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SECTION 4
PRINCIPLES OF OPERATION

4-1. OVERALL FUNCTIONAL DESCRIPTION

a. GENERAL.—A general description of Radio Set
AN/GRC-27A is presented in section 1. For a com-
prehensive understanding of the principals of opera-
tion of the Radio Set, Section 1 should be studied
thoroughly. The following text is an analysis of the
electrical circuits and is not concerned with the physi-
cal details of the equipment.

This section includes a brief description of the over-
all electrical and mechanical functions of the equip-
ment. This description is followed by a detailed
explanation of each circuit, supplemented where
necessary by block diagrams and simplified schematic
diagrams.

Composite functional block diagrams of Radio
Receiver R-278B/GR,Radio Transmitter T-217A /GR,
and Modulator-Power Supply MD-129A/GR are
shownin figure 4-1. Sincethe Receiver and the Trans-

mitter can be operated independently, each unit is
described separately.

b. RADIO RECEIVER R-278B/GR.

(1) GENERAL.—As shown in figure 4-1, the
Receiver consists of a multi-channel receiver section,
a frequency selector unit, an audio amplifier, and a
power supply. The multi-channel receiver operates
on any one of 1750 channels in the frequency range
225.0 t0 399.9 mc.

The multi-channel receiver section employs a triple-
conversion superheterodyne system using crystal-
controlled oscillators employing a total of 38 crystals.
These oscillators operate in a synthesizer system to
produce the 1750 output frequencies. A motor-driven
frequency-selector unit operates the various crystal
switches and tuning mechanisms to permit rapid
change of operating frequency.

The frequency-selector unit, which is controlled by
switches on the front panel of the Receiver, automati-
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36 360.0 - 369.9 | 320.0 | 35.5555 9
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38 380.0 - 389.9 | 340.0 | 37.7178 9
39 390.0 - 399.9 | 350.0 | 38.8889 9
Figure 4-2. Radioc Receiver R-278B/GR, Multi-channel Receiver Section, Frequency Diagram
4-1

ORIGINAL




Paragraph
4-1b(1)

cally tunes the multi-channel Receiver to any one of
ten preset channels. These channels can also be
selected from remote units such as Control-Indicator
Navy Type 23496 used in conjunction with Radio Set
Controls C-1180/GRC-27 or C-1897/GRC-27A. The
ten preset channels are set up by banks of rotary
selector switches in the selector panel.

The power supply furnishes all required voltages to
various components of the Receiver.

(2) MULTI-CHANNEL RECEIVER SECTION.

(2) FREQUENCY GENERATING AND TUN-
ING SYSTEM.—The multichannel receiver operates
on any one of 1750 frequencies spaced at 0.1 mcinter-
vals. Itis completely tuned by the frequency selector
unit. The receiver gmploys a triple conversion super-
heterodyne circuitusing the following radio and inter-
mediate frequencies (also refer to figure 4-2).

NAVSHIPS 92774

FREQUENCY
RANGE

TUNING STEPS

CIRCUIT OR INCREMENTS

Tuned in 0.1 mc
increments.

R-f amplifier 220.0-399.9 mc*

180.0-350.0 mc Tuned in 18 steps

1st injection
of 10 mc each.

40.0-49.9 mc Tuned in 100 steps

1st i-f amplifier
of 0.1 mc each.

31.0-40.0 mc Tuned in 10 steps

2nd injection
of 1 mc each.

2nd i-f amplifier 9.0-9.9 mc Tuned in 10 steps
of 0.1 mc each.
3rd injection 6.95-7.85 mc Tuned in 10 steps
of 0.1 mc each
3rd i-f amplifier 2.05 mc Fixed-tuned

* Note that although the normal operating frequency range
of the Receiver is 225.0 to 399.9 mc, the synthesizer system
employed is capable of providing 50 additional frequencies in
the range 220.0 to 224.9 mc.

The r-f amplifier is tuned in 1-mc steps to any fre-
quency in the range from 225.0 to 399.9 mc. The
first injection system tunes in 10-mc steps to any
frequency from 180 to 350 mc. Thesetwo frequencies
are mixed in the first mixer to produce a first inter-
mediate frequency of 40.0 to 49.9 mc. The first i-f
amplifier will be tuned to one of 100 frequencies
spaced 0.1 mc apart. The second injection system
generates one of ten frequencies in the range 31.0 to

- 40.0 mc and mixes this frequency with the output of
the first i-f amplifier (40.0-49.9 mc) to produce a
second intermediate frequency of 9.0 to 9.9 mc. The
third injection system generates one of ten frequencies
in the range of 6.95 to 7.85 mc to mix with the output
of the second i-f amplifier (9.0-9.9 mc) to produce
the third intermediate frequency of 2.05 mc.

The method of tuning the Receiver is as follows:
The frequency-selector unit has three rotary output
shafts which select the proper crystals and tune various
circuits to establish a particular operating frequency.
These output shafts are called the 10-mc, the 1-mc and
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the 0.1-mc shafts. The 10-mc shaft rotates in 18
incremental steps, each increment representing 10 mc.
The 1-mc shaft rotates in ten incremental steps, each
step representing one mc. The 0.1-mc shaft also
rotates in ten incremental steps, each step representing
0.1 mc. By combining the outputs of these shafts and
applying the mechanical sum to the tuning of the r-f
and i-f circuits, any of 1750 frequencies in the range
of 225.0 to 399.9 mc may be selected as explained
below.

The r-f amplifier is tuned in 180 one-mc steps by
the 10-mc shaft (18 positions) and the 1-mc shaft
(10 positions) whose rotary motions are combined
in a differential mechanism to produce 180 rotational
positions.

The first injection system (main oscillator and fre-
quency multiplier-amplifier sections) is tuned in 18
ten-mc steps by the 10-mc output shaft which also
operates the main oscillator crystal selector switch to
select one of 18 crystal units.

The first i-f amplifier is tuned by the 1-mcand 0.1-mc
shafts, the rotations of which are combined in a differ-
ential tuning mechanism to producé one hundred
0.1-mc steps. The crystal selector switch and tuned
circuits of the second injection oscillator are con-
trolled by the 1-mc shaft.

The second i-f amplifier is tuned in ten 0.1-mc steps
by the 0.1-mc shaft which also operates the crystal
selector switch of the third injection oscillator.

As an example of frequency selection in the r-f and
i-f sections, assume that the Receiver is to be tuned to
a signal frequency of 395.5 mc. Also, assume this to
be preset channel number 10. Turn the knurled disks
opposite CHANNEL 10 in the preset panel to 395.5
as indicated on the dials. Turn CHANNEL SE-
LECTOR switch to CHANNEL 10. The frequency-
selector motor starts and produces a mechanical out-
put which tunes the Receiver as follows: (Note in
figure 4-2 that frequencies will be selected as follows
in the various sections):

r-f amplifier — 395.0 mc

1st injection system — 350 mc
1st i-f amplifier — 45.5 mc

2nd injection system — 36 mc
2nd i-f amplifier — 9.5 mc

3rd injection system — 7.45 mc
3rd i-f amplifier — 2.05 mc

(6) FUNCTIONAL OPERATION OF MAJOR
CIRCUITS.—A complete functional block diagram of
Radio Receiver R-278B/GR is shown in figure 4-3.
Refer to this diagram while reading the following
sub-paragraphs.

1. RADIO FREQUENCY AMPLIFIER.—The
radio frequency signal is received and amplified by a
two-stage amplifier using V101 and V102. The r-f
amplifier tuned circuits are tuned in 180 steps by the
10- and 1-mc autopositioner shafts operating through
a mechanical differential system.
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2. FIRST INJECTION SYSTEM.—The out-
put of the r-f amplifier is mixed in the first mixer with
a signal from the first injection system to produce a
first intermediate-frequency in the range from 40 to
49.9 mc. The first injection system consists of a
crystal-controlled oscillator and five stages of multi-
plication and amplification. Eighteen crystals are
employed to provide 18 injection frequencies spaced
at 10-mc intervals between 180 and 350 mc.

3. FIRST I-F AMPLIFIER.—The first i-f sig-
nal is amplified by a one stage amplifier using V402
and two interstage transformers which are permeabil-
ity tuned by the differential combinations of the 1 and
the O.1-mc autopositioner outputs. The signal is
mixed in second mixer V403 with an injection signal
from the second injection system comprising a crystal-
controlled oscillator using V404 and one of ten
crystals to produce a second intermediate frequency
in the range of 9.0 to 9.9 mc.

4. SECOND I-F AMPLIFIER.—The second
intermediate frequency signal is amplified by a one-
stage amplifier using V501 and two interstage trans-
formers that are permeability tuned by the mechanical
output from the 0.1-mc autopositioner. The signal is
then mixed in the third mixer, with an injection signal
from the third injection system, which used a crystal-
controlled oscillator employing ten crystals. The
crystal is selected by the 0.1-mc autopositioner so that
the last intermediate frequency is always 2.05 mc.

5. THIRD I-F AMPLIFIER.—The third i-f
signal (2.05 mc) is amplified by a three-stage fixed
tuned amplifier employing V601, V602 and V603,
and four double-tuned transformers.
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6. DETECTORS, NOISE LIMITERS AND
SQUELCH CIRCUIT.—The audio detector detects
the audio signal from the third i-f signal. The audio
signal is transmitted through the noise-limiter cir-
cuits to reduce the effect of impulse-type noise appear-
ing in the signal. The avc detector and avc gate
circuit produce a d-c control signal which is applied
to various amplifier tubes in order to maintain the
audio output level very nearly constant for wide varia-
tions in the r-f input signal. The squelch circuit pro-
vides a d-c voltage to operate the carrier-operated
relay which serves to remove the audio attenuator
(QUIETING control) from the audio path whenever
a signal is received. A direction finding circuit is
provided which utilizes V60GA. This feature is not
required in the normal communication applications
of Radio Set AN/GRC-27A.

7. AUDIO AMPLIFIER.—The signal from
the audio detector is amplified by the audio amplifier,
which includes V801, V802 and V803. Two output
circuits are provided; the main output (3 watts into
600 ohms) appears at the PHONES jack and AUX
CONTROL connector while the low level output
(+10 dbm) appears at the LOCAL CONTROL and
AUX CONTROL connectors.

(3) FREQUENCY SELECTOR SYSTEM.

(«) GENERAL.—Radio Receiver R-278B/GR
employs a frequency selector system which auto-
matically tunes the Receiver to any one of the 1750
available channels. Physically, the frequency selector
section consists of two main parts, the preset panel
and the autopositioner. The preset panel provides
switches for setting up ten preset, automatically tun-
able channels, and for setting up one manual channel.

-
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Figure 4-4. Autopositioner, Basic Elements
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The autopositioner is an electro-mechanical device
actuated by operating a channel selector switch located
on the front panel, or by remote control facilities.
The autopositioner tunes the receiver to a desired
channel selected from the ten preset channels. The
manual channel can be selected only from the panel-
mounted, channel-selector switch (figure 3-2.)

(6) PRESET PANEL.—The preset panel em-
ploys 33 rotary switches. For purposes of setting up
channels, these switches are arranged in 11 horizontal
banks of three switches each. The “tens” mc fre-
quency is set up on the first bank, the “units” mc fre-
quency on the second bank, and the “tenths” mc
frequency on the third bank. By combining the
settings of the three switches (horizontal rows), the
frequency of each of the eleven channels can be read
directly. The “manual” channel is set up the same as
the other ten channels, except that it is not possible
to select the “manual” channel from a remote position.
This channel is reserved for the local operator.

(¢) AUTOPOSITIONER.—The frequency se-
lector unit employs four relay-controlled devices
known as autopositioners. An autopositioner is a
motor-driven mechanism which positions a shaft to
any one of a number of preset positions. The basic
elements of an autopositioner are shown in figure 4-4.
It consists of a motor and gear reduction, a slip clutch,
a rotary shaft to which is fastened a notched stop-
wheel, a pawl which engages the notches of the stop-
wheel, and a relay which actuates the pawl and oper-
ates a set of electrical contacts to start and stop the
motor. Associated with each autopositioner is an
electrical control system consisting of a control switch
and a corresponding symmetrical “seeking” switch
which is driven by the autopositioner shaft. This
control system is designed so that whenever the con-
trol switch and seeking switch are not set to the same
electrical position, the autopositioner is energized and
operates to drive its shaft (and the driven elements
to which itis coupled) to the proper position to restore
the symmetry of the control system.

The frequency selector unit employs four autoposi-
tioners: the channel autopositioner, the 10-mc auto-
positioner, the 1.0-mc autopositioner and the 0.1-mc
autopositioner. The channel autopositioner energizes
the other three autopositioners through the channel
energizing switches and the preset panel. The 10-mc,
1.0-mc and 0.1-mc autopositioners each have output
shafts which tune the Receiver to the desired operating
frequency.

Referrmg to ﬁgure 4~4, the cycle of operatlon of an
autopositioner is as follows:

1. The system is at rest with the control and
seeking switches in corresponding positions“(open
circuit), relay in de-energized position, pawl engaging
a stop-wheel notch, and motor not energized.

2. The operator changes the setting of the
remote-control selector switch.

4-6

NAVSHIPS 92774

AN/GRC-27A
PRINCIPLES OF OPERATION

3. The control system energizes the relay,
lifting the pawl out of the stop-wheel notch and closing
the motor control contacts.

4. The motor starts, driving the autoposi-

tioner shaft and the rotor of the seeking switch.

5. The seeking switch reaches the point corre-
sponding to the new position of the remote switch,
opens the relay circuit and permits the pawl to drop
into the corresponding stop-wheel notch to stop the
shaft rotation.

6. The motor-control contacts open, and the
motor coasts to a stop, dissipating its energy in the
slip clutch.

The seeking switch of the control circuit is adjusted
to open the relay shortly before the stop-wheel reaches
the point where the pawl engages the proper notch.
The relay contacts controlling the motor are mechani-
cally operated by the pawl arm so that they do not open
until the pawl does drop into the notch.

Note that the slip clutch between the motor and auto-
positioner not only absorbs the energy of the motor as
it coasts to a stop, but also permits the same motor to
drive more than one autopositioner, either simultane-
ously or independently. The motor control contacts
of the autopositioner relays are connected in parallel
to keep the motor operating as long as any of the auto-
positioners are energized.

¢. RADIO TRANSMITTER T-217A/GR.

(1) GENERAL.—Radio Transmitter T-217A/GR
anditsassociated Modulator-Power SupplyMD-129A /-
GR constitute a radio transmitting installation. This
transmitter delivers a nominal output power of 100
watts, either tone or voice modulated, in the frequency
range of 225.0 to 399.9 mc. Figure 4—-1 shows that
the transmitter can be considered as a frequency gener-
ating system, plus an exciter, driver and a power ampli-
fier. The modulator-power supply provides the trans-
mitter with power and voice or tone modulates the
output stage of the transmitter.

Figure 4-5 is the complete functional block diagram
of Radio Transmitter T-217A/GR. Itshows theinter-
relation of the various sub-assemblies. A brief de-
scription of the major circuits shown in this figure is

- given in the following paragraphs.

Figure 4—-6 is the frequency system block diagram.
It shows for any combination of dial readings, which
crystals - are selected, the frequency multiplication
factor, and how the frequencies are mixed to produce
the desired output frequency.

) FREQUENCY SELECTOR.—The frequency
*#system employed in Radio Transmitter
T-217A/GR is identical with the system used in Radio
Receiver R-278B/GR. A description of the frequency
selector system is given in paragraph 4-1b(3).

(3) MAIN OSCILLATOR.—The Main Oscillator
is the 10-mc frequency generator. It establishes the
frequencies which give the 10-mc points between 220
and 390 mc after they are multiplied six or nine times
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Figure 4-6. Radio Transmitier T-217A/GR, Frequency Block Diagram
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in the frequency multiplier-amplifier. The main oscil-
lator employs 18 crystals, any one of which is selected
by the 10-mc autopositioner. The range of frequencies
produced by the main oscillator are between 31.1111
and 45 mc, as shown by figure 4-6.

(4) FREQUENCY MULTIPLIER-AMPLIFIER —
The frequency multiplier-amplifier uses five stages of
multiplication and amplification. The signal from the
main oscillator is doubled or tripled in the plate circuit
of V301. The signalisagain tripled in the tuned plate
circuit of V303. The frequency multiplier-amplifier
delivers one of 18 frequencies spaced at 10-mc inter-
vals in the range of 200-370 mc to mixer V406, in the
i-f oscillator.

(5) I-F OSCILLATOR.—(See figure 4-5.) The
i-f oscillator section includes two oscillators, referred
to as the 1-mc frequency generator and the 0.1-mc
frequency generator. Oscillator tube V404 and its
ten crystals generate any one of ten frequencies at
1-mc intervals in the 18 to 27-mc frequency range.
The frequency generated is determined by the crystal
selected and also by the plate tuning accomplished by
the 1-mc autopositioner. Oscillator tube V402 and
its ten crystals generate any one of ten frequencies at
0.1-mc intervals in the 2.0-2.9 mc frequency range as
determined by the crystal selected. These two fre-
quencies are added in mixer V401, amplified in V403
and V405, and the sum frequencies added with the
output frequency from the frequency multiplier-ampli-
fier in mixer V406. The i-f oscillator produces one of
100 frequencies spaced at 0.1-mc intervals in the range
of 20-29.9 mc.

(6) EXCITER AND DRIVER.—The signal from
the second mixer is amplified in the exciter and then
in the driver. The exciter and driver sub-assemblies
are tuned by the 10-mc and 1-mc autopositioners in
1-mc steps from 220.0 to 399.9 mc. The stages are
tuned to the center frequency of each 1-mc band, as the
pass-band is broad enough to amplify the 0.1-mc varia-
tions at the extreme ends.

(7) POWER AMPLIFIER.—The power amplifier
amplifies the output from the driver to produce a
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nominal output power of 100 watts. A servo motor,
which is the output stage of a servo system, tunes the
power amplifier throughout the frequency range of
220.0 to 399.9 mc.

(8) SERVO AMPLIFIER.—The servo amplifier
operates from an error signal on a servo bridge set up
by the 10-mc and 1-mc autopositioners. The output
of the servo amplifier operates the servo motor. The
servo motor tunes the power amplifier and adjusts the
setting of a potentiometer to restore equilibrium to
the servo bridge at the time the power amplifier is
tuned. :

(9) FREQUENCY GENERATION SYSTEM.—
The Transmitter operates on any one of 1750 frequen-
cies spaced at 0.1-mc intervals. With the exception
of the power amplifier stage, which is automatically
tuned by a servo amplifier system, the transmitter is
automatically tuned by the frequency selector unit.
Three oscillators are employed; their various outpauts,
when properly multiplied and combined, furnish the
1750 frequencies. Figure 4-6 shows how the fre-
quencies generated by the three oscillators are com-
bined to give the frequency as set up by the “dial read-
ing.” The chart below shows the frequency range and
tuning increments of each stage in the signal path.

As an example of frequency selection in the i-f and
r-f sections, assume that an output frequency of 395.5
mc is desired. Assume this to be channel number 10.
Turn the knurled disks opposite channel 10 in the
preset panel to 395.5 as indicated on the dials. Turn
the CHANNEL SELECTOR switch to channel 10.
The frequency selector motor starts and produces a
mechanical output which tunes the transmitter as
follows: (Note in figure 4-6 that frequencies will be
selected as follows in the various sections):

Main Oscillator—41.1111 mc

Frequency Multiplier-Amplifier—370 mc

1-mc injection—23.006 mc

0.1-mc injection—2.494 mc

Exciter, Driver and Power Amplifier—395.5 mc

STAGE

FREQUENCY RANGE

TUNING INCREMENTS

Main Oscillator

Exciter and Driver (see note 1)
Power Amplifier (See notes 1 and 2)

31.1111-45 mc

220-399.9 mc
220-399.9 mc

Tuned in 18 steps.

Frequency Multiplier-Amplifier 200-370 mc Tuned in 18 steps of 10 mc each.
1-mc injection (V404) 18-27 mc* Tuned in 10 steps of 1 mc each.
0.1 mc injection (V401) 2.0-2.9 mc** Tuned in 10 steps of 0.1 mc each.
I-f Amplifiers (V402, V403, V405) 20-29.9 mc Tuned in 100 steps of 0.1 mc each.

Tuned in 180 steps of 1 mc each.
Tuned in 180 steps of 1 mc each.

*Actual frequency 6 kc (.006 mc) above frequency shown.
**Actual frequency 6 k¢ (.006 mc) below frequency shown.

Note 1. Note that although the frequency range of the Transmitter is specified as being from 225.0 to 399.9 mc, the frequency
generating system employed is capable of providing 50 additional frequencies in the range 220.0 to 224.9 mc.

Note 2. After Serial No. 1000 (approx.) the power amplifier is tuned in 360 14-mc steps.

4-3
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(10) TRANSMITTER TUNING.—The fre-
quency-selector section has three rotary shafts which
select the proper crystals and tune various circuits to
produce the desired operating frequency. These out-
put shafts are called the 10-mc, the 1-mcand the 0.1-mc
shafts. The 10-mc shaft rotates in 18 incremental
steps, each increment representing 10 mc. The 1-mc
shaft rotates in ten incremental steps, each step repre-
senting 1 mc. The 0.1-mc shaft rotates in ten incre-
mental steps, each step representing 0.1 mc. By com-
bining the outputs of these shafts and applying the
mechanical sum to the tuning of the i-f and r-f circuits,
any one of 1750 frequencies in the range of 225.0 to
399.9 mc may be selected as explained below.

The 10-mc injection system (main oscillator and
frequency multiplifier-amplifier sections) is tuned in
18 10-mc steps by the 10-mc output shaft which also
operates the main oscillator crystal-selector switch to
select one of 18 crystals.

The 1-mc injection system (V404) is tuned in ten
1-mc steps by the 1-mc output shaft which also operates
the crystal-selector switch. :

The 0.1-mc injection system (V402) is tuned in ten
0.1-mc steps by the 0.1-mc shaft which also operates
the crystal-selector switch to select the proper 0.1-mc
crystal. .

Amplifiers V401, V403, and V405 are tuned by the
1-mc and 0.1-mc shafts, the rotations of which are
combined in a differential tuning mechanism to pro-
duce one hundred 0.1-mc steps.

The exciter and driver are tuned in 180 steps of 1 mc
each by the 10-mc shaft (18 positions) and the 1-mc
shaft (10 positions) whose rotary motions are com-
bined in a differential mechanism to produce 180
rotational positions.

The power amplifier is not tuned directly from the
auto-positioner output shafts as are the other sub-
assemblies. Instead, it is tuned by a servo amplifier
which takes its information from a resistance-type
servo bridge. This bridge is set up by the rotary
switches driven by the 10-mc and the 1-mc shafts. On
serial numbeérs 1000 and later (approx.), 0.5-mc infor-
mation is also set up on this bridge. Thus, for serial
numbers 1 to 1000, 180 steps of 1 mc each are pro-
vided, whereas on equipments having serial numbers
above 1000, 360 steps of 0.5 mc each are provided.

4. MODULATOR-POWER SUPPLY MD-129A/-
GR.—Modulator-Power Supply MD-129A/GR sup-
plies audio frequency signals, amplified to the necessary
levels to modulate the power amplifier. Two audio
frequency responses are available, and either one
may be selected by the operation of the BANDWIDTH
switch on the front panel of the Modulator-Power
Supply. In the NORMAL position, the response is
from 400 to 3000 cps, while in the BROAD position
the response is flat within four db from 200 to 20,000
cps.

In addition to voice modulation of the transmitter,
an audio oscillator producing a 1020-cps signal pro-
vides tone modulation for MCW transmission.

_4-10
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All d-c power for both the Modulator and Trans-
mitter units, in addition to the a-c filament power for
the Modulator, is supplied by the power supply in
Modulator-Power Supply MD-129A/GR. Filament
power for the Transmitter is taken from transformers
incorporated within that unit.

4-2. FUNCTIONAL SECTIONS.
«. RADIO RECEIVER R-278B/GR.

(1) MULTI-CHANNEL RECEIVER SECTION.

(#) GENERAL.—The functional block diagram
of the Receiver is shown in figure 4-3. As shown in
this figure, the multi-channel receiver section includes
an r-f amplifier, three injection circuits, three stages of
i-f amplification, detectors, noise limiters, cathode
followers, a carrier-operated relay and squelch circuit,
and audio amplifier and audio signal control circuits.
These circuits are described in detail in the following
paragraphs.

(#) R-F AMPLIFIER.—A simplified schematic
diagram of the r-f amplifier is shown in figure 4-7. It
consists of two grounded grid amplifiers V101 and
V102 which operate in conjunction with three identi-
cal r-f tuner circuits Z101, Z102, and Z103. The con-
struction of one of these tuners is shown in figure 4-8.

CAPACITOR™

Figure 4-8. Radio Receiver R-278B/GR, R-F Amplifier,
R-F Tuner Construction

The r-f tuner consists of a variable capacitor and
variable inductor which rotate simultaneously so that
in 180 degrees of rotation the resonant frequency
changes linearly 180 mc at a rate of 1 mc per degree.
The variable capacitor consists of two stator plates
and three rotor plates, the front and rear of which are
radially slotted for the purpose of alignment adjust-
ments. The inductive loop consists of the inductance
stator rod, a ring segment and the inductance rotor
rod. The three r-f tuners are geared together and
driven through a mechanical differential from the
10-mc and 1-mc autopositioner outputs.

ORIGINAL
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A r-f signal (225.0 to 399.9 mc) enters the Receiver
at the antenna terminal and is conducted by type
RG-58/U coaxial line through low-pass filter Z1202
to the r-f amplifier input circuit where itis link coupled
into the first r-f tuned circuit. The signal is amplified
in the two grounded-grid, shunt-fed amplifiers (V101
and V102) which employ the special r-f tuners for
interstage coupling. Avc voltage is impressed on the
grid of V102, Bifilar chokes in the filament leads and
inductive impedances Z104 and Z105 in the plate
shunt-fed circuit isolate the power circuits from radio-
frequency voltages. The r-f signal is then fed to the
first mixer through a connection between the r-f
amplifier and the first i-f amplifier.

(¢) FIRST INJECTION SYSTEM.—The first
injection system is contained in two circuits desig-
nated as the main-oscillator circuit and the frequency
multiplier-amplifier circuit. A simplified schematic
diagram of the main-oscillator circuit is shown in
figure 4-9. The main oscillator employs a Butler

RF
QUTPUT

10 MC POSITIONING

Figure 4-9. Radio Receiver R-278B/GR,
First Injection System, Main Oscillator
Circuit, Simplified Schematic Diagram

circuit consisting of 18 type CR-32/U crystals and a
crystal switch within a temperature-controlled oven,
plus oscillator tube V201 and other circuit elements.
Tube V201 comprises a grounded grid amplifier
followed by a cathode follower which in turn couples
back into the grounded grid stage through the crystal.

To understand the operation of this oscillator, con-
sider a random positive pulse appearing at the cathode
of grounded grid amplifier V201A. Since the grid is
grounded through a 22-ohm resistor, a rise in cathode
voltage causes a decrease in plate current and therefore
an increase in plate voltage. This positive pulse is
coupled to the grid of cathode follower V201B. The
cathode voltage follows the grid voltage so that the

ORIGINAL
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positive pulse is coupled back to the cathode of the
grounded grid amplifier through the crystal. The
crystal presents a low impedance path only at series
resopance. Thus, oscillations are generated by the
stage and sustained in the zero-phase-shift feedback
loop. The plate load of the grounded grid amplifier
is tuned circuit C203 in parallel with one of 18 induc-
tances selected by the 10-mc autopositioner output.
The frequency of oscillation can be adjusted over a
small range by adjusting the tuning of the plate circuit.
This circuit is normally adjusted so that the frequency
of oscillation is precisely as desired, thereby eliminat-
ing any inaccuracy in the frequency of the crystal unit.
Inductance L201 resonates with the stray circuit
capacities at approximately 30 mc. The oscillator sig-
nal is fed to V301 through a capacitor and a soldered
connection connecting the two units.

The crystal is maintained at a constant temperature
by the thermostatically controlled crystal oven. The
crystal oven operates on 115 volts a-c and includes two
heater elements and two thermostats. One heater
element has a rating of approximately 100 watts and
is employed to bring the oven to operating temperature
rapidly when the equipment is first turned on. The
second heater element has a rating of approximately
20 watts and operates intermittently to maintain the
oven at the proper temperature (75 degrees C 5
degrees C).

A simplified schematic diagram of the frequency
multiplier-amplifier circuit is shown in figure 4-10.
This circuit consists of V301 and V302, a tapered
toroidal coil assembly in the plate circuit of the first
stage and an r-f tuner, similar to that shown in figure
4-8, in the plate circuit of the second stage. The
tapered toroidal coil is a variable inductor made up
of 18 turns of wire. A rotary contact progressively
adds a wrn of wire (from-a shorted condition) as the
Receiver frequency is changed in ten-megacycle steps
from the highest to lowest frequency.

The oscillator signal (26:67 to 38.89 mc, see figure
4-2) is received on the grid of V301. The tapered
toroidal coil in the plate circuit is tuned to twice the
oscillator frequency for the six lowest injection fre-
quencies and to three times the oscillator frequency for
the twelve highest injection frequencies. This signal
is fed to the grid of V302. The signal frequency is
tripled in this stage as the r-f tuner in the plate circuit
is tuned to three times the input to the stage.

The first injection amplifier is a three-stage grounded-
grid, shunt-fed amplifier employing V303, V304, and
V305 and three special r-f tuners Z305, Z307, and
Z309 for interstage coupling. The four r-f tuners of
the frequency multiplier-amplifier differ from those
used in the r-f amplifier as they have differently shaped
capacitor rotor plates and are tuned to a lower fre-
quency. The injection signal (180 to 350 mc) is
amplified in this three-stage amplifier and fed to the
cathode of the first mixer. Bifilar chokes in the fila-
ment leads and inductive impedances Z304, Z306,
and Z308 in the plate shunt feed isolate the power
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Figure 4-10. Radio Receiver R-278B/GR, First Injection System, Frequency Multipliet-Amplifier Circuit,
Simplified Schematic Diagram
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circuits from radio frequency energy. All stages in
the frequency multiplier-amplifier are tuned from the
output of the 10-mc autopositioner through a series of
gears. Likewise, the switching in the main oscillator
is done from the output of the 10-mc autopositioner.

(d) FIRST I-F AMPLIFIER.

1. GENERAL.—A simplified schematic dia-
gram of the first i-f amplifier is shown in figure 4-11.
This circuit includes the first mixer, the first i-f ampli-
fier stage, the second oscillator stage, and the second
mixer. Each of these circuits is described in the
following paragraphs.

2. FIRST MIXER.—As shown in figure 4-11,
first mixer V401 combines the r-f signal (225.0 to
399.9 mc) received on the grid with the first injection
signal (180 to 350 mc) received on the cathode to
produce a first intermediate frequency in the range of
40.0 to 49.9 mc. The output transformer is permea-
bility tuned as explained below.

3. FIRSTI-FAMPLIFIER STAGE.—Asshown
in figure 4-11, this stage consists of V402 and two
interstage i-f transformers. This circuit receives the
40 to 49.9 mc i-f signal, amplifies it and feeds it to the
grid of second mixer V403. The gain of the stage is
controlled by the avc circuit. Because the r-f channels
are spaced at 0.1-mcintervals and the injection system
is tunable at 10-mc intervals, there are 100 possible
first intermediate frequencies. The first i-f interstage
transformers, T401 and T402, are therefore made
tunable in 100 one-tenth megacycle increments by
means of a differential tuning mechanism which in-
cludes a tuning rack that is cam driven from the 0.1-mc
and 1.0-mc autopositioner outputs (see figure 4~26).

SECOND IF AMPLIFIER

6AU6

9.0-9.9 MC 2 .
INPUT
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The interstage transformers are permeability tuned by
powdered iron cores mounted ontherack. Camsona
fixed-bearing shaft, driven from the 0.1-mc auto-
positioner output, raise or lower a floating shaft driven
from the 1.0-mc autopositioner output. Cams on this
floating shaft raise or lower the tuning rack. Since
each set of cams adjusts the rack in ten steps, the com-
bination of the action of the two sets gives 100 posi-
tions of the tuning cores. Threaded studs on the cores
make it possible to adjust each core independently
during the alignment procedure. Trimmer capacitors
across the tuned circuits are provided so that the most
lipear part of the tuning curve can be selected to give
the best tracking.

4. SECOND OSCILLATOR.~—As shown in
figure 4-11, the second oscillator (or second injec-
tion system) is essentially V404 operating in a Butler
type oscillator circuit. This circuit employs one of
tentype CR-23 /U crystal units operating at frequencies
from 31.00 to 40.00 mc. The theory of operation of a
Butler oscillator circuit is explained in paragraph
4-24(1)(c). Selection of the correct crystal unit and
tuning of the plate transformer is done by the 1-mc
autopositioner output. An injection frequency at
each megacycle from 31 to 40 mc is provided. The
second injection signal is fed to the cathode of second
mixer V403,

5. SECOND MIXER.—The second mixer,
consisting of V403 (type 6AK5W), combines the first
i-f signal (40.0 to 49.9 mc) received on the grid with
the second injection signal (31.0 to 40.0 mc) to pro-
duce a second intermediate frequency of 9.0 to 9.9 mc.

THIRD MIXER-OSCILLATOR
v502

12au7 2.05MC

Y
\H-%
2

200V

SITIONING

200V

1000

Figure 4-12. Radio Receiver R-278B/GR, Multi-channel Receiver Section, Second I-F Amplifier,
Simplified Schematic Diagram
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(¢) SECOND I-F AMPLIFIER .—Figure 4-12 is 2. THIRD I-F AMPLIFIER STAGE.—A sim-
a simplified schematic diagram showing the second plified schematic diagram of the third i-famplifier stage
i-f amplifier. This amplifier consists of the second is shown in figure 4-~13. The third i-f signal is ampli-
i-f stage and the third oscillator and mixer circuit. The fied in the three-stage third i-f amplifier consisting of
amplifier consists of V501 and tuned circuits. The V601, V602, V603, and four interstage i-f trans-
second i-f signal (9.0 to 9.9 mc) is conducted from the formers tuned to 2.05 mc. The first i-f transformer is
plate of the second mixer to the primary of T501 over overcoupled and the last three are undercoupled. This
type RG-58/U coaxial line and thence to the grid of is done to give the desired band pass characteristics.
V501 where it is amplified and fed to the grid of the The first two stages, employing V601 and V602 are
third mixer. The stage is avc controlled and the inter- avc controlled. The signal is then coupled to output
stage transformers are permeability tuned by a cam- transformer T604 whose secondary is in the audio

driven tuning rack operating from the 0.1-mc auto- and avc detector circuits.
posidoner output. . . 3. AUDIO DETECTOR AND NOISE
The third oscillator-mixer consists of V502 and LIMITERS.—A simplified schematic diagram of the
one Of: ten type CR-18/U crystal units. A Pl_erc? type audio detector and noise limiters is shown in figure
toif)?)ssfilnz:l)sr ifl :;eedfi'z g;:;crat:a‘;nz %f;‘;“:;“_;ﬁ‘s 15‘7‘1;2' 4-14. The audio de.tectm: and noise limiters employ
0 S1g n 9 y rang ! the following tubes: audio detector V604A, series
This signal is impressed on the cathode of the third noise limiter V605A, shunt noise limiter V605B, and
mixer. The correct crystal unit is selected by the 0.1- noise cancellation detector V608B. The diode de-
mc autopositioner output. The §econd i-f sxg‘nal 1s tector circuit is a conventional circuit in which V604A
_ received on the grid of the third mixer. Thesesignals . ,,eraies a5 a rectifier. The diode load consists of
are combined to produc.e a.thlrd intermediate fre- R613 and R614 in series, by-passed by C629. The
quency of 2.05 mc, which is conducted over type output of the detector is a negative voltage (normally
RG-58/U coaxial line to T601. about — 8 volts with respect to cathode of V604A)
(f) THIRD I-F AMPLIFIER. upon which is superimposed the audio modulation

1. GENERAL.—The third i-f amplifier con- signal.

tains the following circuits: third i-f amplifier, audio The series diode limiter circuit employs diode ele-
and avc detectors, audio and direction finder amplifiers, ment VGOS5A in a circuit that limits the audio output
noise limiters, carrier operated relay and squelch signal to approximately 40 percent upward modula-
circuit, and avc gate. These circuits are described in tion. Since impulse noises of the type encountered at
the following paragraphs. uhf consist of very sharp pulses of several hundred
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Figure 4-14. Radio Receiver R-278B/GR, Multi-channel Receiver Section, Audio Detector and Noise Limiters,
Simplified Schematic Diagram:
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Figure 4-15. Radio Receiver R-278B/GR, Multi-channel Receiver Section, AVC Detectors and AVC Gate,
Simplified Schematic Diagram

percent modulation, this limiting action greatly re-
duces the amount of noise energy transmitted to the
audio amplifier circuits without adversely affecting
the intelligibility of voice signals. In the circuit em-
ployed, the plate of the diode is connected to the
junction of R613 and R614. These resistors act as
a voltage divider. R622 and C634B act as a filter to
establish a reference potential. R623 and R624 in
series act as a diode load resistor. The output audio
signal is developed across these two resistors.

The operation of this circuit can best be understood
by assuming VGO5A to be an ideal diode; that is,
perfectly conducting in one direction and completely
non-conducting in the other direction of current flow.
With a d-c developed bias of about —2 volts at the
output of the detector (point A in figure 4-14), the
current flow through the circuit results in d-c poten-
tials at points B, C, and D. Note that point C is by-
passed to ground so that its instantaneous potential
to ground is not affected by the modulation signal.

When the audio modulation is superimposed on the
developed bias, the audio signal is transmitted through
the diode from point B to point D, provided the in-
stantaneous potential of point B does not become more
negative than that of point C. If the latter occurs, the
electronic conduction of the diode will be cut off and
point D will remain at the potential of point C until
conduction is re-established. From this it can be seen
that the upward modulation of the signal transmitted
through the noise limiter circuit is limited to about

4-18

40 percent modulation (2 volts peak audio signal
across the diode with respect to —5 volts d-c bias
developed across R614). Downward modulation is
not affected by this circuit.

The amount of noise energy remaining in the output
of the series diode limiter circuit is further reduced by
the introduction of noise pulses of about equal ampli-
tude but of opposite polarity to cause noise cancella-
tion. These pulses are generated by noise cancellation
detector V608B. This tube operates as an infinite
impedance type of detector in which the i-f signal is
applied to the grid of the tube and the detected output
appears at the cathode. In this application, the tube
is cathode-biased by means of voltage divider R637
and R639 in series to about 4-15 volts so that only
signals exceeding about 100 percent upward modula-
tion are detected. Noise pulses that appear as positive
pulses in the cathode circuit are coupled back into the
output of the series diode limiter circuit by C635.

A shunt type limiter has also been included in this
Receiver for the purpose of protecting the avc and
squelch circuits from the effects of noise pulses. In
this circuit, diode element V605B is biased by means
of voltage divider R620 and R621 to about —15 volts.
When an i-f signal of peak amplitude greater than 15
volts is applied to this circuit, the diode conducts and
effectively connects a very low impedance across the
secondary of T604, thus limiting the i-f voltage that
can appear across it. This reduces the effect of noise
impulses that would ordinarily generate appreciable
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avc voltage, thus reducing the sensitivity of the Re- of the avc detectors is to maintain the output of the
ceiver to desired signals. Since the carrier-operated receiver relatively constant for wide variations of
relay control voltage is also developed by the avc signal input level. The purpose of the avc gate is to
detector-amplifier, this limiter also reduces the tend- provide an avc voltage delay so that weak signals can
ency of the silencer circuit to open in the presence of come through with maximum amplification.

noise impulses. The two sections of the diode detector (V604A and

B) with its accompanying circuit, form a voltage dou-
bling circuit for the avc voltage. The cathode potential
of V604:4.is about +6 volts due to bleeder current
from the 200-volt supply through R616 and RG15.
This voltage is sufficient to keep VGO7A cut off for |
low values of carrier signal strength. The gain of
the r-f and i-f amplifiers is determined by the setting
of RF GAIN control R1207. As the carrier level is

4. AUDIO CATHODE FOLLOWER.—The
audio cathode follower, consisting of V606B, is shown
in figure 4-14. The audio output of the noise limiter
circuit is coupled to the grid of V606B. The output
of this stage is developed across cathode resistor R627
and is transmitted through shielded wire to the
QUIETING and FREQUENCY RESPONSE controls.

5. DIRECTION FINDER CATHODE FOL- increased, audio detector V604A (which is also a
LOWER.—The direction finder cathode follower part of the avc circuit) develops an increasing negative
circuit is shown in figure 4-14. By means of this voltage across its load (R613 and R614 paralleled by
circuit, Radio Receiver R-278B/GR can be used in a C629). Likewise, avc detector V604B develops an
direction finding system such as Radio Direction increasing negative voltage across its load (R618
Finder AN/CRD-6. paralleled by C632). Since these two sections of the

Referring to figure 4-14, the third i-f signal is de- diode conduct on opposite halves of the cycle, the
tected by direction finder detector V607B and the voltages developed across the two loads are in series

audio signal developed by this detector is coupled to or additive. The combined voltage appears at the
the grid of V606A by capacitor C644. The output of plate of V604B aud. the cathode of avc gate VGO7A.
this cathode follower stage is developed across cathode The grid of V607A is at about —12 volts due to —45-
resistor R628 and is transmitted to pin D of the AUX volt l?leede:r current throygh R632 and R631. When
CONTROL connector. sufficient input s1gna_l is applied, the cathode of

Normally, Radio Set AN/GRC-27A is not used in VG607A becomes sufficiently negative to cause the tube

Lo . . to conduct. ‘The stronger the carrier signal, the m
direction finder systems aboard ship. Hence, this R & gnal, the more
. . . . negative is the cathode of V607A, and the more it
feature is not described in detail.

conducts. The voltage drop across the plate load

6. AVC DETECTORS AND AVC GATE.— causes the output avc voltage to become more negative,
A simplified schematic diagram of the AVC circuit is thereby decreasing the gain of the r-f and i-f amplifiers.
shown in figure 4-15. This circuit includes avc Two time constants are provided by the AVC TIME
detector V604 and avc gate V607 A with its associated CONSTANT switch: COMM (commuanication) posi-
circuit. Three controls on the front panel are asso- tion, 0.1 second and DF (direction finder) position,

ciated with the avc circuit: AVC TIME CONSTANT 2 second. With the MAIN RF GAIN set to maximum,
switch, MAIN RF GAIN and AVC ON-OFF switch avc voltage varies from about — 2 to — 8 volts, depend-
(labelled LOCAL-AVC OFF-REMOTE). The purpose ing on carrier signal strength.
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Figure 4-16. Radio Receiver R-278B/GR, Multi-channel Receiver Section,

Carrier-Operated Relay and Squelch Circuit, Simplified Schematic Diagram
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7. CARRIER-OPERATED. RELAY AND
SQUELCH CIRCUIT.—The multi-channel receiver is
provided with a carrier-operated relay which is actu-
ated by a two stage d-c amplifier that receives its
control signal from the audio detector circuit. The
circuits are designed so that the relay is actuated when-
ever a carrier signal of sufficient amplitude (as deter-
mined by the setting of the MAIN R-F GAIN control)
is received. The carrier-operated relay is provided
with three sets of contacts as follows: s.p.s.t. contacts
for operation of external equipment, s.p.s.t. contacts
for operation of the MAIN CARRIER indicator lamp,
and s.p.d.t. contacts for operation of the audio squelch
(silencing circuit).

As shown in figure 4-16, the carrier-operated relay
circuit includes V608A, VG609, and carrier-operated
relay K801. The SQUELCH ON-OFF switch and the
QUIETING control, located on the front panel of the
Receiver, are associated with the circuit.

A negative d-c voltage that is superimposed by an
audio frequency is taken from the audio detector load
and impressed on the grid of V608A. Capacitor C642
is an audio bypass capacitor. The two stages of the
circuitact as a one-kick multivibrator to assure positive
activation of the carrier-operated relay.

To follow the operation of the circuit, assume that
a carrier signal is received after a period of no carrier
input. With no carrier input:

(1) diode detector tube V604 is not conducting,
so there is no volitage developed across diode load
R613 (see figure 4~14),

(2) the voltage impressed on the grid of V608A
is about 6 volts as determined by bleeder R616 and
R615, and

(3) VG08A is conducting, causing a voltage drop
across R644 that makes the grid of V609 negative and
V609 is virtually cut-off because of this biasing voltage.

Now consider the reception of a carrier signal:

(1) the grid of VG08A becomes negative because
of the rectified voltage developed across the diode
load, ’

(2) current through V608A decreases,

(3) tube VG609 begins to conduct because its grid
is allowed to go positive,

(4) cathode current of V609 flowing through
R645 biases VG608A even more (this action being
regenerative, V608A is quickly cut off), and

(5) V609 conducts to energize carrier-operated
relay K801.

When the carrier-operated relay is activated, the
MAIN CARRIER indicator is illuminated, the QUIET -
ING control is removed from the audio amplifier cir-
cuit, and facilities are provided for the operation of
external equipment through pins on the AUX OUT-
PUT connector. With the SQUELCH switch in the
ON position, operation of the carrier-operated relay
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is as described above. In the OFF position, the
carrier-operated relay remains actuated at all times.

(g) AUDIO AMPLIFIER AND AUDIO SIG-
NAL CONTROL CIRCUITS.

1. GENERAL.—A simplified schematic dia-
gram of the audio amplifier and audio signal controls
is shown in figure 4~17. Refer to figure 4-3 for the
function of these circuits in the multi-channel receiver
section. As shown in figure 4-17, the audio amplifier
circuit includes two stagelamplifier V801 and push-
pull amplifier V802 and V803. The audio signal con-
trols consist of QUIETING control R1204, carrier-
operated relay K801, the audio bandwidth filter, and
AUDIO GAIN control R1205.

2. AUDIOSIGNALCONTROLS.—~Theaudio
signal developed at the cathode of V606B passes
through several audio control circuits before being
applied to the grid of V801. The purpose of the
QUIETING control is to attenuate the Receiver noise
output any desired amount at the time no carrier signal
is present. When a carrier signal of sufficient ampli-
tude (as determined by the setting of the MAIN RF
GAIN control) is received, the carrier-operated relay
operates its contacts so that the audio signal bypasses
the QUIETING control, goes through the audio band-
width filter to the grid of V801.

The audio FREQUENCY RESPONSE switch has
two positions: BROAD and NARROW. In the
BROAD position, capacitor C1203 is switched into
the circuit so that the 200 to 20,000 cps flat response
characteristic of the Receiver is employed. In the
NARROW position, the audio filter is switched into
the circuit so that the audio frequency response is
limited to a narrow audio band.

3. AUDIO AMPLIFIER.~The audio signal
from the bandwidth control is amplified in two-stage
amplifier V801A ‘and V801B and impressed across
the primary of transformer T801. Two of the second-
ary windings furnish a low level cutput for operation
of external equipment. This output appears at the
LOCAL CONTROL and AUX CONTROL output
jacks. These two windings are ordinarily connected
in series. The junction point (used as a center tap)
may be connected directly to ground or the two leads
may be individually bypassed to ground. The latter
arrangement is provided for use with the ‘‘double
simplex technique” in which a d-c control signal is
carried over the lines used for the audio signal. The
other secondary winding of T801 applies the signal
through AUDIO GAIN control R1205 to the grids
of the push-pull amplifier stage consisting of V802
and V803. The output of the push-pull amplifier
appears across output transformer T802. A maximum
of three watts output is available at PHONES jack
J1213 and at pins G and H of the AUX CONTROL.

(2) POWER SUPPLY.

(@) GENERAL.—The self-contained power
supply of Radio Receiver R-278B/GR supplies power
to the multi-channel receiver section, audio amplifier,
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and frequency selector unit. A detailed analysis of
circuits contained in the power supply is given in the
following paragraphs.

(6) POWER SUPPLY RECTIFIER.—As shown
in figure 4-18, the power supply rectifier consists of
V901, V902, and V903 working in conjunction with
transformer T901 to provide the plate supply, relay
supply, and bias supply. Transformer T902 supplies
the filament supply.

The Receiver is energized when J1216 is connected
to a source of 115 or 230 volts, 50 to 60 cycles and
POWER: switch is in the ON position. Plate and
filament transformers T901 and T902 employ dual
winding primaries that are connected so that either
115- or 230-volt operation may be selected by turning
switches S901 and S902 to the position that agrees
with the line voltage being used. When the POWER
switch is turned on, filament transformer T902 is
instantly energized through fuse F1202. A time delay
of approximately 30 seconds, provided by thermal
relay K901, permits the rectifier filaments to reach
operating temperature before the plate transformer is
energized.

The rectifier section employing gas-filled rectifier
V902 is a full-wave circuit that provides 115 volts
d-c for the operation of muting relay K802, and the
various relays associated with the frequency selector
mechanism. This section is connected in series with
the full-wave rectifier section employing V901 to pro-
vide the plate supply for the operation of the Receiver

NAVSHIPS 92774

AN/GRC-27A
PRINCIPLES OF OPERATION

circuits. A third full-wave rectifier (V903) operates
from the same secondary winding as V902 to provide
a negative bias supply voltage. Filament transformer
T902 is provided with a center-tapped-to ground 12.6-
volt secondary winding that provides filament voltage
for the Receiver and two 2.5-volt secondary windings
that supply filament voltage for V901 and V902. To
provide a 115-volt a-c supply for the operation of
thermal time delay relay K901, blower motor B1201,
frequency selector motor B1101, and the heater ele-
ments of the multichannel receiver crystal oven, the
primary section of T902 is employed as an auto-
transformer.

(¢) POWER SUPPLY FILTER.—The power
supply filter consists of three sections: the 230-volt
section, the 200-volt section, and the bias supply
section. The 230-volt section is a choke input L
section filter. Input choke L1001 is resonated with
capacitor C1001 at the second harmonic of the power
frequency to supply additional filtering action. The
230-volt output of this filter section is led through the
normally closed contacts of muting relay K802 and
back to the 200-volt filter section of the power supply
filter where additional filtering occurs and the voltage
is reduced to 200 volts. The bias supply filter section
is a resistor-capacitor filter, the output of which is
approximately — 45 volts,

Voltage regulator V804, which is located in the
audio amplifier unit, may be considered as part of the
power supply. This tube supplies regulated 150-volt
plate supply for the cathode follower circuits.
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Figure 4-19. Radio Receiver R-278B/GR, Frequency Selector System, Block Diagram
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(4) POWER SUPPLY VOLTAGE OUTPUTS.
— Distribution of the eight voltage outputs are as
follows:
1. 230 volts: Plate voltage for the audio out-
put tubes, squelch output tube, r-f injection amplifiers
and third i-f amplifiers.

2. 200 volts: Plate voltage for r-f amplifiers,
the first i-f amplifier, second i-f amplifier, third i-f
amplifier, and plate voltage for first audio amplifier
V8o1.

3. 150 volts: Plate voltage for audio and
direction finder cathode follower in the multi-channel
receiver section.

4. 115 volts dc: Relay supply and frequency
selector unit control circuits.

5. —45 volts: Bias for the audio amplifiers,
bleeders for the r-f gain controls, bleeders for avc
gates and shunt noise limiters.

6. 115 volts ac: Main oscillator crystal oven
heater, frequency selector motor and fan motor, and
thermal time delay relay.

7. 6.3 volts ac: Filament voltage supplying
the third i-f amplifier.

8. 6.3 volts ac: Filament voltage to all other
circuits in the Receiver.

(¢) MUTING RELAY.—The Receiver is pro-
vided with muting relay K802, whose principal func-
tion is to silence the Receiver at the time the Trans-
mitter carrier is on. The relay is operated on 115
volts dc and is actuated by providing a ground connec-
tion to the relay coil. The muting relay can be actuated
from an external source by grounding pin M of J1214
or pin J of J1215 and is automatically actuated when-
ever the frequency selector mechanism operates or
whenever tracking control switch S1207 is set to
OFF or RUN. The muting relay interrupts the 230-
volt plate supply.

(3) FREQUENCY SELECTOR SYSTEM.

(2) GENERAL.—As stated in paragraph 4-1,
the frequency selector system automatically tunes the
multi-channel receiver section to any one of the 1750
crystal-controlled frequencies in the range 225.0 to
399.9 mc. The frequency selector system consists of
the preset panel and the autopositioner. The preset
panel consists of a bank of 33 rotary switches on which
11 frequency channels can be “set up.” The auto-
positioner is a mechanical-electrical device that is
actuated by the channel selector switch or by remote
control facilities.

A block diagram of the frequency selector system is
shown in figure 4-19. The switching action usually
originates at the local channel selector switch or at the
remote channel selector switch, but it may originate
at the switches in the preset panel. An example of
frequency channel selection follows:

1. The operator changes the position of the
local channel selector switch.

ORIGINAL
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2. This energizes the channel autopositioner
through the local channel seeking switch.

3. The channel autopositioner energizes the
motor.

4. The motor in turn drives the channel auto-
positioner and the seeking switches and channel ener-
gizing switches coupled to it.

5. The seeking switch finds that position that
de-energizes the channel autopositioner.

6. The channel energizing switches (now set
to a new position) energizes the 10 mc, 1.0 mc and
0.1 mc autopositioners through the preset panel.

7. The motor is no longer energized through
the channel autopositioner but is now energized
through the other autopositioners.

8. The motor drives these three autoposition-
ers and associated seeking switches.

9. The 10 mc, 1.0 mc, and 0.1 mc auto-
positioner seeking switches each find their open posi-
tion thereby de-energizing the autopositioners. At
the same time the 10 mc, 1 mc, and 0.1 mc output
shafts rotate to that position which properly tunes the
Receiver, and the autopositioner indicator dials indi-
cate that frequency.

10. All autopositioners are now de-energized
and therefore the motor is de-energized. The fre-
quency selecting cycle has been completed.

() EXTERNAL CONNECTIONS.—Figure 4-
20 shows the control circuit which is external to the
frequency selector system but directly associated with
it.

(¢) CHANNEL AUTOPOSITIONER CON-
TROL RELAY.—The purpose of channel autoposi-
tioner control relay K1201 is two-fold. Since this
relay requires a much lower value of current and oper-
ates on a wider range of control voltage than the auto-
positioner relays, it is useful in installations where
the remote channel selector switch may be located
as much as five miles from the Receiver and where the
resistance of the control wires is appreciable. When
the channel autopositioner control relay is operated
by the control circuit, it actuates channel autoposi-
tioner relay K1101 and removes power from the other
three autopositioner relays, thereby preventing their
operation until the channel autopositioner has com-
pleted its operation.

(/) MOTOR-CONTROL RELAY.—Motor-
control relay K1202 has two sets of normally open
contacts. When the relay is energized through the
operation of any of the autopositioner relays, one set
of contacts applies 115 volts ac to autopositioner
motor B1101. A second set of contacts energizes the
muting relay, which disconnect the plate supply from
the Receiver circuits during the interval of frequency
change.

(¢) TRACKING CONTROL SWITCH.—
Tracking control switch S1207 is located in the ex-
treme rear, upper right-hand corner of the Receiver.
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The purpose of the switch is to permit manual control
of the 10-mc autopositioner during alignment of the
r-f amplifier and frequency multiplier-amplifier. The
switch is a two-wafer rotary switch having three posi-
tions: NORMAL, OFF, and RUN. In the RUN posi-
tion, relay K1102 is energized and the 10-mc auto-
positioner continues to operate until the switch is re-
turned to the OFF position. From the second section
of the switch, the muting relay coil is energized when
the switch is in the RUN or OFF positions.

(/) SEQUENCE OF OPERATION, LOCAL
CONTROL.—Referring to figures 4-20 and 5-26, the
sequence of operation of the frequency selector system

K102

8, a/p
8POSITIONS

the four clutch gears through a step-down geared
coupling. Only the channel autopositioner stop-
wheel is free to turn, as the other three stop-wheels are
locked by their pawls causing their respective clutches
to slip.
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8. The channel autopositioner shaft revolves
until local channel seeking switch S1102B finds its
open circuit position (in this case, the position corre-
sponding to MANUAL). The channel autopositioner
shaft drives the three channel energizing switches
(51102C,81102D, and S1102E) and the channel indi-

|
i
]
!
] I3
is as follows: : ] ;\‘\ =
1. Assume that the operator switches local ] ]
channel selector switch S1101A from channel 1 to ! +
MANUAL. Lo | SR
2. This action upsets the symmetry of the | @%4 g 30
system, because channel seeking switch $1102B is no l ¢ clio2
longer in a position corresponding to that of the I IS;HTAUF:NG 4 o.ipt
selector switch. : +18 v .
3. The coil of autopositioner auxiliary relay | ColL K1202
K 1201 is connected to ground by this path: pin 11 of I ~> GROUND
J1211 and P1101, common contact of S1101A, ter- !
minal 1 of S1101A, terminal 1 of S1102B, common '
contact of S1102B to pin 5 of P1101 which is con- : -39
nected to ground. | 2
4. Channelautopositioner controlrelayK1201 | ;37
operates, switching 115 volts dc from pin 12 to pin 10 | N
of J1211. ‘This voltage prevents relays K1102, ! —o3s
K1103, and K1104 from operating until after the ! —>35
channel autopositioner has completed operation. : ] >34
5. K1101 is energized. This action lifts the | i —>33 g
pawl out of the notched stop-wheel and operates two ! 1 —+32 gg
sets of contacts. The normally closed contacts open ! + *31 | 00
to place R1101 in series with the coil of K1101 to : : 30 rgu;:
limit the current through the coil to a low value suffi- i + —»20 | Z
cient to hold the relay energized. The normally open | siiose ! —e2n |’
contacts close to energize autopositioner motor start } —e27
relay K1202 through pin 6 of J1211 and P1101. ! .26
6. K1202 contacts close. One set disables : .25
the Receiver through operation of the muting relay. | e
The other set energizes autopositioner motor B1101. ! DN
7. Referring to figure 4-21, the motor drives { ‘ :;:
|
|
!
|
|
1
|
|
L

cator dial to the position correspon.dmg tc-x MANUA.L. Figure 4-22. Radio Receiver R-2788/GR,
9. When the channel seeking switch finds its 10-me Autopositioner and Seeking
open position, K1201 is de-energized. Switches, Simplified Schematic Diagram
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Figure 4-23. Basic Diagram of Binary Control System

10. The 115-voltd-c poweristransferred from
pin 10 to pin 12 of P1101.

11. K1101isde-energizedandK1102,K1103,
and K1104 become energized because the channel
energizing switch positions have been changed. The
coils 0of K1102, K1103, and K 1104 are connected to
ground through their associated seeking switches,
through the ““manual” preset switches, and through the
channel energizing switches, the rotors of which are
connected to ground.

12. The ““manual” preset switches have pre-
viously been set to a particular frequency,say 390.0 mc.

13. The motor is energized since its control
circuit is completed through the contacts of these
autopositioner relays.

14. The motor drives the 1.0 and 0.1 mc
autopositioners until their seeking switches find the
open-circuit position.

15. At these switch positions, relays K1103
and K1104 are de-energized and drop their pawls
into the correct notch of the stop-wheel, thereby pre-
venting any further rotation of the 1.0 and 0.1 mc
autopositioner output shafts.

16. The 1.0 mc and 0.1 mc autopositioners
have now been correctly positioned.

17. The 10-mc autopositioner has been *set-
ting up” simultaneously with the “setting up” of the
other two autopositioners. The 10-mc autopositioner
employs a mechanical and electrical combination of
three rotary switches to provide 36 electrical posi-
tions; 18 positions establish the 18 frequencies that
are spaced at 10-mc intervals and 10 positions that
are not physically usable except to provide a return of

ORIGINAL

the tuning mechanism to its starting position. The
following paragraph provides a detailed explanation
of the seeking switches of the 10-mc autopositioner.
To continue the sequence of operation, the coil of
relay K1102 is grounded through this path: NORMAL
contacts of tracking control switch §1207, rotor of
S1103A, wire no. 39 to “manual” preset switch §1117,
channel energizing switch §1102C, the rotor of which
is connected to ground.

18. K1102 lifts its pawl and the motor control
circuit is energized, as described before.

19. Themotor drives the 10-mcautopositioner
and seeking switches through a gear reduction and
clutch until the 10-mc seeking switches find the posi-
tion that removes voltage from K1102. K 1102 drops
its pawl! into the correct notch and the 10-mc auto-
positioner output shaft has been correctly positioned.

20. The autopositioner system is now cor-
rectly set up to establish a Receiver frequency of
390.0 mc. The four autopositioner relays are de-
energized so that the motor control circuit and motor
are likewise de-energized.

(g) OPERATION OF THE 10-MC SEEKING
SWITCH SYSTEM.—As shown in figure 4-22, the
10-mc autopositioner employs a mechanical and elec-
trical combination of 3 rotary switches, each having a
12 point stator to give 36 electrical positions. Eight-
een positions establish the 18 frequencies that are
spaced at 10-mc intervals and 18 positions that are
unused except to provide a return of the tuning mecha-
nism to its starting position. The two 10-mc seeking
switches (S1103A and S1103B) are of a rotary-wafer
type having the two sides complementary to each
other so that every switch position makes contact to
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either front or rear rotor. A third switch (S1104)
designated as the blanking switch acts to distinguish
between the first, second, and third revolution of the
two seeking switches. In the “seeking cycle,” the
blanking switch for the first 270 degrees revolution
of the seeking switches allows S1103A to “investi-
gate” its 9 used positions for an open-circuited condi-
tion that will de-energize the control circuits, mean-
while rejecting all positions of S1103B by shorting
front and rear blade rotors of S1103B together. For
the next 270 degrees revolution of the seeking switches
the blanking switch allows S1103B to investigate its
9 active positions and rejects all positions of S1103A
by shorting front and rear blade rotors of S1103A
together. During the last 540 degrees rotation of the
seeking switches, the blanking switch rejects all posi-
tions of both S1103A and S$1103B by shorting front
and rear blade rotors of both switches together. This
interval allows the tuning mechanism to travel to its
original or starting position of 39 mc. The exact
instant at which the two wipers make or break contact
with the blanking switch rotor is not critical because
there are three unused positions each on S1103A and
S1103B that the seeking switches are “investigating”
at the time the corresponding wiper is making or
breaking contact with the rotor of the blanking switch.
This allows a suitable tolerance in the alignment of the
blanking switch.

MOTOR

NAVSHIPS 92774
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The gearing ratios of the 10-mc autopositioner and
associated switches are as follows: stop-wheel to seek-
ing switches 2:1, seeking switches to blanking switch
3:1, blanking switch to 10-mc frequency indicator
2:1. Inother words, for one complete “tuning cycle,”
the 6-notched stop-wheel is required to make 6 revo-
lutions, the seeking switches 3 revolutions, the blank-
ing switch 1 revolution and the 10-mc frequency
indicator dial 2 revolutions. The 10-mcautopositioner
“sweeps the frequencies” from highest to lowest. The.
first position of the 10-mc seeking switches positions
the output shaft of the 10-mc autopositioner to set up
a Receiver frequency of 39x.x mc, the second position
produces 38x.x mc...and the 18th position of the
seeking switches produces 22x.x mc. The last 18
positions are employed for the return travel of the
tuning mechanism to the 390-mc position.

() REMOTE OPERATION OF THE FRE-
QUENCY SELECTOR SYSTEM.—The frequency
selector unit may be operated by remote control from
Radio Set Controls C-1180/GR or C-1897/GRC-27A.

To provide a positive remote control system for the
frequency selector system with a minimum number of
control wires, a special binary control system has been
developed, using the control wires in various combina-
tions. Four wires and ground are used to control the
channel autopositioner to permit remote selection of

115V AC
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Figure 4-24. Radio Receiver R-278B/GR, Frequency Selector System,
Channel Coding of Remote Selector Swifches
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any one of the 10 preset channels. This system is
most readily explained by a system composed of
single-pole double-throw switches as shown in figure
4-23. Note that when the switches are set symmetri-
cally (81 in the same position as $2, etc., as shown),
there is no current path from the relay coil to ground,
and the relay and motor remain de-energized. If,
however, any one of the control switches is set to a
position opposite to that of the corresponding seeking
switch, a path to ground will be closed. This action
energizes the relay and motor until the seeking
switches are repositioned to positions symmetrical to
the remote switches, which will again open the relay
circuit. The total number of different combinations
of switch positions in such a system is 2% when “n”
is the number of control wires used. In the four-wire
system shown, 24 = 16 different combinations exist.
However, one particular combination is not usable in
this application. As can be seen in figure 4-23, if all
the seeking switches are set to the “Lower” position,
there can be no path from the relay coil to ground,
no matter how the remote switches are set, and the
system is “dead.” Hence, the maximum number of
usable combinations is (2® — 1). Thus, a 3-wire
system can control 7 positions; 4 wires, 15 positions;
and 5 wires, 31 positions. In this case, it is necessary
to control 10 positions, therefore 4 control wires
are used.

To make the system of figure 4-23 physically usable
for controlling rotary shaft positions, special rotary
wafer type switches have been devised to perform the
same function. Referring to figure 4-24, each switch
consists of two rotor blades, mounted on opposite
sides of the switch rotor and insulated from each
other. The front and rear rotor blades take the place
of the “upper” and “lower” parallel bus connections,
respectively, of figure 4-23. It is seen that as the
channel selector switch is rotated, 10 combinations
of connections are set up as indicated in the table of
figure 4-24.

() SEQUENCE OF OPERATION, REMOTE
CONTROL.—To permit remote selections of chan-
nels, the local channel selector switch must be set at
REMOTE. This action transfers control of the chan-
nel autopositioner from the local channel selector
switch to the remote channel selector switch. Refer-
ring to figure 4-25, the cycle of operation of the chan-
nel autopositioner is as follows:

1. The system is at rest with the control and
seeking switches in corresponding positions (open
circuit), relay in de-energized position, pawl engaging
a stop-wheel notch, and motor de-energized.

2. The remote operator changes the setting
of the remote channel selector switch.

3. The coil of auxiliary relay K1201 is con-
nected to ground by the following path: pin 11 on
connector P1101, the rotor blade of S1101A, the
rotor blade of remote channel seeking switch S1102A4,
the control wires leading to the remote channel
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selector switch one or more of which is connected to
ground through the rotor blade.

4. K1201 operates its contacts that energize
K1101, the channel autopositioner relay.

5. K1101 lifts its pawl out of the stop-wheel
notch and closes its contacts that energize motor ener-
gizing relay K1202,

6. K1202 closes its contacts to energize the
motor.

7. The motor starts, driving the autoposi-
tioner shaft and the rotor of remote channel seeking
switch S1102A.

8. The seeking switch reaches the point cor-
responding to the new position of the remote channel
selector switch, thereby removing the ground connec-
tion to auxiliary relay K1201.

9. K1201 opens its contacts to de-energize
K1101. K1101 drops its pawl into the notch of the
stop-wheel, to stop the shaft rotation.

(4) MECHANICAL DRIVE SYSTEM FOR RE-
CEIVER TUNING.

(#) FREQUENCY SELECTOR SYSTEM ME-
CHANICAL DRIVE.—Referring to figure 421, motor
B1101 is energized at a time when one or more auto-
positioner pawls have lifted from their stop-wheels.
A typical switching operation is given in the following
sequences.

1. The channel autopositioner becomes ener-
gized so that its pawl releases the stop-wheel and a set
of contacts energizes the motor.

2. The motor drives the four clutch plates
through a series of gears.

3. Oalythe channel autopositioner shaft turns.
All other clutches slip, since their pawls lock the
stop-wheels.

4. The channel indicator and channel switches
set up. This action energizes the other three auto-
positioners.

5. The channel autopositioner pawl engages
its stop-wheel and the other three pawls release their
stop-wheels.

6. The motor drives the three frequency deter-
mining autopositioners through their clutches.

7. The 0.1-mc autopositioner uses a direct
drive output and the indicator dial is geared 1:1 to the
output shaft.

8. The 1.0-mc output uses a gear ratio of 2:1
to drive the 1.0-mc indicator dial and a gear ratio of
2:1 to drive the 1.0-mc tuning shaft. Therefore, the
1.0-mc autopositioner must make two complete revo-
lutions to complete a tuning cycle.

9. The 10-mc autopositioner is geared to the
tuning mechanism in such a way that six complete
revolutions of the 10-mc autopositioner are required
to complete one tuning cycle. Seeking switches
S1103A and S1103B make three revolutions, blanking
switch S1104 one revolution, and the 10-mc indicator
dial two revolutions,

ORIGINAL
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Figure 4-26. Radio Receiver R-278B/GR, Receiver Tuning, Mechanical Drive System
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(6) TUNING SYSTEM, MECHANICAL
DRIVE.—Referring to figure 4-26, the following Re-
ceiver circuits receive the following mechanical
inputs:

RECEIVER CIRCUIT
R-f amplifier
Main oscillator
Frequency multiplier-amplifier
First i-f amplifier
Second i-f amplifier

(¢) SECOND I-F AMPLIFIER TUNING.—The
second i-f amplifier has one mechanical input. This
input is received from the 0.1-mc autopositioner shaft.
The gearing ratio is 1:1, so that one revolution of the
0.1-mc autopositioner shaft effects a complete tuning
cycle of the second i-f amplifier. Two cams mounted
on the tuning shaft of the second i-f amplifier turn
270 degrees to raise the tuning-core table from its
lowest to highest position to permeability tune the
primaries and secondaries of T501 and T502. The
remaining 90 degrees of cam travel allows the tuning
rack to drop to its lowest position, which represents
the highest tuning frequency. A rotary crystal-selector
switch having ten active positions in 270 degrees is
mounted on the end of the tuning shaft to select the
proper third oscillator crystal unit for the Receiver
frequency selected.

(4) FIRST I-F AMPLIFIER TUNING.—The
first i-f amplifier receives two mechanical inputs on
two parallel tuning shafts. The input from the 0.1-mc
autopositioner is geared 1:1 through an idler gear and
the input from the 1.0-mc autopositioner is geared
2:1 because the 1.0-mc autopositioner makes two
revolutions for one tuning cycle. I-f transformers
T401 and T402 are permeability-tuned by a differen-
tial tuning core table that combines the inputs from
the 1.0-mc and 0.1-mc autopositioners to provide 100
tuning steps. The cams mounted on the floating
1.0-mc tuning shaft position the tuning core table in
ten steps similar to the tuning of the second i-f ampli-
fier. The cams mounted on the 0.1-mc tuning shaft
displace this 1.0-mc tuning shaft in 10 steps to provide
a vernier adjustment of the tuning core table position.
The Oldham-type sliding coupler permits the floating
1.0-mc tuning shaft to be displaced.

The tuned circuits associated with the second oscil-
lator are permeability tuned in 10 steps by a tuning
core table positioned by means of two cams mounted
on the fixed-bearing 1.0-mc tuning shaft. The crystal-
selector switch of the second oscillator is operated
from the fixed-bearing 1.0-mc tuning shaft through an
idler gear.

(¢) MAIN OSCILLATOR TUNING.—The
main oscillator crystal-selector switch and coil-selec-
tor switch are driven from the 10-mc autopositioner
shaft through a 3:1 gear reduction. Since the 10-mc
autopositioner shaft makes six revolutions per tuning
cycle, these selector switches make two complete revo-
lutions per cycle. The first revolution provides 18
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Figure 4-27. Radio Transmitter T-217A/GR, Main
Oscillator, Simplified Schematic Diagram

rotor positions for the selection of the proper crystal
and coil for the selected Receiver frequency. The
second revolution occurs at the time the tuners of the
frequency multiplier-amplifier and r-f amplifier of the
frequency multiplier-amplifier are in the unused 180
degrees of their tuning cycle.

(/) FREQUENCY MULTIPLIER-AMPLIFIER
TUNING.—The tuning shaft of the frequency multi-
plier-amplifier is driven by the 10-mc autopositioner
shaft through two stages of gear reduction that pro-
vide a speed reduction of 6:1. Thus, the tuners make
1 revolution per tuning cycle. The first 180 degrees
of rotation provide the 18 operating positions of the
tuners. The second 180 degrees of rotation return
the tuners to the beginning point of their cycles. The
gears employed in the reduction drive are of the split
spring-loaded type to reduce possible inaccuracy
caused by backlash.

The tuners of the frequency multiplier are driven
by the tuning shaft through a system of spur gears
which, with the exception of the gears driving the
toroidal step tuner, are also of the split spring-loaded
type. '

(¢) R-F AMPLIFIER TUNING.—The r-f
amplifier tuning shaft is driven from the 10-mc auto-
positioner shaft through a gearing system that includes
a planetary-type differential in which the tuning infor-
mation provided by the 10-mc autopositioner shaft is
combined with tuning information provided by the
1-mc autopositioper shaft. This operation provides
180 operating positions of the r-f amplifier tuners.
The 1-mc input is accomplished by a rocker arm driv-
ing a pinion of the planetary gear system. This rocker
arm is actuated by a cam driven from the 1-mc auto-
positioner shaft. The cam has its periphery radius-
stepped, so that the rocker arm always rides on circle

ORIGINAL
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Figure 4-29. Radio Transmitter T-217A/GR,
R-F Tuner, Principal Elements

segments with increasing radii as the frequency in-
creases from the zero position through the nine
position.

The driving gears provide a 3:1 speed reduction
from the 10-mc autopositioner shaft and an additional
2:1 reduction is obtained in the differential mechanism.
Thus, the tuning shaft makes 1 revolution per tuning
cycle to provide 18 primary tuning positions each of
which is divided into 10 steps as determined by the
setting of the 1.0-mc autopositioner shaft operating
through the differential mechanism. Thus, 180 posi-
tions covering 180 degrees rotation are provided.
The tuning shaft is coupled back to the 10-mc auto-
positioner shaft through a system of loading gears
and a helical spring to provide spring-loading of the
entire gear train.

The r-f amplifier tuners are driven by the tuning
shaft through a system of spur-gears employing split
spring loaded gears.

4. RADIO TRANSMITTER T-217A/GR.

(1) GENERAL.—The functional block diagram
of Radio Transmitter T-217A/GR is shown in figure
4-5. Three of the ten sub-chassis contained in the
Transmitter are incorporated in the frequency generat-
ing system. These three sub-chassis make up the main
oscillator, the frequency multiplier-amplifier, and the
i-f oscillator. The outputs of the three crystal oscilla-
tors are selectively amplified, multiplied, and mixed to
provide the desired frequency for the exciter circuit.

(2) MAIN OSCILLATOR.—A simplified sche-
matic diagram of the main oscillator is shown in fig-
ure 4-27. This circuit, employing a Butler circuit,
includes V201, a bank of 18 type CR-32/U crystals
with a crystal switch all inside a temperature-controlled
crystal oven, a bank of 18 coils with an associated

switch, and other circuit elements. The oscillator con--
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sists of a grounded grid amplifier followed by a cathode
follower which in turn couples back into the grounded
grid stage through the crystal.

Imagine a random positive pulse appearing at the
cathode of grounded grid amplifier V201A. Since the
grid is grounded through a 22-ohm resistor, a rise in
cathode voltage causes a decrease in plate current and
therefore an increase in plate voltage. This positive
pulse is coupled to the grid of cathode follower
V201B. The cathode voltage follows the grid voltage
so that the positive pulse is coupled back to the cathode
of the grounded grid amplifier through the crystal.
The crystal presents a low impedance path only at
series resonance. Thus, oscillations are generated by
the stage and sustained in the zero-phase-shift feed-
back loop. The plate load of the grounded grid ampli-
fier is the tuned circuit C203 in parallel with one of
18 inductances selected by the 10-mc autopositioner
output. The frequency of oscillation can be adjusted
over a small range by adjusting the tuning of the plate
circuit. This circuit is normally adjusted so that the
frequency of oscillation is precisely as desired, thereby
eliminating any inaccuracy in the frequency of the
crystal unit. A 1.1-microhenry inductance (L201) is
used to resonate with the stray circuit capacities at
approximately 30 mc. The oscillator signal is fed to
V301 through a capacitor and a soldered connection
connecting the two units.

The crystal is maintained at a constant temperature
by the thermostatically controlled crystal oven. The
crystal oven operates on 115 volts ac and includes two
heater elements and two thermostats. One heater
element has a rating of approximately 70 watts and is
employed to bring the oven to operating temperature
rapidly when the equipment is first turned on. The
second heater element has a rating of approximately
30 watts and operates intermittently to maintain the
oven at the proper temperature (75 degrees C +5
degrees C).
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Figure 4-30. Radio Transmitter T-217A/GR,
R-F Tuner, Tuning Curves
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Figure 6-86. Radio Receiver R-278B/GR, R-F Amplifier Subassembly, Practical Wiring Diagram

P-10t

FIRST I-F AMPLIFIER

vV-40t PIN}

PICZED
VLT-D¥9/NV

V.86 SAIHSAVN

98-9
ainbig




86-9

TVYNISRIO

TO C-327 FREQ

0490 MULTIPLIER
————0490;@/—(__4'2 \\ AMPLIFIER
~—— - e
r ———
J-403 D490 |
Q caar] <Y |
N 3 6 J-402
8 - (S = c-40Z| |+
XV-402 C-409 I@‘ | RS |
/§iR-a07 | @5 | \Lraoim | 6o\
4 i 3 | 32 6] l
3 | Q| BN |
408 > L2 TFaoa_| xv-ao 3 1o
c-430 coato S T-401 L © L I
-a1
I R-406 é »
[R-409-3) oo L o |
DA92
G [—-——RA.oz-' | R-405 l
~ | £\ - L pag2
L LEYT p—e —
- i - -
©
.?—15”-1
a9z ~{—d é S &
«? O ow o O
S RA9
2 &
e RASOTS T 5 %5 %
P-401
KEY TO SWITCH:
OPEN CIRCLE INDICATES CONTACT ON SIDE
OF SWITCH NEAREST REAR OF RECEIVER.
BLACK DOTS INDICATE CONTACTS ON
p202 OPPOSITE SIDE OF SWITCH.
NOTES:
I.ALL UNMARKED WIRE IS NO.22 BUS (84)
2.SYMBOL 3~ INDICATES FLEXIBLE SLEEVE
INSULATION.

Figure 6-87. Radio Receiver R-278B/GR, First I-F Amplifier Subassembly, Practical Wiring Diagram

48-9
ainBiy

vLLT6 SAIHSAVN

dlvd3aA

VLT-DU9/NV



AN/GRC-27A Figure
REPAIR NAVSHIPS 92774 6-88

Y

-

RG-58/7U
P-502

XY~501
L-ﬂ 6 s

174 $+«H
Jsqd 04
{8 $20H

— /0 ¢ 1
_0 & 4 U
RA9—
RA9S
RA92 I
[——R49
N
NOTE : ) «% S—1F490
ALL UNMARKED WIRES ARE NUMBER 20 BUS. A o
SYMBOL - INDICATES FLEXIBLE SLEEVE P-sol O O7 0°0
INSULATION. Z ES,jV L RAG2
./
L RASY3

Figure 6-88. Radio Receiver R-278B/GR, Second I-F
Amplifier Subassembly, Practical Wiring Diagram

ORIGINAL ' 6-99, 6-100



AN/GRC-27A Figure
REPAIR NAVSHIPS 92774 6-89
™
]
NOTES: I
I. ALL UNMARKED WIRE IS NO.20 BUS (83). 3
o
2.5YMBOL - INDICATES FLEXIBLE SLEEVE INSULATION. b § 2
3.9 NO ALL-WHITE WIRE LISTED ON ASSEMBLY oAs96 —— T «%
DRAWING BILL OF MATERIALS. nas9z & <L
DA 93 o o ojo o
/3 5 7 9 113 s
0 @ @
b 1 } 1 2 4 6 8 10 12 14 16
Tt T 1 0o 0
¢ =) P79 99¢
0459 —3
a‘ge.j _I P-601
= DAS 93
© 4595
© DAS9!
© R-639 P o4923
Wl
303
)
: (;: (.J 2‘ 'S
Q? v o 5 b ¢
o R~837 34 5 v < < E —DAS9—
© > 7 RG 58 /44 S N ,
b YAV,
u / 8 By ~
1 R-641 9 é
XV-608 :: -
o9 5 ~ q E-638
< P ©
Q © [
~ = ' 9 -
o w 1
3 E-6I3 =
L pag0 — ©
& o E-624
Sa 9 DA9S
J-604 "a‘ g: é
o N b ] MR 04935
& b | ® el Jo] = RCOO
d) ¢ X [ 4 14 [ [¢)
= L - ~ L2
3 0490 o {— D49/
w0 = ©
@ © g : s 4 % 5
= N S
< 3 34 S ? R-613 2 7 94 S
b Q 2" S s o 8 R-628 v
76 9 xV-606
- Xv-604
3 R-618 XV-605 R-629
u T 5 1 E-615 £-63) R-62) €645 cx
~61
Cc-632
L [c-e32] DA93
— oAs/
D9 DA4Y2 = 2492
J-603 J-605 E-623
E-614 ©
° Cc-652 o hd
o S -~
- : 02
("] =
- c-825 Xv-801
P N B/, c-627 . P NI gy
i W | Q7 i N\ ./ [}
L' R-608 o6\ 7o | O |
a : |
: t + o, 320 . Al
O Q
< 3 21 ! ® @ O |
3 (g R-607 m |
¢ : O : e | T-80! 1
. T-604 ] B DASO ol © R-602 ]
D49/ ! 3 I ] o) I O+ 1
1 o 5 : 3 l g
- - c-620 S =
e ~ B 1 = L E-621 c-624 - _J
Ly RG 58/U (R-650] DA93
C-650 e - o E-628
{rR-654 DA93 DA93

ORIGINAL

Figure 6—89. Radio Receiver R-278B/GR, Third I-F
Amplifier Subassembly, Practical Wiring Diagram
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