors, and (b) on the control panels.

(2) UPPER FRONT DOORS. — Each of the
upper front doors contains three controls which are
identical on each door. They are:

() FILAMENT — EMERGENCY OFF
SWITCHES. — These are red toggle switches (S510
and S307) labeled FILAMENT — EMERGENCY OFF.
They control filament power and all incidental equip-
ment in the two units, excluding the d-c supply, and
are wired in series so that both must be thrown to the
FILAMENT position before the equipment can be
operated. Conversely, the whole unit may be shut
down in an emergency by throwing either one of the
switches to its EMERGENCY OFF position.

() PLATE ON. — These are black push
buttons located one on each upper front door and
labeled PLATE ON. They control the application of
d-c voltage and are wired in parallel so that depressing
either button will turn the equipment on.

(¢) PLATE OFF. — These are red push
buttons located to the right of the black buttons and
labeled PLATE OFF. They remove the d-c voltage
from the equipment and are wired in series so that,
like the filament toggles, only one must be depressed
to turn the equipment off.

(3) CONTROL PANELS. — EFEach cabinet con-
tains a small control panel behind a horizontally
hinged door in the lower front door of the main cab-
inet. These panels contain controls as follows:

(a) RF UNIT T-225A/FRT-5. — All of the r-f
operating controls are located either on or adjacent
to the control panel of RF Unit T-225A/FRT-5. The
panel is shown in figure 4-1. It contains the six
variable controls required for tuning plus an excitation
control, a keying input level and a test key. Located
to the right of the panel are four more controls. They
are the left and right power amplifier filament voltage
coarse adjustment controls, the keyer output level con-
trol, and a keying input selector switch.
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(b) POWER SUPPLY PP-490A/FRT-5. —
A fourth control point is located on the control panel
of Power Supply PP-490A/FRT-5. This panel is
shown in figure 4-2. It contains all of the 230-volt
power distribution switches and breakers associated
with Power Supply PP-490A/FRT-5 and RF Unit
T-225A/FRT-5 except for the high voltage supply
main breaker (K401). It also contains the vernier
controls (R327 and R326) for the power amplifier
filaments, a meter selector switch (S314), a TUNE-
OPERATE switch (S310) and a hand-operated test
key (S316).

(4) RACK-MOUNTED EQUIPMENT. — An
equipment rack is provided behind the lower front
door of RF Unit T-225A/FRT-5. This rack contains the
two exciter units, RF Oscillator O-91A/FRT-5 and RF
Oscillator O-92A/FRT-5, Frequency Shift Keyer KY-
45A/FRT-5, Power Supply PP-454A/FRT-5 which is
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Figure 4—1A. RF Unit T-225A/FRT-5,
Upper Front Panel

RF
EXCITATION

TEST  INPUT KEYING MONITOR
KEY  LEVEL SELECTOR R519 PHONES
s$521 R548 s501 < J4505
EXCITER \ | / P A TEST
$508 - - e = /7 $504
s5l12  S513
5502 R560

F501 1502 I503 F502

T

LOGKING (al
LEVER 1ST. MULT.

PLATE PLATE
TUNING TUNING
RS9I R592 R593

Figur 4—1B.

[C]
2ND. MULT. DRIVER P.A.
PLATE PLATE LOADING TUNING
TUNING TUNING R595 R596

r;LJ T T T 1 1
A R568 R554 R570 R573

PA. ANTENNA

o)

R594

RF Unit T-225A/FRT-5, Control Pan | and Fr nt Pan Is f Multipli r-Driver and El ctr nic

K yer Ass mblies

4-2

ORIGINAL



OPERATION

P.A FILAMENT LINE PA PLATE
VOLTAGE VOLTAGE VOLTAGE
M303 M302 M30t

HV PLATE

LV PLATE
™ 1306

1305

FILAMENT
1304

PLATE OFF _j
s308

FILAMENT - EMERGENCY
SHUT DOWN
$307

Figure 4—-2A. Power Supply PP-490A/FRT-5,
Upper Front Panel
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Figure 4—2B. Power Supply PP-490A/FRT-5,
Control Panel

associated with RF Oscillator O-91A/FRT-5 and Keyer
KY-45A/FRT-5, and a set of servo amplifiers and their
associated power supply. A patch panel for conveni-
ence in interconnecting any of the exciting units is
also mounted on this rack. The rack is pivoted on one
end so that it may be swung outward to provide access
to the rear of the equipment mounted on it. All con-
nections from the rack-mounted equipment to the
transmitter are made through flexible cables which
terminate at a junction box or jack panel at the left
end of the wall behind the rack.

b. POWER CONTROLS. — Power for the basic
transmitter is controlled through two independent
although interconnected systems. One system controls
all of the filaments, blowers, and miscellaneous items
whereas the other system controls the primary power
to the d-c supplies.
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(1) FILAMENTS AND BLOWERS. — The
filament and blower control system in RF Unit T-
225A/FRT-5 and Power Supply PP-490A/FRT-5 is
the starting point of the controls. Three breakers,
designated as LOW LEVEL FILAMENT, PA FILA-
MENT and BLOWERS, distribute power to this por-
tion of the control system.

The term low level filaments includes all filaments
except the power amplifiers. The individual filament
transformers are supplied through voltage regulating
transformers (T311 and T312), and each is protected
by a separate fuse which is shunted by a neon lamp.
These lamps light up when the corresponding fuse is
blown or absent, and are readily visible on inspection
after opening the enclosure doors. The breaker labeled
PA FILAMENT (S8305) and located on the control
panel of Power Supply PP-490A/FRT-5 supplies 230-
volt power to the two PA filament transformers. There
is an air interlock (S511) in this circuit so that the
PA filaments cannot be energized unless the blowers
are delivering the required amount of cooling air.
Means for adjusting the voltage of these PA filaments
are provided in the primary of each transformer.
Each primary is equipped with four taps to provide
coarse voltage steps, while a series rheostat provides
for vernier adjustments. The primary taps are selected
by tap switches S512 and S513, located inside of the
lower front door and near the upper right-hand corner
of the r-f bay.

The blowers, controlled by blower circuit breaker
S$301 which is designated as BLOWER on the panel,
are provided with a delayed shut-down feature fol-
lowing the regular equipment shut-down. A BLOWER
HOLD ON timer (K305), which is adjustable for 0
to 5 minutes, causes the blowers to remain in operation
for a selected interval after the filament circuits have
been de-energized.

Pilot or status lamps are located on the upper front
doors immediately above the push buttons. The left-
hand or filament light on the power unit indicates
when the low level filaments are energized whereas
the filament pilot on the r-f unit indicates that the
PA filament transformer primaries are energized.
Operation of the latter light is proof that the blowers
are in operation and that the air interlock is closed.

(2) D-C SUPPLIES. — The d-c power control
portion of the primary control circuits affects the bias,
low voltage and high voltage power supplies. This
control circuit is interlocked with the PA filaments
supply so that plate power can never be applied to the
power amplifier in the absence of filament power. The
control circuit breaker, S303, on the power unit con-
trol panel distributes the 230-volt power for operation
of all the relays associated with the d-c control circuit.
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Since all of the meter lights are also fed through this
control circuit breaker, they serve to indicate whether
it is closed.

(a) BIAS SUPPLY. — The bias supply and
the d-c low voltage supply obtain their primary power
through breaker S302, designated as LV & BIAS
and located on the power unit control panel.

Between the breaker and the supply transformers
are two separate contactors, K306 and K308, which ob-
tain their operating power from the d-c control circuit.
The bias contactor is automatically closed at the end
of the filament time delay which follows initiation of
filament heating, provided all interlocked doors are
closed. These interlocked doors include both upper
front doors and all the rear doors. The presence of
primary voltage in the bias supply is indicated by the
green pilot lamp (I501) on the upper front door of
RF Unit T-225A/FRT-5. When d-c bias voltage is pres-
ent, an interlocking relay (K307) operates to permit
further operation of the d-c power control circuits.
This relay, K307, is located inside of the lower door of
the power unit at the right-hand end of a row of over-
load relays. An orange flag appearing behind the glass
window indicates that the relay is closed and that
bias voltage is present.

(b) LOW VOLTAGE SUPPLY. — The low
voltage d-c power supply is controlled either by itself
or simultaneously with the high voltage supply. In-
dependent control is accomplished by setting the
TUNE OPERATE switch to the LV TUNE position
and depressing the PLATE ON button. A green pilot
lamp (I305) on the power unit indicates presence of
primary power in this supply. Both the bias and the
low voltage supplies are protected against damage
from overload or short circuit by the control panel
breaker, $S302, which trips out when excessive current
is drawn by either supply.

(¢) HIGH VOLTAGE SUPPLY. — The high
voltage supply is controlled by a special motor-oper-
ated combination start-stop contactor and overload
breaker (K401). It is located in Power Control C-
587A/FRT-5 which is mounted outside of the main
transmitter housing. This breaker is controlled by the
PLATE ON push button (S519 or S309) on the upper
front door in the same manner as the low voltage
supply except that the TUNE OPERATE switch must
now be in the HV TUNE or OPERATE position. The
difference between these two positions is that in the
HYV TUNE position, series resistors are inserted in the
primary line to the high voltage plate supply trans-
former whereas in the OPERATE position these re-
sistors are short-circuited.

Indication that the high voltage d-c supply is ener-
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gized is given by red pilot lamps (1306 and 1506) on
the upper front doors of the individual cabinets and
by two 50-watt warning lamps in ruby globes mounted
outside of the cabinets. All light up when the control
circuit is set up for high d-c voltage. The warning
Jlamps are connected directly across the primary lines
to the plate transformer and are mounted, one (1402)
above the transmitter and the other (I401) near the
external plate transformer. Plate voltage is also indi-
cated on HV DC meter M301.

The high and low voltage d-c supplies are disabled
simultaneously by depressing either of the PLATE OFF
buttons (8520 and S308) on the two upper doors. A
manual switch is located in the external power control,
C-587A/FRT-5, to provide a means for connecting the
primary of the plate power transformer (T401) in
delta or wye arrangement, or disconnecting it from the
line entirely. Normally operation is with this switch
in the DELTA position. Reduced voltage (58 percent
of normal) is obtained in the WYE position. The high
voltage plate power control circuit may be checked
without fear of high voltage power being applied
accidentally by setting this switch to the OFF position
and proceeding to turn on the transmitter. In this case,
the red HV ON lamps (1306 and I506) on the trans-
mitter will be illuminated but the 50-watt red globes
(1401 and 1402) will remain unlighted.

Note

The plate supplies in the entire transmitter
may be disabled by depressing either of the
PLATE OFF buttons on the front of the units.

¢. TUNING SYSTEM. — The six resonant circuits
in this transmitter are remotely positioned through a
system of motor drives and servo positioners. Power
for these circuits is distributed through a breaker de-
signated SERVO CONTROL (S306) and located on
the control panel of Power Supply PP-490A/FRT-5.
All six of the circuits are similar. A typical system con-
sists of a 10-turn front panel control potentiometer, a
servo amplifier, a driving motor assembly and a second
10-turn potentiometer used for “‘follow-up” control.
The “follow-up” potentiometer is coupled to the driv-
ing motor and is automatically rotated to a position
corresponding to the manually set position of the front
panel control. A motor-driven tuning system of this
nature operates at fixed speed. It is therefore possible
to rotate the tuning dials faster than the tuning mo-
tors can operate the driven circuit. This results in a
slightly unusual feel to the tuning of the equipment
but an operator soon becomes accustomed to this. It
must be remembered that the motor-tuned circuit will
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position itself in accordance with the setting of the
front panel control, automatically, and at a fixed speed,
regardless of whether the panel control is moved a very
slight or a very large amount. These circuits require
from 30 to 60 seconds to travel over the entire range
from the position corresponding to 4000 kc to that
corresponding to 26,000 kc.

An alternate tuning procedure is to disable this
circuit by opening the SERVO CONTROL breaker
and preset all of the control knobs according to pre-
viously recorded set-up data, then to close the SERVO
CONTROL circuit breaker so that all of the servo-
operated systems will reset to their new positions
simultaneously. Plate power must be removed during
the travel time.

d. OVERLOADS.

(1) GENERAL. — A complete overload protect-
ing system is incorporated in this transmitter. Primary
overloads in the filament and blower circuits have
already been covered and some mention made of the
overload features.

The power amplifier tubes and the driver tube each
have a d-c overload relay associated with their cathode
circuits. These three relays trip the primary circuit
breakers of the high voltage supplies, and are normally
set to trip at approximately 125 percent of normal cur-
rent. In addition, a single d-c overload relay (K319) is
located in the ground return of the PA high voltage
supply to protect this supply against overloads other
than those caused by the three tubes previously listed.
These four relays are located behind the lower front
door of Power Supply PP-490A/FRT-5. All are housed
in black Bakelite cases with glass windows. An orange
flag becomes visible through the glass window when
a relay is tripped. These flags are provided to facilitate
location of the circuit in which an overload occurs
and can be reset (dropped out of sight) by lifting a
small plunger which protrudes from the bottom of
the case near the front edge. The operator should check
these relays following any overload and note on the
log book which ones were tripped.

The overload and trip-out sequence in this trans-
mitter is designed to keep the transmitter in operation,
if at all possible, provided it has been properly ad-
justed initially. There are two types of restart opera-
tions, the automatic restart and the non-automatic re-
start. They function as follows:

(2) NON-AUTOMATIC RESTART. — During
the first 30 seconds after manual start-up, any overload
will cause the transmitter to lock-out. In this case, it
will be necessary to manually start it up again. If it
should lock-out once again, it is wise to find the
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cause of the overloads before attempting to put the
transmitter on the air again. If there is no overload
within the 30-second period after manual start-up the
auto-start feature becomes operative.

(3) AUTOMATIC RESTART. — It is the func-
tion of the automatic restart circuits to close the pri-
mary circuit breakers immediately after they have
been tripped out by an overload. This means there will
be a momentary interruption of the transmitter car-
rier. If the overload was caused by a flashover, the
chances are that this same flash-over will not recur
immediately and therefore the equipment will con-
tinue to operate following such restarting. On the
other hand, it may be that an overload will occur
several times in succession before clearing. To provide
for such situations, the automatic circuit is designed to
produce a maximum of 8 successive reclosures before
final lock-out. This number of reclosures is adjustable
to any number from 0 to 8 by means of selector switch
$317. It is normally set for three successive reclosure
cycles.

A second feature of this overload circuit is that the
over-all time interval, during which the selected num-
ber (0 to 8) of overloads must occur to produce a
lock-out, is adjustable from 0to 15 minutes. This means
that if the selected number of overloads occurs within
the over-all time interval (0-15 minutes) following the
first overload, the transmitter will lock-out. If, on the
other hand, the selected number of overloads does not
occur within the over-all time interval, the circuits will
automatically clear themselves as if no overload had
occurred. A pilot lamp is located on the front panel
of each unit to indicate that an overload has occurred
and that the 0-15 minute time interval just described
is timed out.

An audible alarm is provided to give warning that
the transmitter is off the air and has locked out. This
warning is produced by a horn (I310) located in the
top of Power Supply PP-490A/FRT-5. It can be
quieted by depressing any of the PLATE OFF buttons.

Another form of overload which has not been men-
tioned, but which may occur, is a rectifier arc-back.
Such an arc-back will produce a short circuit on the
plate transformer secondary which will increase the
primary current enough to trip the a-c over-current
breakers. If none of the overload relays is showing its
flag when the power trips out, it is probable that an
a-c overload has occurred. This may or may not be due
to a faulty rectifier tube. However, it can be checked
very quickly by observing the rectifier tubes while the
transmitter is operating. The xenon-gas-filled tubes
normally show little if any internal glow, because of
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their shielding. Arc-backs, however, produce easily
visible light flashes within the glass envelope of the
tube.

e. AUTOMATIC SHUT-DOWN. — Provision has
been made to shut down the main d-c power supply
automatically in the event that no keying impulses are
applied to the input circuit for a period of 15 minutes.
This automatic shut-down feature can be disabled at
will by the operator by throwing the AUTO SHUT-
DOWN switch, S324, located on the control panel of
Power Supply PP-490A/FRT-5, to the OFF position.

f. METERS.

(1) RF UNIT T-225A/FRT-5. — This r-f unit has
five meters located above the window on the upper
door. Two of these meters, EXciter TEST #1 (M505)
and EXciter TEST #2 (M506), have arbitrary scales,
their full scale reading depending on the circuit being
metered. A common selector switch, $503, simultane-
ously switches both meters into the various circuits.
The circuit being monitored by each meter in each
position of the switch, together with the true values
of the corresponding full-scale meter readings for that
position, is indicated opposite the switch pointer on
the control panel. Each of these two meters checks
five circuits. EX. TEST #1 meters the buffer cathode
current, the 1st multiplier cathode current, the 2nd
multiplier cathode current, and the peak r-f voltages
on the grids of the left and the right PA tubes. EX.
TEST #2 meters the buffer and 1st multiplier grid
current, the 2nd multiplier grid current, the driver
grid current, and the peak r-f voltage on the plates of
the left and right PA tubes.

The third meter, designated DRIVER CATHODE
(M501), is located in the center of the r-f unit and is
permanently connected into the driver cathode (V504)
circuit. The meter immediately to the right of this
center meter is marked PA TEST (M507) and is used
in conjunction with the right-hand selector switch
(S504) on the control panel. It meters the individual
PA grid currents, the total PA grid current and the
individual cathode currents of the PA tubes. As in the
case of switch S503, the true values of the full-scale
meter readings for each position of switch S504 are
indicated on the control panel opposite the switch
pointer. The fifth and end meter of the group, desig-
nated as TOTAL PA PLATE, is permanently con-
nected in the cathode circuit of the power amplifier.
It is so connected, however, that the PA grid current
does not flow through it; therefore it is a true indica-
tion of the total PA plate current.

Output current is measured by two other meters,
M503 and M504, located on top of RF Unit T-225A/-
FRT-5.
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(2) POWER SUPPLY PP-490A/FRT-5. — There
are three meters located above the window on the
upper front door of Power Supply PP-490A/FRT-5. A
300-volt a-c LINE VOLTAGE meter (M302) and a
10-volt a-c P.A. FILAMENT VOLTAGE meter (M303)
are switched simultaneously by a common meter selec-
tor switch so that the appropriate meter will be used
to check the three-phase primary voltage, the output
voltage of the regulating transformers, and the PA
filament voltages. The third meter (M301) is a high
voltage d-c voltmeter which indicates the P.A. PLATE
VOLTAGE applied to the power amplifier.

g OTHER FEATURES. — There are several more
features of this equipment with which the operator
must be familiar. The following listing makes no
attempt to put them in their order of importance.
They are:

(1) DELTA-WYE-OFF SWITCH. — This switch
is located in Power Control C-587A/FRT-5 and pro-
vides a means for connecting the PA plate supply
transformer primary in delta or wye arrangement, or
disconnecting it entirely. The delta connection pro-
vides the highest secondary voltage and is the normal
adjustment. The wye connection provides a voltage
that is approximately 58 percent of normal. This volt-
age is provided for use while making initial adjust-
ments, and for use by operating personnel who are
learning to adjust the equipment. It may also be used
to keep the transmitter on the air when, for some
reason, it will not operate at full voltage.

(2) INTERLOCKS. — The upper front doors
and all of the rear doors are equipped with automatic
mechanical grounding switches. These switches oper-
ate the instant any of these doors is opened, to short-
circuit all potentials greater than that of the 230-volt
primary line. These are in addition to the normal
interlock switches which interrupt the primary cir-
cuits to the d-c power supplies. Normally, the inter-
locking circuits will shut off the power supplies ahead
of the operation of the grounding switches so that no
arcing or flashing occurs. In case of failure or slow-
ness of this electrical control system, these grounding
switches, short-circuiting the supplies as they do, will
trip out the primary breakers and thus prevent possible
accidental injury to operating personnel. It is a wise
precaution for the operator to form a habit of mo-
mentarily operating and releasing the plungers of these
interlocks each time he opens a door, in order to assure
himself that they are operating properly. This habit
may sometime save his life.

(3) TEST KEYS. — There is one test key (S521)
on the control panel of RF Unit T-225A/FRT-5, and
another (S316) on Power Supply PP-490A/FRT-5.
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These keys simulate off-on keying and are normally
open (when the handle extends straight out from the
panel). They are arranged to lock closed in the upper
position, but to make only momentary contact in the
down position. This makes it possible for the operator
to manually key the transmitter for test purposes.

(4) PA BIAS ADJUST. — The PA bias adjust-
ing control (R302) is located at the bottom of the
relay panel behind the lower front door of the power
unit. This control is normally adjusted to its extreme
counterclockwise position and left there. It is used
for careful adjustment of the bias when the amplifier
is adjusted for linear operation, as is required for
single side-band suppressed-carrier transmission.

(5) OFF-ON KEYER. — The off-on keyer has
two controls which are to be adjusted for best keying
waveform. One of these controls (R548) is the KEY-
ING INPUT LEVEL control. This is located on the
main control panel of the RF Unit T-225A/FRT-5 and
is simply a variable voltage divider across the keying
line. In order to retain any wave shaping that may
have been applied to the original pulse and to prevent
changing the relative spacing of the mark-to-space sig-
nals, this input level should be operated at as low a
value (counterclockwise direction) as will produce
constant keying. The other control, OUTPUT LEVEL
control R560, is located on the front panel of the
on-off keyer unit itself, which is to the right of
the main control panel of the r-f unit. This control
primarily adjusts the value of the biasing voltage
when the key is open and the carrier is off. This bias
voltage is increased or made more negative as the con-
trol is rotated counterclockwise. For normal general
operation, the control is to be set in middle position.
If means are available for observing the keying wave-
form, this control may be varied to obtain the best
result.

On the front panel of the keyer is a selector switch
(S502) marked KEYING INPUT FOR MARK. This
is a set-up switch. It sets the vacuum tube keyer so
that it will accept one of the four types of keying
that are indicated. When the nature of the key line
signal is known, this switch is set accordingly.

A control, marked KEYING SELECTOR (S501), is
located in the middle of the control panel on RF
Unit T-225A/FRT-5. Its middle position is marked
LOCAL. In this position the test keys on the control
panels are the only source of keying voltage, external
circuits being disconnected. To the left is a REMOTE
position. This connects the external incoming key line
directly to the off-on keyer for normal keying. The
right side is marked FSK. In this position the off-on
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keyer is by-passed and the carrier is locked on. The
input keying line is also shunted from the off-on keyer
to the key line input of the frequency shift keyer
mounted on the rack.

(6) PATCH PANEL. — A patch panel, otherwise
known as an input-switching or interconnecting panel,
is provided in the upper left-hand corner of the equip-
ment rack behind the lower front door of RF Unit
T-225A/FRT-5. This is shown in figures 3-9 and
3-11. The r-f input to the transmitter appears at one of
the coaxial jacks (J201) on this panel, while the out-
puts of the crystal oscillator, the master oscillator and
the frequency-shift keyer appear on separate coaxial
jacks (J1202, J1203 and J1205). Jumper or patch cables
are provided for interconnecting the frequency-shift
keyer and either of the two oscillators. Several external
and spare circuits are also available.

h. CRYSTAL OSCILLATOR O-92A/FRT-5. — This
is a 10-channel crystal oscillator which has no tuning
controls. A 10-position CRYSTAL SELECTOR
SWITCH [K] (S1102) on the front panel allows the
selection of the particular crystal required to provide
the desired output frequency. The only other adjust-
ments are the frequency trimming capacitors across the
individual crystal positions. These are internal ad-
justments and not to be touched except by qualified
personnel.

A second switch on the control panel (S1103) inserts
the small test meter into either the OSCILLATOR
CATHODE or the BUFFER CATHODE for current
checks. The third position of this selector, marked
REMOTE, provides for remote metering if the remote
equipment is available. This transmitter does not in-
clude such equipment.

i. MASTER OSCILLATOR O-91A/FRT-5. — This
is a continuous coverage oscillator delivering output
from 2000 kc to 4500 kc. Its front panel controls in-
clude a MASTER OSCILLATOR TUNING dial, an
INTERPOLATION OSCILLATOR TUNING dial, an
OUTPUT TUNING dial and a SET UP — OPERATE
switch (8103). The master oscillator and output tun-
ing are calibrated in kilocycles and are set up as close
to the desired frequency as possible. The interpolation
oscillator dial is calibrated directly in cycles-per-second
and is used in conjunction with the automatic frequen-
cy correcting circuit within this unit to bring the
master oscillator to the desired frequency. Refer to
the detailed operating instructions further on in this
section for the exact procedure to be followed in ad-
justing this and other controls.

j. FREQUENCY SHIFT KEYER KY-45A/FRT-5.
— Frequency Shift Keyer KY-45A/FRT-5 contains a
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4 S ction NAVSHIPS 91457(A) OPERATION
AN/FRT-5A
TABLE 4—1. CONTROL LOCATION AND FUNCTION
FUNCTIONAL LETTER | yvpE oOF
DESIGNATION LOCATION DESIG- COMPONENT SYMBOL PURPOSE OF CONTROL
NATION
PLATE—ON-OFF KY-45A/FRT-5 —— | Switch S1401 Controls connection of 250 volts and 150
(Front Panel) volts from power supply to components
of the F. S. Keyer. The PLATE ON pilot
lamp comes on when the switch is in
the ON position.
METER— KY-45A/FRT-5 —— | Switch $1402 Permits switching of M1401 to either the
GRID-PLATE (Front Panel) GRID or PLATE circuit of the POWER
AMPLIFIER, V1404.
OUTPUT LEVEL KY-45A/FRT-5 —— | Potentiometer R1430 Controls the r-f output level of the keyer.
(Front Panel)
PHASE KY-45A/FRT-5 —— | Potentiometer R1485 Connects the 250-volt plate supply to
MODULATION (Front Panel) and Switch S1408 phase-modulating oscillator V1407 with
switch S1408 and with potentiometer
R1485, modifies the magnitude of the
phase modulation.
WAVESHAPING KY-45A/FRT-5 —— | Switch S1404 Modifies the output wave shape of the
(Front Panel) keying tube by connecting different com-
binations of series inductance and bridged
capacitance.
TEST-OPERATE KY-45A/FRT-5 —— | Switch S1403 Permits selecting CARRIER - SPACE -
(Front Panel) MARK - FSK or PHOTO operation.
MAIN TUNING KY-45A/FRT-5 Capacitor C1405A | Tunes the output circuits of the BALANC-
through | ED MODULATORS, the BUFFER and
C1405E | the POWER AMPLIFIER.
TRANSMITTER KY-45A/FRT-5 B-2 Switch S$1405 Sets the magnitude of the frequency shifts
MULTIPLICATION (Front Panel) in ratios corresponding to the frequency
multiplication factor of the transmitter.
BASIC SHIFT KY-45A/FRT-5 —— | Potentiometer R1458 Adjusts the magnitude of the frequency
(Front Panel) shift.
KEYER BALANCE KY-45A/FRT-5 —— | Potentiometer R1450 Equalizes the magnitude of the balanced
(Behind Front keyer output voltage. This condition is
Panel) reached only when the TEST-OPERATE
switch is in the CARRIER position.
200-KC OSC. KY-45A/FRT-5 —— | Capacitor Cl1442 Adjusts frequency of frequency-shifted sig-
ADJUST. (Behind Front nal (200 kc oscillator).
Panel) :
FREQUENCY SHIFT KY-45A/FRT-5 ——— | Potentiometer R1464 Adjusts the gain- of phase shifting ampli-
CALIBRATION (Behind Front fier V1409 which in turn calibrates the
Panel) BASIC SHIFT control (R1458).
PHOTO ADJUST KY-45A /FRT-5 ——— | Potentiometer R1448 Limits the amount of photo signal to the
(Rear of Unit) balanced keyer tube.
LIMITER ADJUST KY-45A/FRT-5 ——— | Potentiometer R1439 Adjusts the bias on the balanced keyer
(Rear of Unit) and limiter tubes.
MODULATOR KY-45A/FRT-5 —— | Potentiometer R1416 Equalizes the output of the balanced
BALANCE (Rear of Unit) modulator.
EXT. OSC. KY-45A/FRT-5 —— | Switch S1401 Permits adjusting the level of the r-f input
ATTENUATOR (Rear of Unit) from the external oscillator.
PLATE ON-OFF 0-91A/FRT-5 —— | Switch S101 Controls connection of 250-volt and 150-
(Front Panel) volt outputs from power supply to com-
ponents of the r-f oscillator. The PLATE
ON pilot comes on when the switch is
in the ON position.
TEST-OPERATE 0-91A/FRT-5 —— | Switch $103 Controls the AFC motor. When the switch
(Front Panel) is in the OPERATE position the AFC ON
pilot comes on.
INTERPOLATION 0O-91A/FRT-5 Inductance L105 Interpolates within the 0-5000 cps range
OSCILLATOR (Front Panel) between adjacent points of M.O. dial.
MASTER 0-91A/FRT-5 A-1 Inductance L103 Determines the output frequency as indi-
OSCILLATOR (Front Panel) cated on the dial.
OUTPUT TUNING 0-91A/FRT-5 C-1 Capacitor C120 Tunes the output circuit of V112, the

(Front Panel)

output circuit of V113 and the plate cir-
cuits of the two harmonic amplifiers V104
and V105.

4-8

ORIGINAL



OPERATION NAVSHIPS 91457(A) S ction 4
AN/FRT-5A
TABLE 4—1. CONTROL LOCATION AND FUNCTION (C nt'd)
LETTER
FUNCTIONAL TYPE OF
DESIGNATION LOCATION DESIG- COMPONENT SYMBOL PURPOSE OF CONTROL
NATION
100 KC EXT. INT. 0-91A/FRT-5 ———  |Switch $105 To connect the internal 100-kc crystal in
(Rear of Unit) the circuit, or to connect an external 100-
kc crystal in the circuit.
OUTPUT CONTROL 0-91A/FRT-5 —— | Potentiometer R165 Changes the r-f output level of the r-f
(Rear of Unit) oscillator.
CRYSTAL SELECTOR | O-92A/FRT-5 Switch S1102 Selects one of the ten crystals for the os-
SWITCH (Front of Unit) A&B cillator circuit.
OSC. CATH., BUFF. 0-92A/FRT-5 —— |Switch S1103 Inserts front panel meter in oscillator
CATH., EXTERNAL (Front of Unit) cathode or buffer cathode, or connects
meter shunts to external metering circuits.
ON-OFF PP-454A/FRT-5| —— |[Switch $1001 Controls connection of 230-volt a-c power
(Front Panel) to the primaries of power transformers
T1001 and T1002.
METER SWITCH PP-454A/FRT-5 —— | Switch $1003 Switches the output voltages to the meter
(Front Panel) A&B circuit for reading.
METER SWITCH PP-490A /FRT-5 ——  |Switch S314 Simultaneously inserts A-C LINE VOLT-
(Control Panel) AGE and P. A. FILAMENT VOLTAGE
voltmeters into indicated positions for
checking. Provides switching to each of
the three phase lines, REG. BUS 1 & L
PA FIL. and REG. BUS 2 & R PA FIL.
SERVO CONTROL PP-490A/FRT-5| —— [Switch $306 Controls application of 230-volt a-c power
(Control Panel) to the servo power supply <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>