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UNCLASSIFIED 24 August 1953

TEMPORARY CORRECTION T-2 TO INSTRUCTION BOOK FOR
RADIO RECEIVING SET AN/FRR-28 (NAVSHIPS 91582)

In Table 8-4, "Combined Parts and Meaintenance Parts List", make the
following pen and ink corrections and then insert the temporary correction
in front of the title page:

SYMBOL ADD OR

DESIG. ITEM CORRECT TO: REMARKS

C2-137  JAN No. CP28A1EC254M

-6 SNSN N16-C-60036-1604
C9-23 SNSN - The SNSN listed is for a capacitor
without rounded plates - clarification
pending.

E2-1 SNSN N17-B-7753%6-1126

E2-2 SNSN N17-B-7763%9-2210

E2-61 SNSN N16-S-34520-3862

E3-6 SNSN N17-B-77692-606%

E3-43 - - In description, change "8-32 set screws
f>l 90%° apart" to read "8-32 set screws
M 60Capart".

E3-45 SNSN No SNSN received to date.

E5-1 - In description, change "7 in. lg." to

read "6 in. 1lg."
F2-1 - - Correct letter prefix to read
Gl7-F-16302-120,

Fo-1 - - Correct letter prefix to read
Gl7-F-16302-100,

Fl2-1 - - Change Mfg's part no. to read
GE: #PY-15.

H2-7 SNSN - Correct SNSN to read G41-W-2449,

I2-1 _ _ TJorrect letter prefix to read
G17-L-6297.

I2-7 SNSN N16-D-46350-9258

J3-4 SNSN N17-C-T73107-7652

12-53 SNSN N16-C-74269-5501

L3-7 - - Change NRCO dwg. no. in Column 7 to

read A-110479.

02-6 - - In Column 6, add #31004-1 to HMM

part no.

02-7 SNSN N17-S-46770-3416

02-12 - - In description, change "approx 46%

turns" to read "approx 463 turns'.

02-19 SNSN N17-S-46770-1901

P2-9 SNSN N17-C-71407-6585

R3-25 SNSN N16-R-91569-8072

R10-20 SNSN N16-R-50839-431

R10-24  SNSN N16-R-91031-4410

S2-1AA SNSN N17-C-81977-6601

§2.12 SNSN N17-S-6068%-250%
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SYMBOL ADD OR

DESIG. ITEM CORRECT TO: REMARKS

S10-5 - - In description, change "2 poles, 6
throws" to read "2 poles, 5 throws',

T2-6 - - In description, change "2 inductance
units” to read "3 inductance units.”

Vo-1 SNSN N16-T7-56665

V9-2 SNSN N16-T-56611

V10-4 SNSN N16-T-56682

V10-6 SNSN N16-T-56677

wl2-1 - - In description, change "36 conductors
4 in., 1g." to read "36 conductors
2 in. lg." Change "3 conductors
1-3/4 in. 1lg." to read "8 conductors
1-3/4 in. 1g." Change "8 conductors
18-1/2 in. 1lg." to read "4 conductors
18-1/2 in. 1g."

W1l2-10 SNaN N16-C-11634-1272

XF3-1 SNSN N17-F-T4267-5401

244
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9 September 1952
Temporary Correction T-1
to Instruction Book for

Radio Receiving Set AN/FRR-28

NAVSHIPS '91582

NOTE

The changes noted in this Temporary Cor-
rection Sheet pertsin to the following
equipment Serial Numbers only:
For Radio Receiver R—450/FRR-28:
Serial No. 297 and up.
For Radio Receiving Set AN/FRR-28:
Serial No. 141 and up.

1. Make the following changes in Section 2:
Page 2-7:
In the last paragraph of the first column, delete "and coupling
capacitor C45".
Page 2-9:
In the second column, the second paragraph from the bottom of
the page should be changed to read: #The 455-kilocycle signal
from the secondary of L32 in the tuned plate circuit of the
first mixer stage, V5, is applied across resistors R32 and R33.
The signal across resistor R32 is then applied to the control
grid of the gate amplifier tube, V7. Cathode bias for the
stage is supplied by the cathode resistor, R13l. Screen volt-
age, which....".
Page 2-11:
Chenge the sentence beginning on the sixth line of paragraph
3¢(9) to read: "The signal from the tuned grid circuit is
developed across resistor RL32 and applied to the control grid
of the driver tube, V11, through parasitic suppressor re-
sistor R5§.%
Change the second sentence in paragraph 3c(10) to read: "Bias
is provided by the divider network consisting of resistors R78,
R79, and R133".
Page 2-12:
Delete the following sentence from paragraph 3c(14): VIf an
external phone signal is fed to terminal El, it is fed through
potentiometer R84 to the grid of tube V16B."

Contract NObsr-57519 T-1 page 1
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Page 2-22: .
Change the first sentence in the fourth paragraph of para-
graph 6¢(1)(a) to reud: "When a keying signal is applied
through grid limiting resistor R60 to the control grid of
tube V6, plate current flows....".

Page 2-23:

Starting on the sixth line from the top of the first columm,
change the text to read: "....R45 to the plate of tube V6B.
A small positive bias voltage i's applied to the control grid
of V6A from the voltage divider network consisting of R58 and
R59. Resistor R48 limits the grid current. The cathode of
V6A is connected directly to ground....".

Change the first sentence of the first paragraph in the
second column to read: "When a negative keying signal is
applied through resistor R60 to the control grid of tube
V6A, the tube stops conducting.®

Page 2-24:

Change the first sentence of the second paragraph of para-
graph 6¢(1)(d) to read: "When a mark signal is applied to
Keyer KY-79/UR, resistor R60 is shorted by switch S2 and the
grid of tube V5 is grounded....",

2. Make the following changes in Section 3:
Page 3-25:
In figure 3-15, delete the phono jack and relay jack on the
rear panel of Receiver #l and Receiver #2.
3. Make the following changes in Section 5:
Page 5-2:
Mske the following changes to Table 5-2: The location of fuse
F2-2 to "Left rear of receiver®", and the ampere rating for
F2-2 to n3/8n,
4+ In accordance with the above changes, the following illustra-
tions have had the indicated corrections made. The corrected
illustrations are shown at the end of this Temporary Correction:
Figure No. Deleted Added Value Changed
2-11 C138, Cc140
2-25 R60
2-26 R4S R58, R59, REO
3-5 Phono and F2
4-2 relay jacks Spare fuse holder
7-2 deleted. for F1 and F2.
Spare fuse
deleted.
-1 page 2 Contract NObsr-57519
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4. (Cont'd) )
Figure No. Deleted Added Value Changed
7~4} F2, C100, R34, ©185, Cl186,
7-5 R102, J4 c187, R130,
R131, R132, R133
7-6 CA5
7-20 R58, ‘'R59, RO
7-26 Voltage and re-
sistance values
for V7 (pins 1
and 7), V9 (pin
7), V10 (pin 7),
V16 (pin 8).
7-30 C45, Cl00, €185, (186, c138, c139,
R34, R102, c187, R130, €140, Cl45, RES5,
El, J4 R131, R132, R69, R103, R104,
R133 F2
7-31 R105 through R110
7-34 R58, R59, R6E0
7-37 C10G, R34, c185, c186,
R102, El, J4 c187, R130,
R131, R132,
R133
7-38 C45

7-39 (New illustration)

5. Make the following changes in Section 8:

NOTE

For simplicity the columns in Table 8-4 will
hereafter be referred to by number, reading

left to right across the table.
column headed "SYMBOL DESIG." will be (1)

Thus the

"NAME OF PART AND DESCRIPTION", (2) "FUNCTION",

(3) ®"JAN AND (NAVY TYPE) NO.", (4) etc.

Page 8-4:

Item C2-3, columm (8),‘delete C2-100; in (9) change quantity from

34 to 33.
Page 8-5:

Item C2-12, column (8), delete C2-138 and C2-145; in (9) change
quantity from 3 to 1.

Item C2-15, column '(8), delete C2-139 and add C2-145.

Page 8-10:

Item C2-92, colum (8), add C2-138 and C2-139; in (9) change
quantity from 1 to 3.

Contract NObsr-57519
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Page 8-11:
Item C2-100, all columns, delete information.

Item C2-102, column (8), add C2-185; in (9) change quantity
from 11 to 12.

Page 8-13:
Items C2-138 and C2-139, column (2), change to read: "Same
as C2-92".

Item C2-140, colum (2), delete description and replace with
"CAPACITOR, FIXED, MICA DIELECTRIC: case style No. 22, MBCA
Ref Dwg Group 1l; 430 mmf +2% tolerance; 500v DC working;
molded low-loss bekelite case; case dim., 51/64 in. lg,
15/32 in. wide, 7/32 in. thick; 2 terminals, wire lead type,
located one ea end; terminal mounted; resistant to humidity;
for generzl purpose use."; in (4) change JAN type No. from
CM35A102K to CM20C431G; in (5) change from N16-C-31090-4203
to N16-C-29998-6271; in (6) delete"AEV type No. 1467"; in
(8) add C2-187; in (9) change quantity from 1 to 2.

Page 8-14:
Item C2-145, column (2), change from "Same as C2-12" to
"Same as C2-15".

Page 8-18:
After symbol C2-184, add C2-185 in coluwmm (1); in (2) add

"Same as C2-102"; in (3) add "Cathode By-pass V2-14B".

After symbol C2-185 add C2-186 in column (1); in (2) add
WCAPACITOR, FIXED, PAPER DIELECTRIC: 1 section; case style
No. 18, MBCA Ref Dwg Group 1l; 250,000 mmf +10% tolerance;
600v DC working; hermetically sealed metal case; case dim.,
2 in. 1g, 1 in, dia; 1 axial wire lead type terminal, lo-
cated on end; mineral oil impregnated; mineral oil filled;
with internal ground connection; single hole mtg clamp;
moisture and fungus proof; for general purpose use."; in
(3) add "V2-1 plate and screen filter"; in (4) add "Spec
No. JAN-C-25, JAN Type No. CPR27AREFR5/K%"; in (8) add
C2-186; in (9) add quantity 1.

After symbol C2-186 add €2-187 in column (1); in (2) add
"Same as Cl40"; in (3) add "P/o AVC time constant circuitn.

Page 8-31:

Item E2-1, all columns, delete information.

Page 8-45:
Item F2-2, column (2), delete description and replace with:

"FUSE, CARTRIDGE: 3/8 amp, 250v; instantaneous; ferrule
type, dim., 1/4 in. 1lg, 1/4 in. dia; glass covering; indi-
cating clear window opaques; over-all dim., 1-1/4 in. lg,

page 4 Contract NObsr-57519
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Page 8-45 (Con'd)

1/4 in. dia; for general purpose use.™ in (5) delete
N17-F-16302-355; in (6) change from "BUS Type No, GJV-1/4"
to "BUS Type No. AGC3/8"; in (8) add F2-4; in (9) change
quantity from 1 to 2.

After F2-3, add FR-4 in column (1); in (2) add "Same as F2-2";
in (3) add "Spare for F2-2W,

Page 8-50:
Ttem J2-4, column (1), change symbol from J2-4 to J2-5; in

(3) delete function and replace with "'AC! outlet receptacle®;
in (8) delete J2-4 and replace with J2-5; in (9) change quan-
tity from 2 to 1.

Item J2-5, all columns, delete information.

Page 8-57:

Item L2-47, column 2, change from ",...electrical data, coil
eese™ to ",...electrical data, 3.0 mh, coil...."; in (5) de-
lete NL6-C-72680-2749; in (6) change from "ARTD Part No.
15616" to "HVM Part No. 15616Gl".

Page 8-73:
Ttem R2-4, column (8), delete R2-102; in (9) change quentity
from 11 to 10.

Item R2-5 column (8), delete R2-103 through R2-110; in (9)
change quantity from 11 to 3.

Page 8-75:
Item R-2-22, column 8, delete R2-65; in (9) change quantity
from 6 to 5.

Page 8-76:
Item R2-38, all colums, delete information.

Item R2-34, column (1), change symbol from R2-34 to R2-38; in
(3), delete*function and replace with "V2-8A plate voltage
dropper"; in (8) delete R2-34 and add R2-130 and R10-60; in
(9) change quantity from 28 to 29; shift the information con-
tained in columns (1), (2), (3), (4), (5), (6), (8) and (9)
so that item R2-38 follows item R2-37.

Page 8-77:
Items R2-43 and R2-51, column (2), change from "Same as RR2-34"

to "Same as R2-38n,

Page 8-78:
Item R2-56, colum (2) change from "Same as R2-39"to "Same as
R2“38" .

Contract NObsr-57519 T-1 page 5
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Page 8-78 (Cont'd)
Items R2-62, R2-67, and R2-68, column (2), ¢hange from "Same
as R2-34" to "Same as R2-38n,

Item R2-63, column (8), add symbols R2-103 through R2-110;
in (9) change quantity from 1 to 9.

Ttem R2-65, column (2), delete "Same as R2-22" and replace
with "RESISTOR, FIXED, COMPOSITION: body style No. 14, MBCA
Ref Dwg Group 2; 22,000 ohm total resistance, +5% tolerance;
1/2 W power dissipation; F characteristic; body dim. exclud-
ing terminals, 3/8 in. lg, 9/64 in. dia; insulated, resistant
to humidity and salt water immersion; 2 terminals, axial lead
type; for general purpose use."; in (4) add "Spec No. JAN-R-11,
JAN Type No. RC20BF223J"; in (5) add N16-R-50371-431; in (6)
add "AB Part No. EB2235; in (8) add R2-65 and R2-96; in (9)
add the quantity 2.

Page 8-0:
Item R2-69, column (2), change from "....l section, 1,000

ohms...." to "....l section, 3,500 ohms"; in (4) change from
nJAN Type No. RAR0A1ISA10Z2AK"™ to "JAN Type No. RA20A1SA352AK";
in (5) and (6) delete all information; in (8) delete R2-74;
in (9) change quantity from 2 to 1.

Item R2-7,, column (2), delete "Same as R2-69" and replace
with the full description of R2-69 before the changes have
been carried out - that is with the description of the JAN
Type No. RAR0OALSA102AK resistor with a resistance value of
1,000 ohmg; in (4) add "Spec No. JAN-R-19, JAN Type No.
RAROALSAIO2AK"; in (5) add N16-R-9075/-3621; in (6) add CN;
in (8) add RR-74; in (9) add the quantity 1.

Item R2-75, column (2), change to "Same as R2-38",

Page 8-80:
Item R2-81, column (2), change from "Same as R2-34" to "Same

as R2-38n,

Page 8-82:
Item R2-100, column (2), change from "Same as R2-34" to "Same

aS R2—38" -
Item R2-102, all columns, delete information.

Item R2-103, column (2), change from "Same as R2-5" to "Same
as R2-63",

Item R2-96, column (2), delete description and replace with
¥Same as R2-65"; in (4), (5), (6), (8), and (9) delete in-
formation.

Page 8-83:
Items R2-104 through RR-110, column (2), change from "Same as
R2-5" to "Same as R2-63".

page 6 Contract NQbsr-57519
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Page 8-85:
Item R2-124, column (2), change from "Same as R2-39" to "Same
a.S R2_38" .

Page 8-86:
After R2-129 add R2-130 in column (1); in (2) add "Same as

R2-38%"; in (3) add "P/o AVC time constant circuit".

After R2-130 add R2-131 in column (1); in (2) add "RESISTOR,
FIXED, COMPOSITION: body style no. 14, MBCA Ref Dwg Group 2;
390 ohm total resistance, #10% tolerance; 1/2 W power dissi-
pation; F characteristic; body dim. excluding terminals, 0.249
in, dia max, 15/32 in. lg max; insulated, resistant to humidity
and selt water immersion; 2 terminals, wire lead type; for gen-
eral purpose use."; in (3) add "V2-7 cathode resistor®; in (4)
add "Spec No. JAN-R-11, JAN Type No. RC20BF391J"; in (5) add
NN16-R-49732-431"; in (6) add "AB Part No. EB3911"; in (8) add
R2-131; in (9) add quantity 1.

After R2-131, add RR-132 in (1); in (2) add "RESISTOR, FIXED,
COMPOSITION: body style No. 14, MBCA Ref Dwg Group 2; 330,000
ohm total resistance, 310% tolerance; 1/2 W power dissipation;
F characteristic; body dim. excluding terminals, 0.249 in. dia
max, 15/32 in. lg max; insulated, resistant to humidity and
salt water immersion; 2 terminals, wire lead type; for general
purpose use."; in (3) add "V2-11 grid resistor®; in (4) add
"Spec No. JAN-R-11, JAN Type No. RC20BF334J"; in (5) add
"N16-R-50758-431"; in (6) add "AB Part No. EB3341"; in (8) add
R2-132; in (9) add quantity 1.

After R2-132, add R2-133 in (1); in (2) add "RESISTOR, FIXED,
COMPOSITION: body style No. 14, MBCA Ref Dwg Group 2; 100 ohm
total resistance, £10% tolerance; 1/2 W power dissipation; F
characteristic; body dim. excluding terminals, 0.249 in. dia
max, 15/32 in. 1g max; insulated, resistant to humidity and
salt water immersion; 2 terminals, wire lead type; for general
purpose use".; in (3) add "Cathode resistor, tube V16A"; in
(4) add "Spec No. JAN-R-11, JAN Type No. RC20BFLO1K"; in (5)
add N16-R-49580-811; in (6) add "AB Part No. EB10ll", in (8)
add R2-133 and R3-7; in (9) add quantity 2.

Page 8-87:
Item R3-7, columns (2), (4), (5), (6), (8), and (9), delete
information; in (2) add "Same as R2-133".

Item R3-15, column (2), change from "Same as R2-34" to "Same
as R2-38%,

Page 8-88:
Items R3-16 and R3-22, column (2), change from "Same as R2-34"

to "Same as R2-38n,

Page 8-89:
Item R3-27, colum (2), change from "Same as R2-34" to "Same
aS R2—38 n .
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Page 8-90:
Item R3-35, column (2), change from "Same as R2-34" to "Same
as R2-38".

Page 8-91:
Items R3-45, R3-46, and R3-48, column (2), change from "Same

as R2-34" to "Same as R2-38n,

Page 8-92:
Item R3-52, column (2) change from "Same as R2-34" to "Same
as R2-38",

Page 8-93:
Item R9-4, column (2), change from "Same as R2-34" to "Same
8.S R2—38" L)

Page 8-95:
Item R9-19, column (2), change from "Same as R2-34" to "Same
aS R2"38" -

Page 8-100:
Items R10-32, R10-34, and R10-35, column (2), change from
"Same as R2-34" to "Same as R2-38",

Page 8-101:
Item R10-40, column (2), change from "Same R2-34" to "Same

as R2-38n,

Page 8-102:

After R10-57 add R10-58 in column (1); in (2) add "RESISTOR,
FIXED, COMPOSITION: body style No. 14, MBCA Ref Dwg Group 2;
270,000 ohm total resistance, +10% tolerance; 1/2 W power
dissipation; F characteristic; body dim. excluding terminals,
0.249 in. dia max, 15/32 in. lg max; insulated, resistant to
humidity and salt water immersion; 2 terminals, wire lead
type; for general purpose use."; in (3) add "Keyer amplifier
grid resistor"; in (4) add "Spec No. JAN-R-11, JAN Type No.
RCR0OBF274K"; in (5) add "N16-R-50741-811"; in (6) add "AB
Part No. EB2741" in (8) add R10-58; in (9) add quantity 1.

After R10-58, add R10-59 in (1); in (2) add "RESISTOR, FIXED,
COMPOSITION: body style No. 14, MBCA Ref Dwg Group 2; 10
megohm total resistance, +10% tolerance; 1/2 W power dis-
sipation; F characteristic; body dim. exduding terminals,
0.249 in. dia. max, 15/32 in. lg max; insulated, resistant
to humidity and salt water immersion; 2 terminals, wire
lead type; for general purpose use."; in (3) add "Negative
DC keying grid bleeder"; in (4) add "Spec No. JAN-R-11,
JAN Type No. RC20BF1l06K"; in (5) add "N16-R-51326-811%;
in (6) add "AB Part No. EBl0O61"; in (8) add R10-59; in (9)
add quantity 1.

page 8 Contract NObsr-57519
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Page 8-102 (Cont'd)
After R10-59 add R10-60 in (1); in (2) add "Same as R2-38"%.

Page 8-139:
Delete symbol R2-34 and quantity 2. Add symbol R2-38 and
guantity 2.

Delete symbol R2-96 and quantity 1. Add symbol R2-65 and
guantity 1.

Page 8-140:
Delete CM34A102K and symbol C2-140.

After CM20C330J add CM20C431J end symbol C2-140.

After CM35C103J add CP27AREF254K and C2-186.

After RA20A1SA1028K add RAR0ALSA352AK and R2-69.

After RC20BF105K add RC20BF106K and R10-59.

After RC20BF273K add RC20BF274K and R10-58.

After RCR0BF333K add RCR0BF334J and R2-132.

After RC20BF335K add RC20BF391J and R2-131.

For RA20A1SA102AK change symbol fromR269 to R2-74.
For RC20BFLO01K change symbol from R3-7 to R2-133.

For RC20BF104K change symbol from R2-34 to R2-38.

For RC20BF223J change symbol from R2-96 to R2-65.

Page 8-141:

Delete N16-C-31090-4203 and C2-140. Delete N16-C-72680-2749
and L2-47.

After N16-C-29941-1543 add N16-C-29998-6271 andC2-140.
After N16-R-49723-751 add N16-R-49732-431 and R2-131.

Page 8-142:
Delete N17-B-77639-2210 and E2-2.

After N16-R-50722-431 add N16-R-50741-811 and R10-58.
After N16-R-50741-811 add N16-R-50758-431 and R2-132.
After N16-R-51110-811 add N16-R-51326-811 and R10-59.

Contract NObsr-57519 T-1 page 9
(of 30 pages)




Page 8-142 (Cont'd)
For N16-R-49580-811 change symbol from R3-7 to R2-133.

For N16-R-50371-431 change symbol from R2-96 to R2-65.
For N16-R-50633-811 change symbol from R2-3/ to R2-38.
For N17-B-77536-1126 change symbol from E2-1 to E2-2.

Page 8-143:
Delete N17-F-16302-355 and F2-2.

For N17-C-73138-3593 change symbol from J2-4 to J2-5.

T-1 page 10 Contract NObsr-57519
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Figure 2-11. Radio Receiver R-450/FRR-28, AVC Circuit, Simplified Schematic
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Figure 2-25. Keyer KY-79/UR, Positive Polar Keying, Simplified Schematic
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Figure 2-26. Keyer KY-79/UR, Negative Polar Keying, Simplified Schematic
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Figure 3-5. Receiver R-450/FRR-28, Rear View, Pre-Operation Adjustments
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Figure 7-4. Receiver R-450/FRR-28, Bottom View, Location of Resistors
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Figure 7-5. Receiver R-450/FRR-28, Bottom View, Location of Components
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Figure 7-6. Receiver R-450/FRR-28, RF Strip, Right Side
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Figure 7-20. Keyer KY-79/UR, Top View
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20,000 OHM/VOLT METER.

FRONT
CONTROL SETTINGS % BANDCHANGE SWITCH SET ASOVE 7.4 MEGACYCLES +4 WHEN AVC SWITCH IS SET TO EXT BFO,

CONTROL SETTING % & BANDCHANGE SWITCH SET BELOW 7.4 MEGACYCLES :gEngg?'NGS FOR TURE VI3 ARE AS
RF GAIN MAX + WHEN HFQ SWITCH IS SET TOINT, THE READINGS ’
BFo INT FOR TUBE V4 ARE AS FOLLOWS'
35 MC 0SC 1OR 3 PIN | v R v | v R
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SEND-RECEIVE | RECEIVE 6 -5 47K 6 -42 140K
AVC-MAN AvVC 7 o} ! (¢} 7 o o]

Figure 7-26. Receiver R-450/FRR-28, Voltage and Resistance Chart
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Figure 7-30. Radio Receiver R-450/FRR-28, Main Chassis Schematic Diagram
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Radio Receiver R—ASO/FRR—28, Turret Schematic Diagram
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FRONT MATTER NAVSHIPS 91582 Guarantee and Installation Record
AN/FRR-28

GUARANTEE

The equipment, including all parts and spare parts, except vacuum tubes, batteries, rubber, and material nor-
mally consumed in operation, is guaranteed for a period of one year from the date of delivery of the equip-
ment t0 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 with-
in 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 design
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 (109%) 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 pes-
cent (1009%) correction or replacement by a suitably re-designed 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
effecting 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 52132 or 57519 Date of Contract, 19 December, 1950
Serial Number of equipment. . ... . ... .. .. .. . . . ... ...
Date of acceptance by the Navy. .. .. ... .. .. . . . . . . .. . .
Date of delivery to contract destination. .. ... .. ... ... ... ... . ... ... o
Date of completion of installation. .. ... .. .. .. . . L i

Date placed in service. .. ... .. ... .. .. ...

Blank spaces on this page shall be filled in at time of installation. Operating personnel shall also mark the
“Date placed in service” on the date of acceptance plate located below the model nameplate on the equipment,
using suitable methods and care to avoid damaging the equipment.
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Miscellaneous Data NAVSHIPS 91582 FRONT MATTER
AN/FRR-28

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) except for Marine Corps
equipment, in which case the “Signal Equipment Failure Report” form shall be used and distributed in accord-
ance with instructions pertaining thereto. The report shall cover all details of the failure and give the date of in-
stallation 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. Federal 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.
Name of part and complete description.

Manufacturer’s designation.

Contractor’s drawing and part number.

JAN or Navy type number.

TR

DESTRUCTION OF
ABANDONED MATERIAL IN THE COMBAT ZONE

In case it should become necessary to prevent the capture of this equipment, and when ordered to do so, DE-
STROY IT SO THAT NO PART OF IT CAN BE SALVAGED, RECOGNIZED, OR USED BY THE ENEMY.
BURN ALL PAPERS AND BOOKS.

Means:
1. Explosives, when provided.
2. Hammers, axes, sledges, machetes, or whatever heavy object is readily available.
3. Burning by means of incendiaries such as gasoline, oil, paper, or wood.
4. Grenades and shots from available firearms.
5. Burying all debris, where possible and when time permits.
6. Throwing overboard or disposing of in streams or other bodies of water.

Procedure:

Obliterate all identifying marks. Destroy nameplates and circuit labels.

Demolish all panels, castings, switch and instrument boards.

Destroy all controls, switches, relays, connections, and meters.

Rip out all wiring and cut interconnections of electrical equipment. Smash gas, oil, and water cooling sys-
tems in gas engine generators, etc.

Smash every electrical or mechanical part, whether rotating, moving, or fixed.

Break up all operating instruments such as keys, phones, microphones, etc.

Destroy all classes of carrying cases, straps, containers, etc.

Bury or scatter all debris.

BN

PNAW

DESTROY EVERYTHING!

L]
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FRONT MATTER NAVSHIPS 91582 Safety Notice and Resuscitation
AN/FRR-28

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 dangerous and may be fatal if contacted by operating personnel.
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 adjustments
inside equipment with high-voltage supply on. Under certain conditions dangerous potentials may exist in cir-
cuits with power controls in the off position due to charges retained by capacitors. To avoid casualties always re-
move 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 servicing 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 maintenance personnel, nor should re-
liance 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.

ORIGINAL Vii




1 Section NAVSHIPS 91582
AN/FRR-28

RELAY RACK CABINET —s
CY-597A/6
UNIT 12

KEYER
KY-79/UR
UNIT 10

GENERAL
DESCRIPTION

LOUDSPEAKER
LS-187/UR
UNIT |

RADIO REGEIVER #i
R-450/FRR-28
UNIT 2

RADIO FREQUENGCY
OSGILLATOR
0-i65/UR
UNIT 3

RADIO REGEIVER #2
R~-450/FRR-28
UNIT 2

COMMUNIGATION
PATCHING PANEL
$B-224/UR
UNIT &

AMPLIFIER
DETECTOR
AM~8I5/UR

UNIT 9

Figure 1-1. Radio Receiving Set AN/FRR-28 in Relay Rack Cabinet CY-597A/G
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SECTION 1
GENERAL DESCRIPTION

1. INTRODUCTION.
(See figure 1-1.)

This instruction book includes information necessary
for the installation, operation, and maintenance of the
Radio Receiving Set AN/FRR-28. The units and parts
that are supplied, and those that are not supplied but
are used in conjunction with the receiving set, are
listed in tables 1-1 and 1-2, respectively.

2. PURPOSE OF THE EQUIPMENT.

Radio Receiving Set AN/FRR~-28 is a multi-purpose
receiving equipment. It is specifically designed for dual
“space diversity” reception of high speed radio tele-
printer, telegraph, or telephone signals, but may be
used for two single receivers or for dual “frequency
diversity” reception of these signals. The receiving set
is capable of receiving AM radiophone signals, ampli-
tude modulated CW signals, or unmodulated CW
signals, and when the receiving set is used in conjunc-
tion with a frequency-shift converter-comparator
group, it is possible to receive “frequency-shift”
signals.

The receiving set may be operated for local use of
the received signal in conjunction with other equip-
ment, such as a teleprinter, or for remote service, such
as part of a relay link.

Diversity reception, either space or frequency, is
used to overcome one of the causes of fading signals.
When the ionosphere changes its position, it is possi-
ble for two signals arriving over different paths to
effectively cancel each other at the receiving antenna.

It has been experimentally shown that signals re-
ceived at antennas spaced five to ten wavelengths apart
will fade independently. This fact is used in space
diversity reception where the antennas for the two
receivers are so spaced.

In frequency diversity reception, use is made of the
fact that signals of different frequencies will fade
independently. Each receiver is tuned to one of the
two transmitted carrier frequencies which carry the
same intelligence.

A frequency-shift signal is one whose normal fre-
quency is shifted to another frequency for a period
of time corresponding to the mark or space position

ORIGINAL

of the transmitted signal.

3. DESCRIPTION OF UNITS.
(See figure 1-1.)

All units which are part of Radio Receiving Set
AN/FRR-28 are mounted in Relay Rack Cabinet CY—
597A/G by means of front panel screws. Provision is
also made for mounting a converter-comparator group,
such as Frequency Shift Converter-Comparator Group
AN/URA-G, within the rack. Other converters with
suitable characteristics may be used. Any frequency-
shift converter group is provided as a separate allow-
ance item. The unit functions are as follows:

a. RADIO RECEIVERS R—450/FRR~28. (See figure
1-2.)—Two receivers are provided for diversity signal
reception. Each receiver selects and amplifies the sig-
nals received at the antenna. Means are provided to
use external HFO and BFO signals which are supplied
by Oscillator O-165/UR. Three signal outputs are
available from each receiver:

(1) The 455-kc signal is used in Amplifier-
Detector AM—-615/UR and may also be used if a con-
verter-comparator group is provided.

(2) The d-c output from the second detector is
used in Keyer KY-79/UR.

(3) The audio output is applied to Communica-
tion Patching Panel SB-224/UR for distribution to
the external lines and loudspeaker. Headphones may
also be used to monitor the output signal by plugging
them into the PHONES jack on the receiver front
panel.

b. RADIO FREQUENCY OSCILLATOR O-165/
UR. (See figure 1-3.)—RF Oscillator O~165/UR may
be used to provide HFO and BFO signals to replace
the high frequency and beat frequency oscillators of
each receiver. The HFO signal is either variable, with
temperature-controlled high stability, or crystal con-
trolled; the BFO signal is crystal-controlled. Use of
Oscillator O-165/UR is particularly desirable when
conditions warrant the use of crystal filters in the
receivers, or when frequency-shift signals are received.
Reception over the greater portion of the communica-
tion band is possible when the variable high-frequency
HFO is used.

1-1
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Figure 1-3. Radio Frequency Oscillator O-165/UR
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Figure 1-4. Amplifier-Detector AM-615/UR

¢. AMPLIFIER-DETECTOR AM-615/UR. (See fig-
wure 1-4.)—This unit is used to sample the IF fre-
quency of each individual receiver in diversity recep-
tion. It is also useful in tuning each receiver accurately
to CW signals in diversity reception when no receiver
BFO is used. It consists of an RF amplifier stage and
a local BFO oscillator stage producing an audio beat-
note with the sampled IF frequency. This audio
beatnote is amplified and applied to the OUTPUT
MONITOR jack J1, where headphones are used for
monitoring purposes. The INPUT SELECTOR switch
on the front panel is provided to select the IF fre-
quency of either of the two diversity receivers.

d. KEYER KY-79/UR. (See figure 1-5.)—This
unit provides audio signals at certain preselected fre-
quencies for external equipments, such as the teletype-
writer, which are operated at these frequencies. These
audio tones are keyed on and off in accordance with
input intelligence signals such as positive or negative
d-c signals, keyed tone input signals, or polar relay
signals. ‘The amplitude-modulated tones are then sent

to Communication Patching Panel SB-224/UR for
distribution to the external lines and the loudspeaker.
Headphones may also be used to monitor the keyed
tone by plugging them into the OUTPUT MONITOR
jack on the Keyer KY-79/UR front panel.

e. LOUDSPEAKER LS-187/UR. (See figure 1-6.)
—This unit provides the means for listening to the
signals being received, and is also used tc monitor
various audio tones produced in the units as described
in the previous paragraphs.

f. COMMUNICATION PATCHING PANEL SB-
224/UR. (See figure 1-7.)—This unit is used, in con-
junction with patch cords, to make the various inter-
connections between units required for the different
types of operation of the Radio Receiving Set AN/
FRR-28.

4. CABLING.
(See figure 1-8.)

Information regarding the cables used in Radio Re-
ceiving Set AN/FRR-28 is listed in Table 1-1.

Figure 1-5. Keyer KY-79/UR
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Figure 1-7. Communication Paiching Panel $B-224/UR
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DESCRIPTION AN/FRR-28

wiz2-2
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wiz2-14

Figure 1-8. Cables for AN/FRR-28 Equipment

TABLE 1-1. CABLES USED IN RADIO RECEIVING SET AN/FRR-28

CABLE "E';‘:T" CABLE “m""
NUMBER | j\cpes PURPOSE NUMBER | \chee PURPOSE
W3-11 | 72 Power cable for RF Oscillator W12-4 |38 Connects receiver #2 IF output to
0-165/UR the Amplifier-Detector AM-615/
W5-1 |25  [Patchcord UR
W5-2 25 Patch cord W1i2-5 |12 Connects Oscillator O-165/UR
BFO output to receiver 1
W53 |25 |Patchcord wi2-6 |15 |C Oscillator O-165/UR
t
W5-4 25 Patch cord gy > oectTator

BFO output to receiver #2

W12-7 (15 Connects Oscillator O-165/UR
HFO output to receiver 1

W5-5 25 Patch cord
Ws5-6 25 Patch cord

Wo-12 | 24 Power cable for Amplifier-Detector W12-8 |20 Connects Oscillator O-165/UR
AM-615/UR HFO output to receiver #2
W10-13 | 24 Power cable for Keyer KY-79/UR W12-9 |54 Connects receiver #1 IF output to
W12-1 | —  |Main relay rack cable FS converter #1
wWi12-2 | 27 Links the two receiver 3.5 Mc W12-10 | 44 Connects receiver #2 IF output to
oscillators FS converter 2
W12-3 | 57  |Connects receiver #1 IF output to W12-14 172 |Utlity servicing cable
the Amplifier-Detector AM~615/ W12-15 | 36 Converter-comparator group
UR power cable
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1 Section NAVSHIPS 91582 GENERAL

Paragraph 5 AN/FRR-28 DESCRIPTION
5. REFERENCE DATA. Output power: 2.5 watts maximum into 600 ohm
'~ a. Equipment Designation: load. 15 milliwatts into 8000 ohm resistive load when
Radio Receiving Set AN/FRR-28. 600 ohm load is adjusted to 500 milliwatts.
b. Contract number and date: o. Type of reception:
NObsr—-52132 dated December 19, 1950. A-1, A-2, A-3, and FSK (when suitable con-
NObsr-57519 dated June 30, 1952. verter is used).

¢. Contractor:
Northern Radio Company, Inc.
New York, New York.

d. Cognizant Inspector:
Inspector of Naval Material,

p. Crystals Supplied:
(HFO and BFO crystals not supplied for Oscil-
lator O-165/UR).

Receiver:
. 3.5 Mc heterodyning oscillator.
gzg %:2; lli T\Iae‘;ilsgiiyard’ 455 kc +50 cps IF crystal filter.
? ’ RF Oscillator 0-165/UR:
e. Number of packages per complete shipment: 100 kc calibrating oscillator.

5 plus spare parts packages.
plus spare p packag q. Frequency stability data:

f. Total cubical contents (excluding spares): RF Oscillator O-165/UR:
Crated: 78.8 cubic feet. Variable HFO =20 cps/Mc for ambient change
Uncrated: 34.3 cubic feet. of 425 or —25° C. over the range of 0—50° C. for
g- Total weight (excluding spartes): any 8 hour period. 5 cps/Mc for 10% line voltage
Crated: 1040 pounds. change.
Uncrated: 522 pounds. Crystal HFO—Type 1N48 crystal.
h. Frequency range: 540 kilocycles to 54 megacycles. Re(é?i,xszteil: BFO—Type IN48 crystal.
¢. Tuning bands: Frequency drift ranges between 0.001 percent
(1) Radio Receiver R—450/FRR~28, 6 bands: and 0.01 percent of frequency, depending on frequency
Band 1: S4to 1.35 Mc used.
Band 2: 1.35t0 3.45 Mc . Input and/or output impedances:
Band 3: 3.45t0 7.4 Mc (1) Antenna: Normal 72 ohms.
band & Mo ;g-? Me (2) Radio Receiver R—450/FRR~28:
Band 6: 29'7 05 4“ Mo IF output 100 ohms nomlflal.
: ’ Loudspeaker or external lines 600 ohms.
(2) Radio Frequency Oscillator O-165/UR, 4 Front panel headphones jack 8000 ohms.
bands: (3) Keyer KY-79/UR Output: 600 ohms tone.
g:ﬁg :12 2 :g g ﬁg (4) Amplifier-Detector:
Band 3: 8 to 16 Mc 1000 chm input.
Band 4: 16 to 32 Mc 4000 ohm output.
j. Number of pre-set frequencies: (5) Loudspeaker: 500 ohm input.
RF Oscillator O-165/UR: Provision for 3 HFO s. Electrical characteristic of recommended anten-
crystals. Provision for 2 BFO crystals. nas: 72 ohms nominal balanced or unbalanced trans-
k. Types of frequency control: mission lines.
Radio Receiver R—450/FRR~28: Internal variable t. Power supply:
oscillator or external oscillator. 115/230 volts, 50/60 cycle, single phase AC.

RF Oscillator 0-165/UR: Temperature-con-

trolled variable oscillator or choice of 3 crystals. u. Power required: 570 watts total.

(1) Receiver 1—130 watts.

(2) Receiver 2—130 watts.

(3) RF Oscillator O-165/UR—200 watts.

(4) Amplifier-Detector AM-615/UR—35 watts.

m. Intermediate frequencies:
K KY-79/UR— 3
Input signal below 7.4 Mc: 455 kc. (5) Keyer KY-79/ 75 watts

Input signal above 7.4 Mc: 3.955 Mc and 455 kc.

l. Type receiver:
Single superheterodyne 0.5 to 7.4 Mc.
Double superheterodyne 7.4 to 54 Mc.

#. Radio Receiver R—450/FRR-28: 6. EQUIPMENT SUPPLIED.
Input impedance: Nominal 72 ohms. The complete Radio Receiving Set AN/FRR-28
Output impedance: Loudspeaker or external lines equipment supplied by the manufacturer is listed in
600 ohms. Front panel headphone jack 8000 ohms. table 1-2.
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GENERAL NAVSHIPS 91582 Section 1
DESCRIPTION AN/FRR-28 Paragraph 7

TABLE 1-2. EQUIPMENT SUPPLIED

QUAN- OVER-ALL
Ty NAVY DIMENSIONS
PER TYPE
EQUIP- ‘ DESIGNA- voL-
MENT NAME OF UNIT TION HEIGHT WIDTH DEPTH UME WEIGHT
1 Relay Rack Cabinet CY-597A/G 8714 24 2234 27.2 275
2 Radio Receiver R-450/FRR-28 1014 19 1614 1.9 66
1 Radio Frequency Oscillator, | O-165/UR 1015 19 14 1.6 54
including cable W3-11
1 Communication Patching $SB-224/UR 3 19 6 .20 7

Panel, including 6 patch
cords W51 through

W5-6
1 Amplifier-Detector, includ- | AM-615/UR 3V, 19 14 54 15
ing cable W9-12
1 Keyer, with cable W10-13 KY-79/UR E1%) 19 1314 .52 22
2 Instruction books

12 Cables W12-1 through W12-
10, W12-14 and W12-15

1 Loudspeaker LS-187/UR 1014 19 31%s 44 12
2 Fuses F12-1 and F12-2

Unless otherwise stated, dimensions are inches, volume cubic feet, weight pounds.

7. EQUIPMENT REQUIRED BUT NOT SUPPLIED. for operation of the receiving set equipment, but not
The additional equipment and publications required supplied by the manufacturer, is listed in table 1-3.
TABLE 1-3. EQUIPMENT REQUIRED BUT NOT SUPPLIED
QUAN-
TITY NAVY
PER TYPE
EQUIP- DESIGNA- REQUIRED
MENT NAME OF UNIT TION REQUIRED USE CHARACTERISTICS
1 Converter- AN/URA-6 Detection of frequency 455 kilocycles 1IF, 70 ohm,
Comparator (recommended for shift signals 2500 microvolt to 0.5
Group communication pur- volt input or 600 ohm
poses; other types audio
may be employed)
1 Headphones For monitoring
purposes
3 HFO CR-18/U For providing RF Oscil- | See Section 4, paragraph
crystals lator O-165/UR crystal | 34(7) to determine
HFO signal frequencies
2 BFO CR-18/U For providing RF Oscil- | See Section 4, paragraph
crystals lator O-165/UR crystal 3¢(1) to determine
BFO signal frequencies
ORIGINAL l _7




1 Section NAVSHIPS 91582 GENERAL
Paragraph 8 AN/FRR-28 DESCRIPTION

8. SHIPPING DATA. 9. ELECTRON TUBE COMPLEMENT.

Table 1-4 gives the essential shipping data of the Table 1-5 lists the quantity and types of electron
receiving set equipment. tubes for each unit of the receiving set.

TABLE 1-4. SHIPPING DATA

OVER-ALL
CONTENTS DIMENSIONS

NAME DESIGNATION HEIGHT WIDTH DEPTH VOLUME WEIGHT

Relay Rack Cabinet CY-597A/G 96 3214 3134 58.6 515
including:

1 Loudspeaker LS-187/UR

1 Communication S13-224/UR
Patching Panel

2 blank Panels
1 blank Panel

6 Patch cords
W5-1 through W5-6

2 Fuses, F12-1, F12-2

Miscellaneous
hardware

12 cables, W12-1
through W12-10,
W12-14, W12-15

RF Oscillator, includ- 0-165/UR 281, 23 15 5.7 100
ing cable W3-11

Radio Receiver #1 R—450/FRR~28 27 2214 16%4 5.4 176
Radio Receiver #2 R-450/FRR-28 27 2215 164 5.4 176

Keyer, including cable KY-79/UR 24 191, 1315 3.7 73
W10-13, and
Amplifier-Detector, AM-615/UR
including cable
W9-12

Unless otherwise stated, dimensions are inches, volume cubic feet, weight pounds.

TABLE 1-5. ELECTRON TUBE COMPLEMENT

NUMBER OF TUBES OF TYPE INDICATED
UNIT
[ B> - § Elnl|loin 5 a § o | e § w| 2
= < v 2 hd Z jar’ in <« L <] © ] < " < =
S18 |3 |8 |3|3|2|23|3|g|2 || |58 |35 |3/|2|%F|¢
Radio Receiver #1 111 2 2171211} 3]19
Radio Receiver 2 111 2 2174121319
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GENERAL DESCRIPTION AND
THEORY OF OPERATION

NAVSHIPS 91582
AN/FRR-28

Sections 1—2

TABLE 1-5. ELECTRON TUBE COMPLEMENT (Continued)

NUMBER OF TUBES OF TYPE INDICATED
UNIT - - >
o 5 o] () 2
N ~ < ~ | 3 5 o - 2 & S | e ° Slwls
4% |%(2|8|3|8|28|8 |8 |5|3 ) 5|8 |83 3|8 3|2
RF Oscillator
0-165/UR 1 212141111 11
Keyer KY-79/UR 1 1 2{ 1l 1}71]2 9
Amplifier-
Detector
AM-615/UR 111|111 5
Total Number
of Each Type 211 |1} 2441} 1| 1]|2|6{2|4|1|5|14| 41 2] 6]63

SECTION 2
THEORY OF OPERATION

1. INTRODUCTION.

Radio Receiving Set AN/FRR-28 is used for single
or dual receiver reception of AM radiophone signals,
amplitude modulated CW signals, or unmodulated CW
signals. The dual receiver operational arrangement is
for “diversity” signal reception. The received signals
may be used locally or adapted for use in equipments,
such as the teletypewriter, which may remote from
the receiving set. Radio Receiving Set AN/FRR-28 in-
cludes the following units: Two Radio Receivers
R~450/FRR-28, Radio Frequency Oscillator O~165/UR,
Keyer KY-79/UR, Amplifier-Detector AM-615/UR
Loudspeaker 1LS-187/UR, and Communication Patch-
ing Panel SB-224/UR. Provisions are made for the in-
stallation and use of a frequency-shift converter-com-
parator group in conjunction with the receiving set
for frequency-shift reception. All of the equipment is
mounted in Relay Rack Cabinet CY-597A/G.

Fading, or momentary loss of signal, at a receiving

ORIGINAL

antenna may be caused by the variation of the position
of the ionosphere. Fading occurs when two signals
reach the receiving antenna out of phase and cancel
each other. To overcome fading, “space diversity” or
“frequency diversity” reception may be used.

In “space diversity” reception, the antennas for the
two receivers in Radio Receiving Set AN/FRR~-28 are
spaced five to ten wavelengths apart. At this spacing it
has been experimentally shown that the signals in-
duced in the antennas will tend to fade independently.
Since the two receiver outputs are combined, the effect
of fading will be greatly reduced.

In “frequency diversity” reception, the same in-
telligence is transmitted at two different frequencies,
making use of the observed fact that signals of different
frequencies tend to fade independently. Each receiver
in Radio Receiving Set AN/FRR-28 is tuned to one
of the two transmitted frequencies, and the two re-
ceiver outputs are combined to reduce fading effects.
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2 section NAVSHIPS 91582 THEORY OF
Paragraph 2a AN/FRR-28 OPERATION
ANT
{ RADIO
RECEIVER AF
R-450/F RR-28
*|
i \ 4
'HFO
!
|
RADIO 0o 900o0o0 000000
FREQUENCY
OSCILLATOR
0-165/7UR o 00/> O 00 O OO
[ 7 [COMMUNICATION
! PATCHING PANEL
i SB-224/UR o] LOUD-SPEAKER
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ANT H CORD
l RECEIVER AF
‘ .- _ CONNECTIONS FOR USE OF
R-450/FRR-28 > RADIO FREQUENCY OSCILLATOR
*2 FOR SUPPLYING RECEIVER #i OR
RECEIVER # 2 WITH EXTERNAL

HFO

Figure 2—1. Radio Receiving Set AN/FRR-28, Block Diagram, Individual Reception of Phone Signals

2. BLOCK DIAGRAM DESCRIPTIONS.

«. INDIVIDUAL RECEPTION OF AM RADIO-
PHONE SIGNALS. (See figure 2—1.)—The AM radio-
phone signal from the antenna is preselected, amplified,
and converted to an audio signal in one of the receivers.
The audio output of either receiver is fed through
Communication Patching Panel SB-224/UR and a
patch cord to the speaker. The HFO section of RF
Oscillator O-165/UR is used when the receiver HFO
is inoperative, or when greater receiver stability is
desired.

b. INDIVIDUAL RECEPTION OF CW SIGNALS.
(See figure 2-2.)—The keyed telegraph signal from the
antenna is preselected, amplified, and detected in the
receiver. The detected signal is fed directly to Com-
munication Patching Panel SB-224/UR in receiver
#1. In receiver # 2 the detected signal is mixed with
a BFO voltage from the receiver or Oscillator O—
165/UR, to produce an audio tone which is then
fed to SB-224/UR. The detected signal from receiver
#1 or the audio tone from receiver #2 is fed through
SB-224/UR and a patch cord to Keyer KY-79/UR.
The Keyer KY-79/UR monitoring output is fed
through SB-224/UR and a patch cord to Loudspeaker
LS-187/UR. The line output of Keyer KY-79/UR is
applied to SB-224/UR and a patch cord to an external
circuit, such as a teletypewriter, which operates on the
tone signal produced by the Keyer KY-79/UR. The
audio output of receiver #2 may be fed directly to
Loudspeaker LS-187/UR instead of Keyer KY~79/UR.

2-2

Since both receivers are identical, receiver #1 may be
used to provide the audio tone and receiver #2 to
provide the detected signal.

¢. INDIVIDUAL RECEPTION OF FREQUENCY-
SHIFT SIGNALS. (See figure 2-3.)—When a fre-
quency-shift converter is supplied with the receiving
set, frequency-shift signals can be received. A CW
signal, whose normal frequency is shifted to another
frequency for a period of time corresponding to the
transmitted intelligence, is a frequency-shift signal.

The frequency-shift signal from the antenna is pre-
selected, amplified, and mixed in the receiver with an
HFO signal from either the receiver internal oscillator
or RF Oscillator O-165/UR. Since a slight drift in HFO
frequency may cause loss of the frequency-shifted sig-
nal, RF Oscillator O-165/UR, which gives greater
stability, is preferred. The IF or AF signal output of the
receiver, depending on the type of converter employed,
is fed directly to the frequency-shift converter. The
tone output of the converter is fed through the patch-
ing panel and a patch cord to the speaker and external
lines, and the teletypewriter output is fed through the
patching panel, a patch cord, and external lines to a
teletypewriter.

d. DUAL SPACE OR FREQUENCY DIVERSITY
RECEPTION OF RADIOPHONE SIGNALS. (See
figure 2-4.)—The dual space, or frequency diversity,
radiophone signals are fed from the antenna to the
receivers. For dual space diversity reception, either the
internal oscillator of the receivers or RF Oscillator
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THEORY OF NAVSHIPS 91582
OPERATION AN/FRR-28 Paragraph 2d
ANT
RADIO
RF, RECEIVER DET INPUT KEYER
R-450/FRR-28 KY-79/UR
#1 A
? MONITOR . Y
ko LINE -
! TO EXTERNAL
| r *T \ —» CIRCUIT
RADIO o o c/ o o0 o0 A) o
FREQUENCY L PATCH
OSCILLATOR =1 CORDS
0-165/UR b o / 0o 000O0O0
A
J 1 X |COMMUNICATION
] PRGNS e
: ! - LOUD-SPEAKER
|HFO |BF° LS-187/UR
ANT v s
\ RE,|  RECENER | aF
J _____CONNECTIONS FOR USE OF
R“*-"‘KERR 28 RADIO FREQUENCY OSCILLATOR
FOR SUPPLYING RECEIVER #!| WITH
EXTERNAL HFO OR RECEIVER # 2

WITH EXTERNAL HFO AND/OR BFO

AF OUTPUT OF RECEIVER # 2 MAY
B8E CONNECTED TO EITHER THE
KEYER OR LOUDSPEAKER UNIT.

Figure 2-2. Radio Receiving Sef AN/FRR-28, Block Diagram,
Individual Reception of CW Signals

0-165/UR may be used, and for received signals over
7.4 megacycles a 3.5 megacycle signal from one re-
ceiver is used for both receivers. Amplifier-Detector
AM-615/UR can be used for aligning both receivers
to the same frequency. Since both receivers are tuned
to different frequencies in frequency diversity recep-
tion, Oscillator O-165/UR cannot supply the HFO
signal to both receivers, and either both internal oscil-
lators or Oscillator O-165/UR and one internal oscilla-
tor are used. The AVC circuits of both receivers are
tied together for common AVC action. The diversity
signal is preselected, amplified, and detected in each
receiver. The detector outputs of both receivers are
patched together at the patch panel. The common de-
tector signal is linked at one receiver to its audio sec-
tion. The audio output of this receiver is fed to the
speaker through the patch panel and a patch cord.

e. DUAL SPACE OR FREQUENCY DIVERSITY
RECEPTION OF CW SIGNALS. (See figure 2-5.)—
The dual space, or frequency diversity, CW signals are
fed from the antenna to the receivers. In space diver-
sity reception of AM CW signals, either the receiver
internal oscillator or Oscillator O-165/UR is used.
Amplifier-Detector AM-615/UR may be used to tune
both receivers to the same frequency. In space diversity
reception of unmodulated CW signals, common HFO
and 3.5 megacycle signals are used to produce a single

ORIGINAL

tone signal output from the receiver. In frequency
diversity reception, each receiver is tuned to a different
frequency, requiring either both receiver internal
oscillators or one receiver internal oscillator and*Oscil-
lator O-165/UR to be used for the HFO signal. In
space or frequency diversity reception of a CW signal
the AVC circuits are tied together. The second detector
outputs are combined on the patching panel with
patch cords and fed to both Keyer KY-79/UR and ex-
ternal circuits. The Keyer KY-79/UR output is fed
through the patching panel and a patch cord to the
speaker, and the Keyer KY~79/UR line output is ap-
plied to an external circuit through the patching panel
and patch cord.

f. DUAL SPACE AND FREQUENCY DIVERSITY
RECEPTION OF FREQUENCY-SHIFT SIGNALS.
(See figure 2-6.)—Frequency-shift signals are fed from
the antenna to the receivers. Either Oscillator O-
165/UR or the receiver internal oscillators are used
to provide the HFO signal for space diversity recep-
tion. RF Oscillator O-165/UR is preferred, due to its
greater stability in preventing receiver drift and loss
of the frequency-shifted signal. When the receiver in-
ternal oscillators are used, the receivers are tuned with
the Amplifier-Detector AM—615/UR. In frequency di-
versity reception of frequency-shift signals, Oscillator
0-165/UR cannot provide the HFO signal for both
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NAVSHIPS 91582 THEORY OF
Paragraph 2f AN/FRR-28 OPERATION
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Figure 2-3. Radio Receiving Set AN/FRR-28, Block Diagram,
Individual Reception of FS Signals

receivers, and either both receiver internal oscillators
or one receiver internal oscillator and Oscillator
0-165/UR are used. The frequency-shift signals are
preselected, amplified, and converted to the inter-
mediate frequency in the receiver. A signal from one
receiver is applied to one of the frequency-shift con-
verters that can be employed with the diversity equip-
ment. The other receiver signal is applied to the other
converter. The converter outputs are applied to the
comparator. The stronger signal is converted to a
tone and to a teletype signal, while the weaker signal
is cut off. The tone output is fed through the patching
panel and patch cords to the speaker and to external
circuits. ‘The teletype signal is fed through the patching
panel and a patch cord through an external line to a
teletypewriter.

3. RADIO RECEIVER R-450/FRR-28.
(See figures 1-1 and 1-2.)

4. GENERAL—Two Radio Receivers R—450/FRR~—
28 are contained in the Radio Receiving Set AN/FRR-
28. The receivers are used separately for reception of
radiotelephone, CW, MCW , or frequency-shift signals,
and are used together for reception of space or fre-
quency diversity signals.

2-4

b. BLOCK DIAGRAM DESCRIPTION. (See figure
2-31.)—The RF signals from the antenna are applied
to the RF amplifier stages V1 and V2 of the receiver,
where the desired RF signal is preselected and am-
plified. The output signal of the RF amplifiers is ap-
plied to the first mixer stage V5.

An external HFO signal, from Oscillator O-165/UR
which is amplified in the external HFO signal ampli-
fier stage V4A, or a local HFO signal, which is pro-
duced in the local HFO stage V4B, is applied to the
first mixer stage V5 through HFO switch S12. The HFO
signal is mixed with the RF signal in the mixer tube
V5 to form a beat frequency or IF signal.

When the RF signal is between .54 and 7.4 mega-
cycles, the HFO signal frequency is such that the IF
produced in the first mixer stage is 455 kilocycles. The
first mixer stage output signal is fed through switch
$4 to the gate amplifier tube V7, where it is amplified.
The 455 kilocycle IF signal is then applied to the IF
amplifier stages V9 and V10.

When the RF signal is between 7.4 and 54 mega-
cycles, the HFO signal frequency is such that the
frequency produced in the first mixer is 3.955 mega-
cycles. The first mixer output is fed to the second
mixer stage V6 through switch S4. A 3.5 megacycle
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Figure 2—4. Radio Receiving Set AN/FRR-28, Block Diagram, Diversity Reception of Phone Signals
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Figure 2—-5. Radio Receiving Set AN/FRR-28, Block Diagram, Diversity Reception of CW Signals
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Figure 2—6. Radio Receiving Set AN/FRR-28, Block Diagram,
Diversity Reception of FS Signals, Using IF Type Converter

signal from either an external source, or from the local
3.5 megacycle oscillator and buffer stage V8, is also ap-
plied to the second mixer stage V6 through switch S13.
The first mixer output and 3.5 megacycle signal are
mixed in the second mixer to produce a 455 kilocycle
IF signal, which is applied to the IF amplifier stages
V9 and V10.

The 455 kilocycle signal from either tube V6 or V7
is amplified in the amplifier stages V9 and V10, and in
the driver stage V11. The output of the driver is fed to
three different stages: the IF buffer stage, the AVC
stage and the second detector stage. The IF signal from
the IF buffer stage V16A is applied to the Amplifier-
Detector AM-615/UR and Converter-Comparator
Group AN/URA-6 if supplied. The AVC stage V14B
provides a bias voltage to the RF and IF amplifier
stages to maintain an automatic volume control. In
diversity reception, the AVC stages of both receivers
are combined with AVC switch S15 set in the DIV.
position. The second detector stage V14A detects the
amplitude modulation of the input RF signal, which
is fed through the audio amplifier stage V16B and the
audio output amplifier stage V17 to the speaker.

The noise limiter V15A is connected into the circuit
by LIMITER switch S6. 1t provides a limiting action
on noise pulses of higher amplitude than the signal.

To modulate a CW signal to produce an audio beat
note for monitoring purposes, a beat frequency oscilla-
tor signal is provided. Either an external BFO signal
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from Oscillator O-165/UR is fed through the external
BFO signal amplifier V13B, AVC switch S14, and BFO
buffer stage V12 to the second detector input, or the
internal BFO signal from the BFO stage V13A is fed
through AVC switch S14, and BFO buffer stage V12
to the second detector input.

Meter M1 indicates the relative RF and AF signal
strengths. The detected RF signal is applied to the
meter through METER switch 8§11 from the second
detector output. The AF signal from the output of
the audio output amplifier is applied to the meter
through meter rectifier stage V15B and METER switch
S11.

¢. DETAILED CIRCUIT ANALYSIS. (See figures
7-30 and 7-31.)

(1) RF AMPLIFIERS V1 AND V2.—The RF sig-
nal from the antenna is applied to an untuned primary
and tuned secondary input transformer through jack
J1 of the receiver. The capacitors and transformer that
are connected into the circuit for each setting of BAND
CHANGE switch S1 are listed in table 2-1.

The selected frequency is tuned in by means of
TUNING capacitors C1A and C1B.

The RF signal is fed from the tuned secondary of the
input transformer, through coupling capacitor C18, to
the grid of the first RF amplifier tube V1. Grid bias
voltage is filtered by resistor R2 and capacitors C19
and.C41, and fed through grid leak resistor R1 to the
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TABLE 2-1. TRANSFORMERS AND CAPACITORS PLACED INTO CIRCUIT BY BAND CHANGE SWITCH S1

Frequency Antenna Capacitors Ist RF Capacitors 2nd RF to Capacitors
Range in to Ist RF in st to 2nd RF Ist Mixer in 1st HFO HFO
Band Megacycles [Transformer RF Input Trunsformer| RF Input iTransformer Mixer input  |Transformer Capacitors

1 54— 1.35 L1 |C2,C3 LS8 C26,C27 L15 C46,C47 L25 C76,C77,C78,
C79,C80

2 1.35~ 3.45 L2 C4,C5 Lo C28,C29 L16 C48,C49 L26 C79,C80,C81,
C82

3 3.45~ 7.4 L3 |C6,C7,C8 L10 C30,C31,C32| L17 C50,C51,C52 L27 C79,C80,C83,
C84,C85

4 7.4 ~14.8 L4 |C9,C10,Cl1 Li1 C33,C34,C35] L18 C53,C54,C55 | L28 C79,C80,C806,
C87,C88,C89

5 |[14.8 -29.7 L5 |C12,C13,C14 L12 |C36,C37 L19 C56,C57 L29 C79,C80,C90,
€91,C92,C93

6 |29.7 54 L6 |C15,C16,C17 L13 |C38,C39 L20 C58,C59 L30 C79,C80,C94,
C95,C96

grid of tube V1. Screen grid voltage, which is filtered
by capacitors C20 and C21, and resistor R4, is fed
through voltage dropping resistor R3. Plate voltage
is filtered by capacitors C22 and C23, resistors R5 and
R6, and choke L7. The RF signal is amplified in the
first RF amplifier, and fed through coupling capacitor
C24 to an untuned primary and tuned secondary of a
transformer. The transformer and capacitors used in
the circuit for each position of BAND CHANGE
switch S1 are listed in table 2-1. The transformer

secondary circuit is tuned to the RF signal frequency
by TUNING capacitors C1C and CID.

The RF signal from the transformer secondary cir-
cuit is applied to the grid of the second RF amplifier
tube V2 through parasitic suppressing resistor R1l
and coupling capacitor C25. Bias voltage is applied to
the grid through a filter consisting of capacitors C40
and C41, resistor R12, and grid leak resistor R13.
Screen grid voltage is applied through voltage dropping
resistor R14 and filtered by bypass capacitor C42.
Plate voltage is filtered by choke L14, resistors R15
and R16, and capacitor C43. The amplifier RF signal
is fed from the plate of tube V2 through coupling
capacitor C44 to an untuned-primary and tuned-sec-
ondary transformer. The transformer and capacitors
placed into the circuit at each position of BAND
CHANGE switch S1 are listed in table 2-1. The trans-
former secondary circuit is tuned to the RF signal fre-
quency by TUNING capacitors C1E and CIF.

The RF signal from the transformer secondary circuit
is fed through parasitic suppressing resistor R21 and
coupling capacitor C45 to pin 7 of the first mixer stage
V5. The RF signal is mixed with a high frequency
oscillator voltage in the mixer to produce an inter-
mediate frequency signal.

ORIGINAL

(2) EXTERNAL HFO SIGNAL AMPLIFIER
V4A AND LOCAL HFO V4B.

() GENERAL.—For improvement of image
rejection the RF signals above 7.4 megacycles are con-
verted twice to get the 455 kilocycle IF. Since the first
conversion is to 3.955 megacycles, the HFO signal ap-
plied to the first mixer is 3.955 megacycles higher in
frequency than the RF signal. Only single conversion
is used for frequencies below 7.4 megacycles, and the
HFO signal is 455 kilocycles above RF signal frequency.

(6) EXTERNAL HFO SIGNAL AMPLIFIER
V4A.—An external HFO signal from Oscillator O-
165/UR is applied to the receiver through jack J6 and
a 455 kilocycle filter. The filter consists of choke L58,
capacitors C162A and C162B, and resistors R111, R112,
and R113. The HFO signal is applied to the external
HFO signal amplifier tube V4A through coupling ca-
pacitor C164. HFO switch S12 is set to the EXT posi-
tion. A low negative bias voltage, which is filtered by
resistor R118 and capacitors C166 and C181, is applied
to the grid through voltage-divider resistors R116 and
R117, and grid leak resistor R114. Plate voltage is fil-
tered by resistors R29 and R30, capacitors C71 and
C72, and choke L24. The amplified HFO signal is fed
from the plate of tube V4A, through coupling capaci-
tor C74, to an untuned-primary and tuned-secondary
transformer. The transformer and capacitors placed
into the circuit by the position of BAND CHANGE
switch S1 are [isted in table 2~1. The transformer sec-
ondary circuit is tuned to the HFO frequency by TUN-
ING capacitors C1G and C1H. The HFO signal is fed
from the tuned transformer secondary circuit, through
coupling capacitors C75 and C165, to pin 1 of the first
mixer tube V5. When switch S12 is in the EXT po-
sition, tube V4B is biased beyond cut-off by the nega-
tive voltage applied to the grid from the rectifier V20
citcuit.
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Figure 2-7. Radio Receiver R—450/FRR-28, Simplified Schematic of First Oscillator for Band 1

(¢) LOCAL HFO V4B. (See figures 2-7 and 2-8.)
—HFO switch S12 is set to the INT position. Bias for
tube V4B is provided by grid leak resistor R22 to
ground through switch $12. Capacitor C182 acts to by-
pass the RF present due to the comparitively long leads
used in the circuit. Plate voltage is filtered by choke
L24, capacitors C71 and C72, and resistors R29 and
R30. The tuned grid-to-cathode circuit consists of the
secondary of the transformer, and the capacitors listed
in table 2-1, for each setting of BAND CHANGE
switch S1. The circuit is tuned by TUNING capacitors
C1G and CIH. The tuned circuit is coupled to the grid
through capacitor C75. The feedback from the plate is
provided to the tuned circuit through coupling capaci-

tor C74. The HFO signal is fed from the grid of tube
V4B to pin 1 of the first mixer tube V5. When switch
§12 is in the INT position, tube V4A is biased beyond
cut-off by the negative voltage applied to the grid from
the rectifier V20 circuit.

(3) FIRST MIXER V5.—The RF signal from the
second RF amplifier V2 is applied to pin 7 of the first
mixer stage V5. The HFO signal is applied to pin 1
of tube V5 from either the external HFO signal am-
plifier tube V4A, or the local HFO tube V4B. Cathode
bias for tube V5 is provided by resistor R27 in parallel
with bypass capacitor C66. Grid bias for the HFO
signal is provided by resistor R115, and for the RF
signal by resistor R26. The voltage applied to the sec-
ond and fourth grids is filtered by resistor R28 and
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Figure 2—-8. Radio Receiver R—450/FRR-28, Simplified Schematic of First Oscillator for Band 4
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capacitors C68 and C73. The plate voltage is filtered
by resistor R31 and capacitor C70.

When an RF signal above 7.4 megacycles is prese-
lected in the RF amplifier stages, the HFO signal fre-
quency is 3.955 megacycles higher than the RF signal,
and the first mixer tube V5 plate output is a 3.955
megacycle IF signal. This signal is fed to a circuit
tuned to 3.955 megacycles, consisting of the primary
of transformer L31 and capacitor C67. The circuit con-
sisting of capacitor C69 and coil L32 presents a low
impedance and does not interfere with the trans-
former T1 operation.

When an RF signal below 7.4 megacycles is prese-
lected in the RF amplifier stages, the HFO signal fre-
quency is 455 kilocycles higher than the RF signal, and
the first mixer plate output is a 455 kilocycle IF signal.
This signal is fed to a circuit tuned to 455 kilocycles,
consisting of the primary of 132 and capacitor CG69.

(4) LOCAL 3.5 MEGACYCLE OSCILLATOR
AND BUFFER V8—When an RF signal above 7.4
megacycles is being received, BAND CHANGE switch
81 is set to the proper band and switch S4 is turned to
the DOUBLE CONVERSION position by the same
dial. Screen grid voltage is cut-off from the gate am-
plifier tube V7, which is used in single conversion
only. Screen voltage is applied to tube V6 and plate
voltage is applied to tube V8, which are used in double
conversion.

The crystal of the local 3.5 megacycle oscillator is
connected between the plate and grid of tube V8A.
The signal from grid to cathode is applied by capacitor
C101, which is made variable to allow for a slight ad-
justment of the oscillator frequency. Capacitor C167
provides the plate-to-cathode feedback necessary for
oscillator operation. Bias for tube V8A is provided
by grid leak resistor R36. Plate voltage is filtered by
choke L35, resistors R37 and R38, and capacitors C102,
C103, and C104. The 3.5 megacycle signal is fed from
the grid of tube V8A, through coupling capacitor
C168, to the grid of tube V8B.

The buffer stage V8B provides low impedance out-
put for the 3.5 megacycle oscillator. Grid bias is pro-
vided by grid leak resistor R119. Plate voltage is fil-
tered by resistor R120 and capacitor C169. The signal
is fed from the cathode end of resistor R121, through
coupling capacitor C170, to pin 1 of tube V6.

The 3.5 MC OSC switch S13, mounted on the rear
of the receiver, permits receiver flexibility for either
single or diversity operation. When switch $13 is in
position “1”, the local 3.5 megacycle oscillator func-
tions, and the oscillator output is available at jack J7.
In position “2”, the 3.5 megacycle oscillator is disabled
by removing plate voltage from tube V8, and the 3.5
megacycle signal must be externally supplied. In posi-
tion "3” of switch S13 the oscillator again functions,
but no oscillator output is available.

In dual diversity or single receiver operation, jack J7
on both receivers is connected together and switch S13
is set according to table 2-2.
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TABLE 2-2. MODES OF OPERATION FOR
DIFFERENT POSITIONS OF SWITCH S13

SWITCH S13 POSITIONS
MODE OF OPERATION

Receiver # 1 | Receiver #2

Diversity: Receiver #1 supplying 1 2
3.5 Mc signal.

Diversity: Receiver #2 supplying 2 1
3.5 Mc signal.

Single Receiver: Each receiver sup- 3 3

plying own 3.5 Mc signal.

(5) SECOND MIXER V6.—The 3.955 megacycle
signal from the tuned plate circuit of tube V5 is fed
through the secondary of 131 to two tuned circuits,
consisting of transformer L33 and capacitor C97, and
inductor L34 and capacitor C99. Two tuned circuits
are used for greater selectivity purposes. The signal is
fed to pin 7 of the second mixer tube V6. The 3.5 mega-
cycle signal from either the external source or the local
3.5 megacycle signal oscillator is applied to pin 1 of
tube V6. The one-volt bias for pin 7 is filtered by
resistor R35 and capacitor C98. Grid bias for pin 1 is
supplied by grid leak resistor R122. Voltage to pin
6 is applied through voltage dropping resistor R40 and
is filtered by bypass capacitors C102 and C106. Plate
voltage is filtered by resistor R41 and capacitors C108
and C109. The two signal inputs to mixer tube VG are
mixed to form an IF difference frequency of 455 kilo-
cycles. This IF signal is fed to the tuned plate circuit
consisting of capacitor C107 and transformer L36
primary.

(6) GATE AMPLIFIER V7.— When BAND
CHANGE switch S1 is set for the reception of signals
below 7.4 megacycles, switch S4 is simultaneously set
to the SINGLE CONVERSION position. Screen grid
voltage is now applied to the gate amplifier tube V7.
Plate voltages for tube V8 and screen voltage for tube
V6, which are used in double conversion only, are cut-
off, preventing their operation.

The 455 kilocycle signal from the tuned plate circuit
of the first mixer stage V5 is fed to the grid of the
gate amplifier tube V7 through the secondary of trans-
former L32 and grid current-limiting resistor R33.
Capacitor C100 bypasses the IF signal to ground. Bias
voltage is applied to the grid through grid leak resistors
R32 and R34. Screen voltage, which is filtered by ca-
pacitors C105 and C102, is fed through voltage
dropping resistor R39. Plate voltage is filtered by
resistor R41 and capacitors C108 and C109, located in
transformer T3. The amplified 455 kilocycle signal is
applied to the tuned plate circuit, consisting of capaci-
tor C107 and the primary of transformer L36, also con-
tained in the T3 can.

(7) FIRST IF AMPLIFIER V9.—The IF signal
from the tuned plate circuit of the second mixer tube
V6, or from the gate amplifier tube V7, is fed by in-
ductive coupling to a circuit which provides three

2-9




2 Section
Paragraph 3¢(7)

NAVSHIPS 91582
AN/FRR-28

THEORY OF
OPERATICN

Cii3
100 upuf
TO PIN 1 OF VO
R42
cié4 10 ’

vé L36
% L37
] — cuez
100 uf
VT | |
- v — (]
B+ ciil

NOTE: ALL RESISTANCES IN OHMS UNLESS OTHERWISE INDICATED.

Figure 2-9. Radio Receiver R~-450/FRR—28, Simplified Schematic of T3 for 3, 8, and 13 k¢ Positions

crystal and three non-crystal selectivity positions.

When the SELECTIVITY switch S5 is in one of the
three non-crystal positions, the crystal is shorted out
through the switch. See figure 2-9. The signal is fed
from the secondary of transformer L36, tuned by ca-
pacitors C110 and C112, through the tuned circuit of
capacitors C113 and C114 and inductor L37, and
through parasitic suppressing resistor R42 to the grid
of tube V9.

When switch 85 is in one of the crystal positions,
the signal is fed from the tube V6 plate circuit,
through the tuned circuit consisting of transformer
L36 secondary and capacitors C110 and C112, through
the crystal and the tuned circuit consisting of inductor
L37 and capacitors C113 and C114, and through para-
sitic suppressing resistor R42 to the grid of tube V9.
See figure 2-10.

The XTAL PHASING capacitor C111 is used to
neutralize the crystal-holder capacity, and to maintain
circuit balance so that the neutralization does not effect
the resonant frequency of the tuned circuit of capaci-
tors C110 and C112, and the secondary of transformer
L36. The phasing control permits high attenuation of
closely adjacent channel interference on either side of
the signal frequency, when the crystal selectivity posi-
tions are used.

Figure 2-10 shows the simplified circuit of T3 when
the SELECTIVITY switch 85 is set to the “1.3” k¢
position. Crystal Y8 has been added to the circuit, and

resistor R45 has been added in series with coil L37
of the parallel resonant tuned circuit, thus decreasing
the impedance of the tuned circuit. This impedance is
in series with the crystal circuit. As the series im-
pedance is decreased the selectivity becomes greater.
As more resistance is added to the tuned circuit by
setting switch S5 to the “.5” kc¢ or “.2” kc position,
the selectivity is further increased. At the same time,
the amplitude of the IF output signal to the grid of
V9 is kept fairly constant since the impedance of the
parallel tuned circuit decreases with the increase in
resistance in the tuned circuit. Capacitors C113 and
C114 form a voltage divider. The voltage across C114
is applied to the grid of V9.

Cathode bias for the first IF amplifier tube V9 is
provided by voltage divider resistors R128 and R129,
and is filtered by capacitor C183. Cathode bias is ad-
justed by variation of the IF GAIN control R128 on
the rear of the receiver. Grid bias is fed through grid
leak resistor R43 and filtered by resistor R44 and ca-
pacitor C115. Screen voltage is applied through volt-
age dropping resistor R48 and filtered by capacitor
C116. Plate voltage is filtered by resistor R49 and capac-
itor C118. The amplified IF signal at the plate of the
first IF amplifier tube V9 is applied to a tuned circuit,
consisting of the transformer primary, L38, and capaci-
tor C117.

(8) SECOND IF AMPLIFIER V10.—The 455
kilocycle IF signal from inductor L38 is inductively

T
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Figure 2-10. Radio Receiver R~450/FRR~-28, Simplified Schematic of T3 for 1.3 kc Position
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applied to a tuned circuit consisting of inductor L39,
capacitors C119 and C120, and one of the tertiary wind-
ings. When switch 85 is in the “3” kilocycle, or one of
the crystal positions, the “3” kilocycle winding is used.
In the “8” kilocycle position, “8” kilocycle winding is
used, and in the “13” kilocycle position the “13” kilo-
cycle winding is used. The signal is fed from between
the two capacitors C119 and C120, which are a part of
the tuned circuit and also function as a voltage di-
vider, to the grid of the second amplifier V10 through
parasitic suppressing resistor R50. Grid bias is fed
through grid leak resistor R51 and filtered by
resistor R52 and capacitor C121. Screen grid voltage is
fed through voltage dropping resistor R53 and filtered
by bypass capacitor C122. Cathode bias is provided by
voltage divider resistors R128 and R129, and filtered
by capacitor C184. Adjustment of IF GAIN poten-
tiometer R128 varies the cathode bias. Plate voltage is
filtered by resistor R54 and capacitor C123. The IF
signal, which is amplified in tube V10, is applied to the
plate tuned circuit consisting of inductor L41, and ca-
pacitor C124. The signal is inductively fed from this
tuned circuit to the tuned grid circuit of the driver
stage V11.

(9) DRIVER STAGE V11.—The signal from the
tuned plate circuit of tube V10 is applied to the tuned
grid circuit of tube V11, consisting of capacitors C125
and C126, and inductor L42. One of the tertiary wind-
ings is added into the circuit, the winding used de-
pending upon the position of switch S5. The signal is
fed from the tuned grid circuit to the grid of the
driver tube V11 through parasitic suppressor resistor
R55. A negative ten-volt bias, which is supplied to the
grid from the power supply, is filtered by resistor R57
and capacitors C127 and C128, and through grid leak
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resistor R56. Screen grid voltage is filtered by resistor
R58 and capacitor C129A. Plate voltage is filtered by
resistor R59, choke L47, and capacitor C129B. The out-
put of the driver stage V11 is fed to the IF output
buffer stage V16A, second detector stage V14A, and
the AVC stage V14B.

(10) IF OUTPUT BUFFER STAGE VI16A. The
IF signal is fed from the plate of the driver stage
V11 to the grid of the IF buffer output stage V16A
through coupling capacitor C145. Bias is provided by
grid leak resistor R78. Plate voltage is filtered by
resistor R80 and capacitor C146. The output of tube
V16A, at the cathode end of cathode resistor R79, is
fed to the IF OUTPUT MONITOR jack J2 through
coupling capacitor C147 and autotransformer L53.

(11) VOLUME CONTROL CIRCUITS. (See figure
2-11.)—Three methods of volume control are provided
in the receiver unit: manual volume control, diversity
AVC, and local AVC.

Manual volume control is provided by variation of
the RF GAIN potentiometer R93. This potentiometer
provides a variation of bias between a negative one volt
and a negative fifty volts to the grid circuits of both
RF and both IF amplifier tubes, through filtering
resistors and capacitors when AVC switch S8 is set
to the MAN position.

Diversity AVC, which is applied to and fed from
the receiver through switch 515, is filtered by capacitor
C175 and inductor L55 before being fed to the RF
and IF amplifiers. In diversity operation, the stronger
AVC signal will cut off reception in the other receiver.

The local AVC voltage is supplied by AVC tube
V14B. The IF signal from the plate of the driver tube
is applied to the plate of the AVC tube where it is
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Figure 2-11. Radio Receiver R~450/FRR-28, Simplified Schematic of AVC Circuit
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rectified. A positive bias is provided to the cathode
from the regulated 150-volt supply through voltage
divider resistors R66 and RG8. This bias causes a
voltage delay in the AVC tube rectification until the
signal is strong enough to overcome the bias. The
rectified current flowing through resistor R61 pro-
duces a negative potential at the plate side of the
AVC tube. This negative bias is filtered by resistor
RGO and capacitor C140, and is again filtered by a
resistor and capacitor network in the grid circuits of
the IF and RF amplifiers.

The time constant of the resistor-capacitor combina-
tions in the AVC circuit must be high enough to com-
pletely filter the signal modulation from the AVC sig-
nal, leaving only an average voltage which will follow
the slow variations in the carrier signal, which are due
to fading. Too high a time constant cannot be used
since the AVC voltage would not follow rapid fading.
The time constant of the AVC circuit is varied by
switches S§7 and S14.

(12) SECOND DETECTOR V14A.—The IF sig-
nal is fed from the plate of the driver tube V11,
through coupling capacitor C139, to the plate of the
second detector. The modulated IF signal is fed
through RF choke L54, which passes only the modula-
tion portion of the signal, to the detector jack J9, and
through the link between screws 4 and 5 on E19,
resistors R62, R63, R64 and R84, and coupling capaci-
tor C143, to the grid of the audio amplifier tube V16B.
Capacitors C141 and Cl142 are RF bypass capacitors.

(13) LIMITER V15A.—The output of the second
detector, which is the negative portion of the modu-
lated IF signal, is fed through inductor L54. Inductor
L54 blocks the high IF signals and passes the lower
modulating frequencies through resistor R62 to a
parallel connection of resistor R63 and the limier
tube V15A. When capacitor Cl44 is connected into
the circuit by switch S6, a negative charge equal to the
average audio level signal is built up on the limiter
plate end of the capacitor. When a pulse noise signal,
whose amplitude is greater than the negative charge, is
applied across RG3, the cathode of the limiter will
become negative in respect to its plate, since the time
constant of resistor R67 and capacitor C144 is large.
The tube will conduct and thereby limit the noise.

(14) AUDIO AMPLIFIER V16B.—The signal
voltage from the second detector is voltage fed through
coupling capacitor Cl43, and the AUDIO GAIN po-
tentiometer R84 to the grid of the audio amplifier tube
V16B. If an external phone signal is fed to terminal
El, it is fed through potentiometer R84 to the grid of
tube V16B. Cathode bias is provided by resistor R83.
Plate voltage, which is filtered by resistor R82 and ca-
pacitor C148, is fed through plate load resistor R81.
The amplified audio signal is fed from the plate of
tube V16B to the audio output amplifier tube V17,

(15) AUDIO OUTPUT AMPLIFIER V17.—The
audio signal is applied from tube V16B, through
coupling capacitor C149, to the grid of the audio
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amplifier tube V17. Bias for the tube is provided by
grid leak resistor R98 and by cathode resistor R99 in
parallel with bypass capacitor C151. The audio output
amplifier amplifies the audio signal, which is then
applied across the primary of transformer T7 and ca-
pacitor C150. The secondary of transformer T7 applies
the signal to terminal board E2 and phone jack J3.

(16) BEAT FREQUENCY OSCILLATOR VI13A.
(See figure 2—-12.)—When AVC switch S$4 is in either
of the INT BFO positions, tube V13B is inoperative
due to the high negative bias applied to the grid
through resistors R124 and R127. The oscillator tuned
circuit between grid and cathode consists of capacitors
C130, C131, and C132 and inductors L44, 145, L46.
Feedback from the plate is provided through coupling
capacitor C133. Grid coupling capacitor C134 couples
the grid to the oscillator circuit. The cathode coupling
is effected through ground. The signal output is tapped
between capacitor C132 and inductor L46 which serve
as a voltage divider to reduce the load effects on the
oscillator. Inductor L46 also provides a dc path to
ground for the grid of tube V12, Bias for tube VI13A
is provided by grid leak resistor R75. Plate voltage for
both sections of tube V13 is filtered by resistor R77 and
capacitor C136, and fed through load resistor R76 and
switch §7 when in the CW position.

(17) EXTERNAL BFO AMPLIFIER VI13B.—
When switch S14 is in either of the EXT BFO positions,
the bias for tube V13B is applied at normal operating
level through voltage divider R127, R125, R126 and
isolating resistor R124, and the bias obtained from
the power supply through resistor R127 for tube V13A
drives it beyond cut-off. An external BFO signal is
applied to the grid of tube V13B through EXT BFO
jack J8 and coupling capacitor C171. Resistor R123 is
used to match the impedance of the coaxial line feeding
the BFO signal into the receiver. The amplified ex-
ternal BFO signal in the plate circuit is directly coupled
to the plate of tube V13A.

(18) BFO BUFFER V12.—The BFO signal from
either section of tube V13 is fed to the grid of BFO
buffer stage V12 through a divider network, consisting
of capacitor C132 and inductor 146 and through a
shielded lead which prevents the BFO signal from
radiating and effecting the IF signal. A variable bias
and degenerative feedback voltage is provided by BFO
INJECTION potentiometer R74. Screen grid voltage is
fed through voltage dropping resistor R100 and filtered
by bypass capacitor C135. The plate of the BFO buffer
tube V12 is coupled directly to the plate of the driver
tube V11, so that both the BFO signal and the IF
signal are applied to the second detector tube V14A.

(19) METER M1.—The meter M1 is used as an in-
dicator of relative RF and AF signal strength. When
METER switch 811 is in the RF position, the meter is
connected across part of voltage divider R65, R69, and
R102 which, along with R62, R63, and R64, form the
second detector tube V14A plate load. The METER
AD]J RF potentiometer RG9 is used to set the meter to
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Figure 2~12. Radio Receiver R~450/FRR-28,
Simplified Schematic of BFO Circuit

read plus 20 db on the RF scale when a ten-microvolt
signal is applied to the receiver.

(200 OUTPUT METER RECTIFIER V15B.—
When switch S11 is in the AF position, the audio
signal from across terminals 1 and 4 of the transformer
T7 secondary is fed through resistors R70 and R101,
rectified in the output meter rectifier stage V15B, and
then applied across meter M1. The METER AD]J AF
potentiometer R101 provides adjustment of the zero db
reading on the AF scale, which is made when the AF
output power applied to the meter is six milliwatts, or
1.9 volts across a 600-ohm load.

(21) POWER SUPPLY V18, V19, AND V20.—
Power is applied to the receiver through plug P1 and
fuse F1 to the primary of power transformer T8. Capaci-
tors C152A and C152B are RF filter capacitors. Trans-
former T8 secondary terminals 13 and 14 apply the
a-c power to the cathode of rectifier tube V19, while
terminals 12 and 10 apply a-c power to the plates.
The center tap, terminal 11, of the secondary winding,
which feeds the plates of tube V19, is grounded
through fuse F2. The rectified positive voltage is fil-
tered by chokes L51 and L52, and capacitors C161A,
C161B and C161C, and regulated by voltage regulator
tube V18. Resistor R85 is a plate load for tube V18. This
circuit provides a regulated positive 150 volts.

Terminals 10 and 12 of transformer T8 also provide
a-c power to the cathodes of the tube V20. The plates
are tied together and the output rectified voltage is
filtered by resistors R90, R91 and R92, and capacitors
C158, C159 and C160. The negative voltage is used for
negative biasing of various tubes in the receiver. Ter-
minals 15 and 16 of transformer T8 provide 6.3 volts
a-c to lamps I1, 12, I3 and 14, to the filaments of tubes
V3, V7, V9, V10, V11, V12, V13, V14, V15, V16, V17
and V20, and to the 6.3 volt connection on terminal
board E19. Terminals 17 and 18 of transformer T8
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provide a 7.5 a-c voltage, which is filtered by capacitors
C156 and C157, and choke L50, to the filaments of tubes
V6 and V8. Terminals 19 and 20 of transformer T8
provide 7.5 volts, filtered by capacitors C153, C154 and
C155, and chokes L48 and L49, to the filaments of tubes
V1, V2, V4 and V5. The 7.5 volts is necessary to com-
pensate for the 1.2 volts loss in each of filter chokes
L48, L49, and L50, and leave 6.3 volts for the tubes.

(22) AUXILIARY EQUIPMENT.—An a-c outlet
is provided for the use of an accessory such as a lamp
or electric clock.

The SEND-REC switch §9 is used to desensitize the
receiver during transmission time by removing plate
and screen voltage from V1 and V2, screen voltage from
V6 and V7, and plate voltage from V8B, but leaves the
power on to provide for instant reception between
transmitting periods. Jack J4 is provided to allow for
remote SEND-REC relay control of the receiver.

4. RADIO FREQUENCY OSCILLATOR O-165/UR.

a. GENERAL.—The Radio Frequency Oscillator
O-165/UR is used, in diversity reception, to supply a
common HFO voitage and a common BFO voltage to
both receivers. In individual receiver operation, the
Oscillator O-165/UR provides a stable and accurate
HFO and BFO voltage to the receiver.

5. BLOCK DIAGRAM DESCRIPTION. (See figure
2-13.)—The variable HF oscillator tube V1 produces a
signal which can be varied in frequency between two
and four megacycles. This signal is fed through buffer
stage V2 to switch S6. One of three crystals in the
crystal oscillator VIOA applies a fixed frequency to
switch S6. The variable frequency signal, or one of the
crystal frequency signals, is fed from switch S6 to the
buffer amplifiers V10B and V12, where it is amplified.
The amplified HF signal is applied to the frequency
multiplier stages V4, V5 and V11. Table 2-3 lists the
output frequency range of each stage of the frequency
multipliers, and of the entire high frequency section of
the Oscillator O-165/UR when switch S7 is turned to
each position.

TABLE 2-3. FREQUENCY RANGE OF FREQUENCY
MULTIPLIER SECTIONS

Position of Output Range Output Range Output Range
Switch $7 and of First Fre- of Second Fre- of Third Fre-
HF Output Freq. | quency Multi- quency Multi- quency Multi-
Range {Mc) plier V4 (Mc) plier V5 (Mc) plier V11 (Mc)
24 24 — —
4-8 4-8 — _
8-16 4-8 8-16 —
16-32 48 8-16 16-32

Oscillator O-165/UR is equipped with a 100 Kc
crystal oscillator calibrator which is used for calibration
of the variable oscillator tube V1 fundamental fre-
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Figure 2—13. Radio Frequency Oscillator O-165/UR, Block Diagram

quency of two to four megacycles. The calibrator pro-
vides heterodyning signals at the twenty main check
points which are spaced at 100 Kc intervals and at the
sub-check points which lie approximately half way
betweert the main check points. Calibration at these
check points is accomplished by zero beating the heter-
odyning signals. Other heterodyning signals are pro-
duced at random frequencies and are not used for
calibration purposes. These signals are considerably
weaker and can be easily distinguished from the main
and sub-check point signals. Calibration curves are pro-
vided which cover the range between each main and
sub-check point.

The calibration frequency is produced and mixed
with the variable oscillator frequency in the calibrator
oscillator-mixer tube V3. The beat frequency output of
tube V3 is amplified in calibrator amplifier tube V6 and
fed to a pair of headphones.

A beat frequency signal is produced in the crystal
BFO stage V9A. This frequency is fed through the
buffer stage V9B to the receiver.

The power supply converts the external available
power to power suitable for use in the RF oscillator.

¢. DETAILED CIRCUIT ANALYSIS. (See figure
7-32.)
(1) VARIABLE OSCILLATOR V1.—The variable

2-14

oscillator is a grounded plate Hartley circuit. The tuned
circuit consists of the main tuning capacitor Cl1, fixed
capacitor C56, trimmer capacitor C2, inductor L3, and
slug-tuned inductor L2. One tap on inductor L3 is con-
nected to the grid of tube V1 through coupling capaci-
tor C3 and grid leak resistor R1. A second tap on induc-
tor L3 is connected to the cathode of grid V1. The plate
voltage is filtered by resistor R2 and capacitor C4. The
ground side of the filament circuit for V1 is connected
to the cathode. The circuit consisting of coil L8 and
capacitor C57 acts as a filter for the filament circuit
to prevent undesirable feedback.

(2) VARIABLE OSCILLATOR BUFFER V2.—
The buffer stage V2 has a high input impedance to
prevent variations of frequency in the oscillator due to
load variations. The oscillator output voltage from the
cathode of tube V1 is applied to the grid of tube V2
through coupling capacitor C5. Capacitors C5 and C30
act as a voltage dividing network for the voltage input
to the buffer. Resistor R3 is a grid leak resistor for tube
V2. The plate voltage is filtered by capacitor C46 and
resistor R4. The output from the cathode of tube V2 is
applied to contact MO of section C of switch S6.

(3) CRYSTAL OSCILLATOR VI10A. (See figure
2-14.)—When the HFO XTAL selector switch S6 is
set into position “17, *2” or “3”, one of the crystals in
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Figure 2-14. Radio Frequency Oscillator O-165/UR,
Simplified Schematic of Crystal HFO Circuit

crystal holders XY15, XY16 and XY17 is placed into
the circuit of tube V10A. The bias is supplied by grid
leak resistor R15. Variable capacitor C6 provides the
grid-to-cathode signal, and is used to vary the crystal
oscillator frequency slightly. Capacitor C25 provides
feedback to the cathode, and capacitor C7 is a d-c block-
ing condenser between the plate and the crystal. The
plate voltage is filtered by resistor R17 and capacitor
C11. The output of the oscillator is applied to contacts

“17, “2” or “3” of section C of the HFO XTAL se-
lector switch S6.

(4) BUFFER AMPLIFIERS V10B AND V12—
The signal from the crystal or variable oscillator is
applied to the grid of buffer amplifier tube V10B
through section C of switch S6 and coupling capacitor
C12. Bias for the tube is supplied by grid leak resistor
R16 and by cathode resistor R59 in parallel with bypass
condenser C50. Plate voltage for tube V10B is fed from
the power supply through the HFO ON-OFF switch
S2, and is filtered by resistor R18 and capacitor C39. The
output of tube V10B is applied to the second buffer am-
plifier V12 through coupling capacitor C61. Bias is
supplied for this tube by cathode bias resistor R29 in
parallel with bypass capacitor C62, and by grid leak
resistor R63. Plate and screen voltages from the power
supply are fed through the HFO-ON-OFF switch S2.
Resistor R61 is the plate load resistor; resistor R62 is
the screen grid voltage-dropping resistor, and capacitor
C63 is the screen grid bypass. The output of the second
buffer amplifier is applied to the frequency multipliers.

(5) FREQUENCY MULTIPLIERS V4, V5
AND V11,

() GENERAL.—Since the frequencies of the
HF wvariable and crystal oscillators are between two
and four megacycles, it is necessary to use frequency
doubler stages V4, V5 and V11 to provide the entire
frequency range of the unit. Each frequency doubler
stage is an amplifier whose output is tuned to twice the
input frequency to the grid.

(b) 2-4 MEGACYCLES. (See figure 2-15.)—
FREQUENCY RANGE switch S7 is set to “2—4” mega-
cycles. The output of the second buffer amplifier is fed
to the grid of the first frequency multiplier tube V4
through coupling capacitor C23. Bias for the tube is

c23
100 puf
| {
I
FROM TUBE
vi2

NOTE: ALL RESISTANCES IN OHMS
UNLESS OTHERWISE INDICATED

L4
}{i OUTPUT

B+

Figure 2-15. Radio Frequency Oscillator O—-165/UR, Simplified Schematic,
FREQUENCY RANGE MC Switch in “2—4"" Position
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supplied by cathode resistor R21 in parallel with bypass
capacitor C20, and by grid leak resistor R23. The screen
grid voltage from the power supply is fed through
resistor R53, HFO OUTPUT potentiometer R25, and
resistor R20. Resistor R46 is a screen bleeder resistor.
Capacitor C21 is the screen bypass. Plate voltage is
applied from the power supply through the primary
winding of inductor L4, and is filtered by resistor R19
and capacitor C22. Capacitor C64 is a d-c blocking
capacitor for the OUTPUT FREQUENCY capacitor
C24A, and the trimmer capacitor C36. The tank circuit,
which is tuned to the fundamental HF oscillator fre-
quency, consists of inductor L4 and capacitors C36, C64,
C24A, and C22. The secondary of inductor L4 supplies
the two to four megacycle signal to the output con-
nectors. The screen of tube V5 is connected to ground
through resistor R24 and switch S7C, and the screen of
tube V11 is disconnected, causing both tubes to become
inoperative.

(¢) -8 MEGACYCLES. (See figure 2-16.)—
FREQUENCY RANGE switch S7 is set to “4-8" mega-
cycles. The cathode, grid, and screen connections for
tube V4 are the same in operation of four to eight mega-
cycles as in two to four megacycles. The plate voltage
is filtered by resistor R54 and capacitor C38. The plate
voltage from the power supply is fed through the
primary of inductor L5. Capacitor C64 is a d-c blocking
capacitor. The tuned circuit, consisting of the primary
of inductor L5, main tuning capacitor C24A, trimmer
capacitor C36, C64, and C38 is tuned to twice the
frequency of the signal applied to the grid of tube V4.
The secondary of inductor L5 applies the four to eight
megacycle voltage to the Oscillator O-165/UR output.
Tubes V5 and V11 are inoperative.
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(d) 8-16 MEGACYCLES. (See figure 2-17.)—
FREQUENCY RANGE switch S7 is set to “8~16" mega-
cycles. The grid, cathode, and plate connections of
tube V4 are the same as in “4-8" megacycle operation.
The screen grid voltage is applied through resistors
R53, R25, R46 and R20. The plate of tube V4 feeds the
four to eight megacycle signal to the grid of tube V5
through coupling capacitor C26. Bias for tube V35 is
provided by grid leak resistor R27, and by cathode
resistor R55 in parallel with capacitor CI5. Screen
voltage is applied through resistors R24, R25 and R53,
and is filtered by capacitor C29. Capacitor C65 provides
a d-c block to main tuning capacitor C24B and trimmer
capacitor C35. Plate voltage, which is filtered by resistor
R30 and capacitor C27, is fed through the primary
of inductor L6. The resonant plate circuit, consisting
of capacitors C24B, C35, C65, and C27, and the primary
of inductor L6, is tuned to twice the frequency supplied
to the grid of tube V5. The doubled frequency is fed
to the output connectors from the secondary of inductor
L6, and is also applied to the grid of tube V11. How-
ever, tube V11 is inoperative because the screen grid
is disconnected.

(e) 16-32 MEGACYCLES. (See figure 2-18.)—
FREQUENCY RANGE switch S7 is set to “16-32”
megacycles. The connections to tubes V4 and V5 are
the same as in “8-16" megacycle operation. The out-
put from the plate of tube V5 is applied to the grid of
tube V11 through coupling capacitor C28. Bias for tube
V11 is supplied by grid leak resistor R28, and by
cathode resistor R56 in parallel with capacitor C33.
Resistor R49 acts as a parasitic suppressor. Screen volt-
age is applied through resistors R26, R25 and R53, and
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Figure 2-16. Radio Frequency Oscillator O—165/UR, Simplified Schematic,
FREQUENCY RANGE MC Swiich in *‘4—8"" Position
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Figure 2—-17. Radio Frequency Oscillator O—165/UR, Simplified Schematic,
FREQUENCY RANGE MC Switch in “8—16" Position

is filtered by capacitor C32. Capacitor C66 blocks the
plate voltage from main tuning capacitor C24 and
trimmer C34. Plate voltage is filtered by resistor R36
and capacitor C31. The tuned plate circuit, consisting
of capacitors C34, C24C, C66, and C31, and the primary
of inductor L7, is tuned to twice the frequency of the
signal applied to the grid of V11. The doubled fre-
quency is applied to the output connectors from induc-
tor L7 secondary.

(6) CRYSTAL BEAT FREQUENCY OSCILLA-
TOR V9A. (See figure 2-19.)—One of the crystals is
placed into the beat-frequency oscillator circuit by
switch S8. Plate voltage from the power supply is fed
through meter shunt resistor R34, BFO ON-OFF switch
83, and plate load resistor R37. The plate voltage is
filtered by resistor R40 and capacitor C53. Capacitor
C55 feeds part of the signal from plate to ground, while
capacitor C37 provides the grid excitation. Bias is sup-
plied by grid leak resistor R35. The beat-frequency
signal is applied from the plate of tube V9A to the grid
of tube V9B through coupling capacitor C52.

(7) BFO BUFFER V9B.—The buffer V9B, for the
beat-frequency oscillator, offers a high impedance to
the oscillator. This prevents load effects from varying
the oscillator frequency. The oscillator signal is applied
to the buffer tube V9B grid. Bias is provided by grid

ORIGINAL

leak resistor R22. Plate voltage is filtered by resistor
R39 and capacitor C51. The cathode load is poten-
tiometer R38. The BFO output amplitude to jacks J9,
J10 and J11 is varied by the arm of potentiometer R38.

(8) CRYSTAL CALIBRATION OSCILLATOR
MIXER V3. (See figure 2-20.)—A 100 kilocycle crystal
oscillator is used to calibrate the variable oscillator
frequency.

Crystal Y1 is connected between the first grid, which
is the oscillator grid, and the fourth grid of tube V3,
which is the oscillator anode Capacitor Cl17 provides
feedback to the cathodes, Capacitors C16 and C49 pro-
vide the grid excitation. Bias for the oscillator is pro-
vided by grid leak resistor R8 and by cathode resistor
R7 in parallel with capacitor C18.

The outpur of the variable oscillator buffer stage V2
is applied to the third grid of tube V3 through coupling
capacitor C9. The crystal calibration frequency and
the variable oscillator frequency are mixed in tube V3
to produce a different beat signal. Bias for the variable
oscillator signal is provided by grid leak resistor R6 and
by cathode resistor R7, in parallel with the bypass
capacitor C18. Tube V3 plate voltage is filtered by
resistor R50 and capacitors C13 and C40. The plate
load is resistor R48. The output of tube V3 is applied
to the calibrator amplifier V6.
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Figure 2—-19. Radio Frequency Oscillator O-165/UR,
Simplified Schematic of Crystal BFO Circuit

(9) CALIBRATOR AMPLIFIER V6.—The beat
signal output is fed from the plate of tube V3 to the
grid of tube V6 through coupling capacitor C19 and
CAL OUTPUT potentiometer R42. Bias is supplied by

J— c17 —-ca0
—

ca9
- ] R8
I 5-50pp ‘ 100K

unbypassed cathode resistor R43. Plate voltage is ap-
plied through load resistor R44. The amplified signal is
fed from the plate of tube V6 to a parallel connection
of CAL OUTPUT jack J6 and resistor R45 through
coupling capacitor C41.

(10) POWER SUPPLY V8§ AND V9.—The ex-
ternal a-c power is applied through jacks J1 and J12,
plugs P1 and P12, fuses F1 and F2 and POWER switch
S1 to the primary of transformer T1. The secondary
winding terminals 7 and 8 supply filament voltage for
all the tubes in the RF oscillator, and for pilot light 11,
which is in series with R4I1. ’

Since the pilot light circuit is in parallel with the
filament line, resistor R41 serves to limit the current
in the light I1 circuit. Secondary winding terminals 9
and 11 are connected across the plate of full-wave recti-
fier tube V8, and terminals 5 and 6 are connected across
the filament of the tube. The rectified voltage output
of tube V8 is filtered by capacitors C44, C45 and C47,
and choke L1. For stable voltage from the power supply,
voltage regulator tube V7 is provided. The plate load
is resistor R47. Plate and screen voltages are supplied
from this regulated voltage.

(11) METER MI1.-METER SELECTOR switch S5
is used to connect the meter into various circuits. Table
2-4 gives the meter readings at each setting of the
switch S5,

cio
Ol uf
1
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R42 10
" 510Kk S<e»AUDIO
AMPLIFIER
JI( > FROM V2
c9
5 ppf

47K
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Figure 2-20. Radio Frequency Oscillator O—165/UR, Simplified Schemaﬂc
of Calibrator Oscillator-Mixer
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Figure 2-21. Radio Frequency Oscillator O-165/UR, Simplified Schematic,
Temperature Control Circuif

TABLE 2-4. METER READINGS FOR VARIOUS
POSITIONS OF SWITCH S5

POSITION OF
SWITCHES METER READING
HFO Plate current of variable oscillator tube
V1.
BFO Plate current of beat frequency oscilla-

lator tube V9A,

HF OUT | Rectified high frequency output signal |
current.

BF OUT | Rectified beat frequency output signal
current.

Since the HFO and BFO outputs are ac, they can-
not be read directly on the d-c meter, making it neces-
sary to rectify the a-c outputs. The HFO output is
applied to crystal rectifier CR1 through coupling
capacitor C8. The meter is shunted by resistor R31.
The rectified output of the crystal is filtered by ca-
pacitor C43 and then applied to the meter. The BFO
output is applied through coupling capacitor C10 to

2-20

crystal rectifier CR2 and shunt resistor R32. The
rectified output of crystal CR2 is filtered by capacitor
C48 and then applied to the meter.

(12) TEMPERATURE CONTROL. (See figure
2-21.)—Three ovens in RF Oscillator O-165/UR are
provided to control the temperature. The ovens con-
trol the temperature of the variable oscillator V1,
buffer tube V2, and the calibrator oscillator mixer
tube V3. Power is applied to the inner and middle
ovens from the POWER switch S1. The outer oven
consists of insulation only and uses no power.

When the temperature of the middle oven goes
below 60°C. (140°F.) thermostat M2 opens and relay
K1 is energized. Pilot light 12, in series with resistor
R52, middle oven heater resistors R11, R12, R13 and
R14, and inner oven resistors R5, R57, R65, and R66
are connected into the circuit. Resistors R58 and RG4
are added to drop the voltage to the inner oven
resistors when operating from a 220 volt source.

When the temperature of the middle oven goes
above G0°C. (140°F.), the main thermostat M2 closes.
This shorts out relay K1, causing it to be de-energized.
No current flows through the heater resistors of both
ovens or the OVEN HEATER pilot light I2.
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Thermostat 89 is provided to prevent overheating
of Oscillator O-165/UR when thermostat M2 or relay
K1 fails to function. Thermostat S9 opens the circuit
at a slightly higher temperature than thermostat M2.

5. AMPLIFIER-DETECTOR AM-615/UR.

2. GENERAL.—The Amplifier-Detector AM-615/
UR is used in the Radio Receiving set AN/FRR~-28 to
monitor the IF frequency of each receiver. It is par-
ticularly useful in tuning the receivers to the input
frequencies.

b. BLOCK DIAGRAM DESCRIPTION. (See figure
2-22.)—The IF signal from one of the receivers is am-
plified in the input amplifier stage V1 of Amplifier-
Detector AM-615/UR. An IF signal is locally produced
and mixed with the amplified IF signal in the oscillator
and mixer stage V2. The audio beat frequency tone,
which is formed in tube V2, is amplified in the output
amplifier stage V4 and fed to a pair of headphones for
monitoring purposes. The power supply converts the
available power to suitable power for use in Amplifier-
Detector AM-615/UR.

¢. DETAILED CIRCUIT ANALYSIS. (See figure
7-33.)

(1) INPUT AMPLIFIER STAGE V1.—The 455
kilocycle IF signal from each receiver is applied to the
Amplifier-Detector AM-615/UR jacks ]2 and J4. One
of the two input signals is switched into the monitor
circuit by setting the INPUT SELECTOR switch S2
to “CH 1” or “CH 2”. This sample IF frequency is fed
through coupling capacitor C7 to the grid of the input
amplifier tube V1. Stage V1 is an untuned voltage am-
plifier. Grid leak bias is provided by resistor R1, ahd
cathode bias is provided by resistor R2 in parallel with
bypass capacitor C1. The plate and screen voltages are
filtered by resistor R7 and capacitor C3. Plate voltage
is applied through load resistor R4, and screen voltage
is applied through divider resistors R3 and R19. Ca-
pacitor C2 is the screen bypass capacitor. The amplified
IF signal is fed from the output of stage V1, through
coupling capacitor C4, to the oscillator mixer tube V2.
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(2) OSCILLATOR-MIXER STAGE V2. (See figure
2-23.)—The oscillator-mixer is a pentagrid tube in
which a local oscillator frequency is produced and
mixed with the IF frequency to form an audio beat
note.

The local IF signal is produced in a tuned grid, plate
tickler oscillator circuit. The tuned circuit, consisting
of capacitors C22, C23 and C24, and the primary of
transformer T2, is connected between ground and pin 5
of tube V2. The feedback signal, necessary to maintain
oscillation, is fed to the secondary of transformer T2
from pin 4 of tube V2. The voltage to pin 4 is filtered
by capacitor C11 and resistor R16.

The signal from tube V1 is applied to pin 8§ of
tube V2. Grid leak resistor R5 provides grid bias.
Cathode bias is provided by resistor R6 in parallel with
bypass capacitor CG. Plate voltage, which is filtered by
resistor R8 and capacitor Cl4, is fed through load
resistor R9. The IF signal is mixed with the local oscil-
lator signal to produce audio beat frequency at the
plate output. The audio frequency is passed through an
RF filter, consisting of choke L2 and capacitors C12 and
C21, and through coupling capacitor C13 to the output
amplifier V4.

(3) OUTPUT AMPLIFIER V4.—The amplitude
of the audio beat frequency applied to the output am-
plifier V4 is varied by the OUTPUT LEVEL poten-
tiometer R11. Bias for the tube is supplied by cathode
resistor R12. The amplified audio signal is fed through
coupling capacitor C17 to a parallel connection of ter-
minal board E1, OUTPUT MONITOR jack J1, and
resistor R17. The output signal is about five volts ac
across 4,000 ohm headphones.

(4) POWER SUPPLY V3 AND V5.—The pri-
mary of transformer T1 is connected to either a 110 or
220 volt a-c source. There are three secondary windings
on the transformer. Terminals 5 and 7 provide 6.3
volts to the filaments of tubes V1, V2 and V4. Ter-
minals 9 and 11 are connected to the plates of tube V3,
and terminals 8 and 12 are connected to the cathodes
of tube V3. The a-c voltage is rectified in tube V3 and

OSCILLATOR
IF AM;{’T}__’;{ER AMPLIFIED AND AUDIO BEAT | AggIrFL:‘T_:R AUDIO
SIGNAL IF SIGNAL MIXER FREQUENCY OUTPUT
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RECEIVER HEADPHONES

110/220 VOLTS AC
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SUPPLY
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Figure 2—-22. Amplifier-Detector AM—615/UR, Block Diagram
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Figure 2—23. Amplifier-Detector AM—615/UR,
Simplified Schematic, Oscillator-Mixer Circuif

filtered by capacitors C18, C19 and C20, and by chokes
L1 and 12. The rectified voltage is regulated by tube V5
whose plate load is resistor R14.

6. KEYER KY-79/UR.

a. GENERAL.—The Keyer KY-79/UR provides a
keyed audio tone of a selected frequency for use in a
circuit external to the receiving set. The keying signal
supplied to Keyer KY-79/UR is combined with a lo-
cally produced tone to form a tone signal which is
keyed on and off. The keyed tone signal is used for
remote keying of a radio transmitter or teletypewriter,
and for monitoring purposes.
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b. BLOCK DIAGRAM DESCRIPTION. (See figure
2-24.)—The keying input signal is applied to the keyer
circuit, consisting of tubes V6, V7, V10 and V11, where
it is converted to suitable keying control voltage for
the output stage. The control voltage is amplified in the
keying amplifier tube V5, and fed to the output ampli-
fier stage V4. An audio tone produced in the oscillator
tubes V1 and V2 is also applied to the output amplifier
stage V4. The keying control voltage keys the audio
tone in tube V4 on and off. The power supply converts
the available electrical power to power suitable for use
in Keyer KY-79/UR.

¢. DETAILED CIRCUIT ANALYSIS. (See figure
7-34.)

(1) KEYING CIRCUIT V6, V7,V10 AND V11.—
Four different types of keying signals can be applied to
Keyer KY-79/UR to key the tone signal: positive polar
keying, in which a positive voltage is applied to rep-
resent the mark condition and zero voltage to represent
the space condition; negative polar keying, in which a
negative voltage is applied to represent the mark condi-
tion and zero voltage to represent the space condition;
keyed tome, in which an audio frequency voltage is
applied to represent the mark condition and no signal
to represent the space condition; polar relay keying,
in which a single-pole double-throw relay is connected
to ground one terminal to represent the mark condi-
tion, and to ground a second terminal to represent the
space condition. Since the keying circuit functions
differently for each type of keying signal, they are
discussed separately.

(#) POSITIVE POLAR KEYING. (See figure
2-25.)—When a positive polar keying signal is applied
to Keyer KY-79/UR, KEYING LEVEL switch S2 is set
to the DC -+ position.

Plate voltage is applied to tube V6A through plate
load resistor R44 and voltage divider resistors R39 and
R40. Resistor R48 limits the grid current and resistor
R49 is a grid leak. Cathode bias is applied through
voltage divider resistors R56 and R47.

When no signal is applied to the grid, no plate
current will flow in tube V6A since the tube is normally
cut-off. Current flowing through the circuit, consisting
of neon tube V10 and resistors R40, R44 and R41, will
drive the grid of V5 positive.

When a keying signal is impressed on the grid of
tube V6, plate current flows through resistors R40 and
R44. The voltage drop in these two resistors reduce the
voltage across neon tube V10 sufficiently to extinguish
it. When tube V10 is not conducting, the grid of tube
V5 is at zero potential.

When no signal is impressed on Keyer KY-79/UR, a
positive voltage is applied to the grid of tube V5 from
the keying circuit. When signal is impressed on Keyer
KY-79/UR, no grid voltage is applied to tube V5.

(b) NEGATIVE POLAR KEYING. (See figure
2-26.)—KEYING LEVEL switch S2 is turned to the
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Figure 2-24. Keyer KY-79/UR, Block Diagram

DC — position when a negative polar keying signal is
being received by Keyer KY-79/UR.

Plate voltage for both sections of tube V6 is supplied
from divider resistors R39, and R40, through plate load
resistor R44 to the plate of tube VG6A, and through
plate load resistor R45 to the plate of tube VG6B.
Resistor R48 limits the grid current, and resistor R49
is a grid leak bias resistor for tube VG6A. The cathode
of tube VG6A is connected directly to ground through
switch S$2B. Cathode bias for tube V6B is supplied from
voltage divider resistors R51 and R52.

When no keying signal is applied to the grid of
tube VGA, the tube conducts and plate current flows
through resistors R44 and R40. Due to the voltage
drop in these resistors, no current flows in tube V10.
Since tube V6B is biased beyond cut-off by resistors
R51 and R52 when no positive voltage is applied to
its grid, it will not conduct. The current flowing
through resistors R40, R45 and R42, and neon tube

V11, causes the grid of tube V5 to become positive.

When a negative keying signal is applied to the
grid of tube V6A, the tube stops conducting. Current
flows through resistors R40, R44 and R41, and neon
tube V10, causing the grid of tube V6B to become posi-
tive. The plate current of tube V6B flowing through
resistors R45 and R40 causes tube V11 to cut off:
The positive voltage to the grid of tube V5 is thereby
removed.

When no keying signal is applied to Keyer KY-—
79/UR, a positive voltage is applied to the grid of tube
V5. When a negative signal is applied to Keyer KY~
79/UR, no voltage is applied to the grid of tube VS5,

(¢) KEYED TONE. (See figure 2-27.)—When
a keyed tone signal is applied to Keyer KY~-79/UR,
the KEYING LEVEL switch S2 is turned to the TONE
position.

When a tone signal is fed into the primary of trans-
former T3, the secondary output is rectified in tube

i V6A
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P m TO PIN S

Qlj > oF v5
VIO
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R44 R4
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Figure 2-25. Keyer KY-79/UR, Simplified Schematic, Positive Polar Keying
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Figure 2-26. Keyer KY-79/UR, Simplified Schematic, Negative Polar Keying

V7. Resistor R32 is the plate load of tube V7. The
rectified tone is filtered by capacitor C13 and applied
to the grid of tube VGA through current limiting
resistor R48. The grid input is sufficient to overcome
the cut-off bias from grid leak resistor R26, and cathode
resistor R47, to cause tube VGA to conduct. The voltage
drop in resistors R44 and R40, due to the plate current
of tube VGA, extinguishes tube V10. When tube V10
does not conduct, the voltage drop across R41 and the
grid potential of tube V5 becomes zero.

When the keyed tone input signal is off, no voltage
is applied to the grid of tube V6A and it will not con-
duct. Current flows through resistors R40, R44 and
R41, and neon tube V10, causing the grid of tube
V5 to become positive.

When a keyed tone signal is applied to Keyer KY-
79/UR, no grid voltage is applied to tube V5, and
when no signal is applied, a positive voltage is applied
to the grid of V5.

(d) POLAR RELAY  KEYING. (See figure
2-28.)—When polar relay keying mark and space
signals are applied to Keyer KY-79/UR, the KEYING
LEVEL switch S2 is turned to the RELAY position.

When a mark signal is applied to Keyer KY-79/UR,
the grid of tube V5 is grounded through the external
relay and terminals DC and G of terminal board El.
Tubes V6A, V6B, V10, and V11 are normally used to
control the grid potential of tube V5. These tubes have
no effect on the operation of tube V5 when a polar
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relay mark signal is received since the grid of tube V5
is alréady grounded.

When a space signal is applied to Keyer KY-79/UR,
the grid of tube V6B is connected to ground through
resistor R54, the external relay, and terminals 1 and 2
of terminal board E1. When the grid of tube V6B is
grounded, it will not conduct since it is biased beyond
cut-off. The current lowing through resistors R40, R42
and R45, and neon tube V11, produces a positive volt-
age on the grid of tube V5. Tubes V6A and V10, which
normally establish the grid potential of tube V6B, have
no effect on the circuit operation because the grid of
tube V6B is already grounded.

When a mark signal is applied to Keyer KY-79/UR,
the grid of tube V5 is at zero potential, and when a
space signal is applied, the grid of tube V5 is positive.

(2) KEYING AMPLIFIER V5. (See figure 2-29.)
—The keying amplifier tube V5 applies the keying
signal to the output amplifier tube V4, by driving the
output amplifier beyond cut-off when a space signal
is applied to Keyer KY-79/UR.

When a mark signal is applied to Keyer KY-79/UR,
the grid of tube V5 is at zero potential. Since tube V5
is biased beyond cut-off, no plate voltage will flow
through cathode resistor R37. Tube V4, which is nor-
mally conducting, will provide an audio tone to the
Keyer KY-79/UR output.

When a space signal is applied to Keyer KY-79/UR,
the grid of tube V5 is driven sufficiently positive to
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Figure 2-27. Keyer KY-79/UR, Simplified Schematic, Keyed Tone Input.

cause it to conduct. The plate current of tube V5
produces a voltage drop in common cathode resistor
R37, causing the cathode of tube V4 to become positive.
Tube V4 stops conducting, and no audio tone is pro-
vided to the Keyer KY-79/UR output.

(3) OSCILLATOR V1 AND V2. (See figure 2-30.)
—The Keyer KY-79/UR audio oscillator is of the
Wien-bridge type. This oscillator has excellent fre-
quency stability, and produces almost a pure sine
wave output whose amplitude is nearly constant over

a wide frequency range.

A simplified schematic of the Wien-bridge oscillator
used at a frequency of 2125 cps is shown in figure 2-30.
The oscillator contains tubes V1 and V2. Tube V1 is
the oscillator stage, and tube V2 provides the amplified
and inverted voltage used in the bridge feedback net-
work. If the bridge network was not in the circuit,
the feedback voltage from tube V1 to tube V2 would
reinforce the initial signal appearing at the grid of
tube V1, and cause oscillations to be set up and main-
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Figure 2-28. Keyer KY-79/UR, Simplified Schematic, Polar Relay Keying
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Figure 2-29. Keyer KY-79/UR, Simplified Schematic, Keying Amplifier and Keyed Audio Ouiput Amplifier

tained. The bridge network provides de-generation
and phase-shift, which allows the voltage of only one
frequency to be effective in the oscillator. Oscillations
only occur at the frequency fc, which permits the
voltage across resistor R12, which is the input signal
to tube V1, to be in phase with the output of tube V2,
and for which the positive feedback voltage exceeds
the negative feedback voltage.

A degenerative feedback voltage is provided in the
bridge network by the voltage divider, consisting of
resistors R50, R28, R14 and R15. Since the resistance
is practically constant for all frequencies, the negative
feedhack voltage is constant for all frequencies, and
there is no phase-shift caused by the resistors. The
curve of the negative feedback is plotted in figure 2-30.

A positive feedback voltage is provided in the bridge
network by the voltage divider, consisting of resistors
R6 and R12, and capacitors Cl, C2, and C23. At very
high frequencies, capacitors C2 and C23 have almost no
reactance, and thé voltage between the grid of tube
V1 and ground is almost zero. When the frequency is
reduced toward zero, the reactance of capacitor C1 be-
comes very high thus reducing the feedback voltage
available at the grid of tube V1, causing the grid to
operate at close to zero potential.

At intermediate frequencies, positive feedback volt-
age is present. As shown in figure 2-30, the curve of
the positive feedback is rather flat in the vicinity of fre-
quency fc and slopes down at low and high frequencies.

The phase-shift effects of the positive feedback net-
work, as shown in figure 2-30, can be seen by con-
sidering the capacitive reactance as the frequency
varies. At very low frequencies the capacitive re-
actance is very high and the feedback circuit can be
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assumed to be composed of capacitor Cl in series with
the feedback voltage and resistor R12 in parallel. This
results in a 90 degree leading voltage at the grid of
tube V1. At very high frequencies the capacitive re-
actance is very low and the feedback circuit can be
assumed to consist of resistor RO in series with the
feedback voltage and capacitors C2 and C23 in parallel.
This results in a 90 degree lagging voltage at the grid
of tube V1. At intermediate frequencies all of the
positive feedback components have an effect on the
circuit and the phase-shift angle varies from the ex-
tremes until, at frequency fc, the leading and lagging
effects balance each other, and the voltage at the grid
of tube V1 is in phase with the output voltage of
tube V2.

Resistors R14 and R15 are lamps which are used as
cathode resistors of tube V1 to stabilize the oscilla-
tion amplitude. When the amplitude of oscillation
increases, the current through the lamps increase. This
causes the lamp filaments to get hotter, which increases
the resistance of the lamps and the amplitude of the
negative feedback voltage. The additional degeneration
reduces the gain of tube V1, causing the amplitude of
oscillation to remain almost constant. Since the wave-
form of the oscillator output 1s sinusoidal only at a
small amplitude, the lamps prevent distortion of the
waveform of the output audio tone.

Referring to the overall schematic, figure 7-34, the
OUTPUT FREQUENCY selector switch S5 varies the
oscillator frequency by varying the positive feedback
voltage. The positive feedback voltage is fed through
the voltage divider, consisting of capacitors Cl1 and C2,
one resistor of resistors R1 through R6, one capacitor
of capacitors C18 through C23, and one resistor of
resistors R7 through R12. The plate voltage of tube V2
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Figure 2-30. Keyer KY-79/UR, Simplified Schematic, Wien-Bridge Oscillator Circuit and Curves

is applied to both feedback networks through capacitor
C6. The plate of tube V1 is coupled to the grid of
tube V2 through capacitor C3. Plate voltage from the
power supply is filtered by capacitor C4 and resistor
R19 for tube V1, and by capacitor C5 and resistor R25
for tube V2. It is fed through load resistor R18 to the
plate of tube V1, and through load resistor R24 to the
plate of tube V2. Screen voltage for tube V1 is applied
through voltage divider resistors R16 and R17, and
screen voltage for tube V2 is applied through voltage
divider resistors R22 and R23. Bias for tube V2 is pro-
vided by grid leak resistor R20 and cathode resistors
R55 and R21.

When an external source of tone is provided, the
link on terminal board E2 is removed, and the external
signal is applied between ground and the center ter-
minal of the terminal board. Tube V2 amplifies the

ORIGINAL

external signal, and tube V1 output is removed from
the circuit.

The tone signal is applied to both grids of tube V4
from tube V2. The amplitude of the signal applied
to tube V4A, from the arm of plate load potentiometer
R24, is adjustable to provide means of balancing the
two input signals to tube V4.

(4) KEYED AUDIO OUTPUT AMPLIFIER V4.
(See figure 2-29.)—The output amplifier is a push-pull
class A amplifier. Audio signals from tube V2 are fed
through potentiometer R24 and coupling capacitor C9
to the grid of tube V4A, and through the connection
of resistors R21 and R55 to the grid of tube V4B. Grid
and cathode biasing are used in both sections of the
tube. Voltage divider resistors R31 and R36 apply grid
bias to tube V4A through resistor R34, and to tube
V4B through resistor R35. Cathode bias for both sec-
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tions of tube V4, and for tube V35, is supplied by re-
sistor R37. The variations in the bias of tube V4 due
to the keying signal’s effect on the operation of tube V5
are described in paragraph 6¢(2). The amount of
cathode bias provided to each section of tube V4 is ad-
justed by means of balance control potentiometer
R27. The plate voltages are filtered by capacitor C42
and resistor R38, and fed to the plates of tube V4
through the primary winding of transformer T2.

The keyed audio tone output of tube V4 is fed
through transformer T2 to a parallel connection of an
attenuator, which controls the output at terminal board
E3, monitoring jack J2, and meter MI1.

(5) POWER SUPPLY V8.—External a-c power is
applied to the Keyer KY-79/UR transformer T1 pri-
mary. The transformer connections are shown for both
110 and 220 volts. The pilot light 11, and the heaters
of tubes V1, V2, V4, V5, V6 and V7, are supplied with
6.3 volts from terminals 5 and 7 of the secondary of
transformer T1. The plates of rectifier tube V8 are con-
nected to terminals 9 and 11, and the cathodes are con-
nected to terminals 8 and 12. The filter network for the
rectified voltage consists of capacitors C7, C16 and C17,
and chokes L1 and L2.
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7. LOUDSPEAKER LS-187/UR.
(See figure 7-35.)

The Loudspeaker LS-187/UR input is designed to
receive audio signals from a 600-ohm source. The sig-
nal is connected across the terminals of terminal board
El, and then fed to a combination of resistors R1, R2
and R3, which form a balanced H-pad attenuator. The
signal output of the attenuator is fed to primary ter-
minals 6 and 7 of audio transformer T1. The signal is
inductively coupled to the secondary of transformer
T1, and from terminals 1 and 4 of this transformer the
signal is applied across the speaker.

8. COMMUNICATION PATCHING PANEL
SB-224/UR.
(See figure 7-36.)

The Communication Patching Panel SB-224/UR
is provided in Radio Receiving Set AN/FRR-28 for
simplifying inter-unit connections. The important in-
puts and outputs of all units that require connection
changes when switching from one mode of operation to
another, are permanently connected to the rear of the
patching panel. Patch cords are provided to inter-
connect these units in the front of the patching panel.
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SECTION 3
INSTALLATION

1. UNPACKING.

CAUTION

The equipment is supplied with the electron
tubes in place. It is therefore very important
that all mechanical shocks be avoided when
unpacking and installing equipment to pre-
vent damage to any parts.

The following special precautions should be ob-
served:

Keep boxes and crates containing equipment in an
upright position at all times.

Remove at least three sides of the boxes or crates
with a nail puller. Do not use a hammer or pinch bar
for this purpose.

Radio Receiving Set AN/FRR~-28 is shipped in five
cases, excluding the spare parts, as follows:

a. 1 Relay Rack Cabinet CY--597A/G including:
1 Loudspeaker LS-187/UR
1 Communication Patching Panel SB-224/UR
6 Audio patch cords, W5-1 through W5-6
9 Coaxial cables, W12-2 through W12-10
1 Power cable for converter-comparator group,
W1i2-1
Utility servicing cable, W12-14
Service lamp
Front panel chrome trim strips
Set blank panels
Can touch-up paint
Miscellaneous hardware

b. 1 Radio Receiver R—450/FRR~28. (Number 1.)

¢. 1 Radio Receiver R—450/FRR-28. (Number 2.)

d. 1 Radio Frequency Oscillator O-165/UR, with
power cable W3-11.

e. 1 Amplifier-Detector AM-615/UR and 1 Keyer
KY-79/UR, with power cables W9-12 and W10-13.

2. INSTALLATION.

a. GENERAL.—In selecting a location for the
equipment, consideration should be given to the avail-
ability and accessibility of two good antennas, a suit-
able base and ground circuit for the system, and
minimum working space of four feet in front and
two feet in the rear of the rack. Additional working
space is desirable.

ORIGINAL
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b. INSTALLATION OF RELAY RACK CABINET
CY-597A/G. (See figure 3-8.)—Remove the relay
rack from its crate and set up in the operating loca-
tion. Bolt the rack to the base with the lag screws and
expansion shields provided in the rack crate. The
power cable is usually brought in from the bottom
of the rack, but it may also come in from the top
through the channel provided, or through one of the
sides. The installation drawing in figure 3-8 indicates
the work necessary on the mounting base; this illus-
tration alsc shows the wiring to Switch Panel SA-
238/G.

¢. INSTALLATION OF EQUIPMENT IN RACK.
~—Remove all units from packing cases and carefully
inspect for broken, loose, or damaged tubes, sockets,
switches, fuses, and wiring. Check to see that all con-
trols move freely. Repair or replace all damaged parts.

CAUTION

The following procedure involves lifting of
the units to place into the rack. Some of the
units are heavy and require two men to lift
in order to avoid possible injury to personnel
and/or damage to the equipment.

Figures 3-8 through 3-14, which are outline draw-
ings of the various units, are provided as aids in in-
stalling the equipment in the relay rack cabinet.

Mount each unit into its position, according to
figure 1-1, by bolting the front panel of each unit to
the rack with the one-inch 10 x 32 screws provided.
Special type washers are used on every fourth mount-
ing screw. These washers are rectangular and have
raised lips on two sides which serve as clips for the
chrome plated trim strips that are used to cover the
rows of mounting screws.

Note
The two Radio Receiver R—450/FRR-28 units
are identical and therefore their positions in
the relay rack cabinet are interchangeable.

If Converter-Comparator Group AN/URA-6 or any
other converter-comparator group is employed, install
in the available space in the relay rack in accordance
with instructions in the pertinent manual.

Install front panel trim strips.
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INSTALLATION

d. ADDITION OF FILTER Z1 TO RADIO RE-
CEIVER R—450/FRR-28.—When Converter-Compara-
tor Group AN/URA-6 is used with Radio Receiving
Set AN/FRR-28, it may be desirable to add the IF
filter Z1 to the receiver under adverse signal-to-noise
conditions. A bracket for the filter is mounted on the
receiver, as shown in figures 7-2 and 7-3. Jack J10,
coupling capacitor C176, and the coaxial lead from
tube V16 are provided in the receiver. Filter Z1 is
part of Receiver Coupling kit, Type 10563, supplied
with Converter-Comparator Group AN/URA-6.

To install filter Z1, unsolder coaxial lead from jack
J10, and solder filter connections to the coaxial lead
and jack J10.

e. CONVERSION TO 220-VOLT OPERATION.—
The various units of Radio Set AN/FRR-28 are nor-
mally connected for nominal 110-volt operation except
for Radio Receiver R—450/FRR-28, which is normally
connected for nominal 117-volt operation. In order
to operate the units from a 220-volt source of power,
it is necessary to rearrange the power transformer con-
nections in Radio Receiver R~450/FRR-28, RF Oscil-
lator O-165/UR, Keyer KY-79/UR, and Amplifier-
Detector AM-615/UR.

(1) The change necessary for Radio Receiver
R~-450/FRR-28 is indicated on the schematic diagram,
figure 7-30, the wiring diagram, figure 7-37, and the
location of the power transformer T8 is shown in fig-
ure 7-3.

(2) The RF Oscillator O-165/UR power trans-
former T1 must be re-connected as shown in the
schematic diagram, figure 7-32, and the short across
resistors R58 and R64 must be removed. The location
of transformer T1 is shown in figure 7-9, and resistors
R58 and R64 are on terminal board E3, shown in
figure 7-10.

(3) The circuit changes necessary for Keyer KY—
79/UR are indicated on the schematic diagram, figure
7-34. The location of power transformer T1 is shown
in figure 7-20.

(4) The connections of power transformer T1
for Amplifier-Detector AM-~615/UR are rearranged
for 220-volt operation as indicated on the schematic
diagram, figure 7-33. The location of transformer T1
is shown in figure 7-18.

f. CONNECTING CABLES.—AIll power and coax-
ial cables are labeled so as to indicate the unit con-
nections. Figures 3~1 and 3~15 show the cable connec-
tions.

For proper primary power distribution in Radio
Receiving Set AN/FRR-28 refer to figure 3-2. The
power cable for Oscillator O-165/UR, W3-11, must
be plugged into the outlet on Switch Panel SA-238/G.
The power at this outlet cannot be turned off by the
power switch on the switch panel. The reason for
this arrangement is that, due to the time necessary to
prepare Oscillator O-165/UR for operation, it should
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never be turned off except for repair or for an ex-
tended period of idleness.

The cabling furnished with the receiving set are
complete in fabrication, including those cables which
connect to Converter-Comparator Group AN/URA-6.
If any other converter-comparator group is employed,
it may be necessary to fabricate a new cable. Refer
to figure 3-3 for cable fabrication information. Power
cable W12-15, with no connector at one end, is sup-
plied for use with the converter-comparator group.

All external signal lines are connected to terminal
block E12-1. See figure 3-1. Terminals 1 and 2 on
E12-1 correspond to LINE 1 on Communication Patch-
ing Panel SB-224/UR, terminals 3 and 4 to LINE 2,
terminals 5 and 6 to LINE 3, and terminals 7 and 8
to LINE 4. When unbalanced grounded signal lines
are employed, the grounded side of the line must be
connected to terminals 1, 3, 5, and 7.

3. ANTENNA REQUIREMENTS.

The input impedance at the antenna terminals is
designed to match a 72-ohm transmission line. This
transmission line may enter the relay rack from either
the top, bottom, or sides. The angle plug adapter and
connector, supplied with the receiver, is designed for
use with a small diameter “TWINAX” transmission
line. If it is desired to operate with an unbalanced
coaxial transmission line, such as RG12/U, the center
conductor should be connected to one terminal of the
connector plug, and the shield and armor should be
connected to the other terminal of the connector plug.
See figure 3-4.

The choice of an antenna is usually governed by
the space available for installing it. The following
comments are offered as a guide to some basic antenna
design considerations. Detailed information on an-
tennas for naval installations may be requested from
the Bureau of Ships.

For space diversity operation, each receiver R—450/
FRR-28 must have its own antenna system. The loca-
tion of the two antennas can only be determined from
the local conditions of reception and the available
space. However, it is recommended that there be a
nominal separation of 1000 to 2000 feet between an-
tennas to insure optimum results from space diversity
operation. '

For reception in the range from 2 to 30 megacycles,
diversity becomes of great importance. Directive an-
tennas, such as the rhombic, V, and fishbogne, are use-
ful in that they discriminate against signals off the
bearing line of the antennas, reduce noise, and in-
crease signal pick-up in the favored direction of recep-
tion. The rhombic and the fishbone are essentially
non-resonant or wide band antenna and are useful
over a wide frequency range without any readjust-
ment whatever.

For VHF reception above 30 megacycles, the prin-
cipal problem is the abstraction of a sufficient energy
from the passing radio waves. Highly directive, reso-
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(A) Square off the end of the RG-11/U cable. Slide
the coupling nut over the cable.

(B) Cut the outer jacket of the cable 114" from the
cnd. Be careful not to nick the copper braid underneath.
Cut the copper braid and inner insulation 34" from the
end.

(C) Fan out, trim, and tin the copper braid.

(D) Screw the plug body over the outer jacket until
1/16” of the inner conductor is exposed. Be careful
not to push back the copper braid. Solder the plug
body to the copper braid through the 4 holes provided.
Solder the inner conductor to the contact sleeve. Remove
any excess solder and cut off the inner conductor where
it projects past the contact sleeve.

(E) Slide the coupling nut forward until it is free from
the internal thread.

Figure 3—3. Cable Fabri¢ation Instructions

nant V’s, rhombic antennas, and arrays of half wave
radiators must always be used.

4. INITIAL ADJUSTMENTS AND OPERATIONAL
CHECKS.

a. GENERAL.—After the rack, units, and all ca-
bling have been checked for obvious defects, and have
been assembled, the initial adjustments and opera-
tional checks may be made. Turn Switch Panel SA-
238/G on. (See figure 3-1.)

ORIGINAL

b. INITIAL ADJUSTMENT OF RADIO RE-
CEIVER R-450/FRR-28. (See figures 3-5, 4—1.)

(1) ADJUSTMENT OF METER ADJ] RF CON-
TROL.—Apply a 10-microvolt RF signal, within the
frequency range of the receiver, to the antenna ter-
minals. Set receiver controls as follows:

3.5 MC OSC switch S13 to position 3.

AVC DIV-LOC switch S15 to LOC position.

RF GAIN control R93 to maximum clockwise.

IF GAIN control R128 to maximum counter-

clockwise.
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RGII/U CABLE

FERRULE
NAVY TYPE -I0670

PLASTIC JACKET
OUTER CONDUCTOR
POLYETHYLENE

NAVSHIPS 91582
AN/FRR-28

CENTER CONDUCTOR

COUPLING NUT

INSTALLATION

SQUARE OFF END OF AN TYPERGII/U
CABLE AND SKIN AS SHOWN.TIN BOTH
CENTER AND QUTER CONDUCTORS.
DIP IN SOLDER POT IF SUCH IS AVAIL-
ABLE. DQ NOT OVERHEAT OR POLYE-
THYLENE WILL MELT.

CRIMP AS SHOWN USING
CRIMPING TOOL NAVY TYPE - 10669

TRIM CENTER
CONOUCTOR

SLIP ON FERRULE AND COUPLING NUT.
SCREW PLUG BODY ONTO PLASTIC
JACKET UNTIL OUTER CONDUCTOR
COMPLETELY CLOSES SOLDER HOLES
IN PLUG BODY.SOLDER ONE END OF A
SHORT WIRE TO PLLUG BODY AND TRIM
OTHER END EVEN WITH END OF ONE
PRONG. TRIM CENTER CONDUCTOR
EVEN WITH END OF OTHER PRONG.
FILL INSIDE OF PRONG WITH SOLDER
AND REMOVE ALL EXTERNAL EX-
CESS.SOLDER OUTER CONDUCTOR TO
PLUG BODY THROUGH SOLDER HOLES.

SLIP FERRULE OVER PLUG BODY 1/i6"
AND CRIMP WITH CRIMPING TOOL
NAVY TYPE-10669 AS SHOWN. PUT
SMALL AMOUNT OF SOLDER COMPLETE-
LY AROUND JUNGTION OF PLUG BODY
AND FERRULE.

Figure 3—4. Cable Fabrication Instructions

BAND CHANGE switch S1 to band containing
RF signal input.
TUNING control Cl to RF signal input fre-
qudency. .
METER switch S11 to RF.
SEND-REC switch 89 to REC.
HFO switch S12 to INT.
AVC-MAN switch S8 to AVC.
AVC switch S14 to INT BFO, FAST position.
MOD-CW switch 87 to MOD.
SELECTIVITY switch S5 to “1.3".
The position of the XTAL PHASING and BEAT
OSC controls is unimportant.
Readjust TUNING control Cl for maximum meter
deflection.
Check that receiver is tuned to signal generator
output by turning off signal generator momentarily.
Set METER ADJ RF R64 control, located at the
rear of the receiver, as shown in figure 3-5, to position
where meter reads “20 db”. Failure to obtain 20 db
indicates possible misalignment of the receiver. The
alignment procedure is given in Section 7.

(2) ADJUSTMENT OF METER ADJ AF CON-
TROL. (See figure 3-5.)

3-6

CAUTION

Do not depress METER switch for AF scale
unless audio cutput has been adjusted for low
power output by means of headphones or
speaker. Failure to observe this precaution
may result in damage to the meter.

To set the METER ADJ AF control, use the same
settings of controls as noted in paragraph 456(1) of
this section. Apply modulated RF signal within fre-
quency range of the receiver. Tune the receiver to this
frequency. Connect electronic voltmeter across G600-
ohm audio output terminals. Adjust AUDIO GAIN
control for 1.9 volt reading on voltmeter. Depress
METER AD] AF control R101 for reading of “0 db”
on receiver front panel meter.

(3) BFO INJECTION CONTROL AD]JUST-
MENT. (See figure 3-5.)—Set controls and connec-
tions according to procedure in paragraph 45(1) of
this section. Turn BFO INJECTION control R74 on
rear of receiver to the maximum clockwise position
for maximum injection.

(4) IF GAIN CONTROL ADJUSTMENT. (See
figure 3-3.)—The setting of this control, R128, de-
pends on the terminal equipment used. Connect ter-
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ADJ ADJ INJ
AF RF R74
RIO4 R64
UNIT 2

Figure 3—5. Receiver R—450/FRR-28, Rear View, Pre-Operation Adjustments

minal equipment and short-circuit the antenna. Turn
RF GAIN control R93 to maximum clockwise posi-
tion, and turn IF GAIN control R128 counterclock-
wise until terminal equipment does not operate im-
properly.

¢. INITIAL ADJUSTMENT OF RADIO FRE-
QUENCY OSCILLATOR O-165/UR. (See figures 4-3,
4-4.)—Since the power for the RF Oscillator O-165/
UR does not go through the switch on the rack Switch
Panel SA-238/G, it is not necessary to turn this switch
on for the initial adjustment of the unit. Due to the
length of time necessary to prepare RF Oscillator
0-165/UR for operation, it is never turned off except
for repair or if the equipment is not to be used for
a long period of time.

Turn the POWER switch on the front panel of
Oscillator O-165/UR to the ON position. After about
ten minutes check to see that the thermometer reads
58° to 62°.

(1) RF OSCILLATOR O0-165/UR AGING
PROCESS.—Proper aging is necessary for stable opera-

ORIGINAL

tion. RF Oscillator O-165/UR, though aged by the
manufacturer, may be subject to vibration, shock,
and large variations of temperature and humidity. If
the unit is not aged prior to actual use, it may be
found that dial settings and unit calibrations have
changed considerably in relatively short periods of
time. The aging process is as follows:

(2) Turn the POWER switch S1 on and allow
to operate for about four hours.

(b) Turn POWER switch S1 off for about
four hours.
(¢) Repeat cycle as in («) and (b) above.
(d) After running the Oscillator O-165/UR
through the two heat cycles, turn on the power and
allow the unit to operate for at least 12 to 18 hours.
(2) FREQUENCY STABILITY CHECK OF
VARIABLE OSCILLATOR.—When the aging process
has been completed, the frequency stability of the
variable oscillator is checked. This is done by first
rotating the oscillator dial to approximately 0000.0
and turning on the calibrator by rotating CAL OUT-
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PUT control clockwise. Readjust the oscillator dial
for a convenient output zero-beat frequency at the
CAL OUTPUT jack. If drift greater than five cycles-
per-second per hour is observed, then a longer aging
period is necessary for proper oscillator stability.

(3) CALIBRATION OF VARIABLE OSCIL-
LATOR.—To calibrate the variable oscillator against
the crystal oscillator for the entire range of the oscil-
lator, adjust CAL OUTPUT control to full clockwise
position and follow the procedure outlined below:

Note

To reduce the effect of dial backlash, make
all approaches to dial settings in a clockwise
direction.

(#) Turn oscillator tuning dial to exactly
0000.0. Adjust the oscillator trimmer inductance L2,
accessible at the rear of the oven, until zero beat is
noted at the calibrator output.

(b) Turn the oscillator tuning control to ex-
actly 4700.0 and adjust the oscillator trimmer capaci-
tor C2, accessible at the rear of the oven for zero beat
note at the calibrator output.

(¢) Repeat adjustments of the trimmer induc-
tance and capacitance until, at 0000.0 and at 4700.0,
zero beat note is obtained without further adjustments.

(d) Determine the oscillator dial reading for
2.1 megacycles from the typical oscillator calibration
table, and set the oscillator dial to approximately that
position. Readjust the oscillator dial in a clockwise
direction only, until zero beat is obtained from the
calibrator output, always approaching zero-beat in the
clockwise direction.

(e) Following the same procedure as in (d)
above, obtain oscillator dial readings for all 100 kilo-
cycle points between two and four megacycles and
record on table 3-1.

d. INITIAL ADJUSTMENT OF AMPLIFIER-
DETECTOR AM-615/UR. (See figure 4—6.)—Turn
on power switches on relay rack Switch Panel SA-
238/G, Amplifier-Detector AM-615/UR, and one of
the receivers. Set the receiver front panel controls as
follows: HFO to INT; SELECTIVITY to “.2”; MOD-
CW to MOD; AVC-MAN w0 MAN; SEND-RECEIVE
to RECEIVE; LIMITER to OFF; PHASING to AR-
ROW; RF GAIN to maximum. Set the rear controls
as follows: AVC to LOC, and 3.5 MC OSC o “3”.
Plug headphones not supplied with this equipment
into OUTPUT MONITOR jack J1 on Amplifier-De-
tector AM—615/UR. Set Amplifier-Detector AM-615/
UR controls as follows: INPUT SELECTOR to
“CH.1” if the first receiver is used, or to “"CH.2” if
the second receiver is used; TUNING to “50”, and
OUTPUT LEVEL to maximum.
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TABLE 3-1. VARIABLE OSCILLATOR
CALIBRATION TABLE

Ser. No...._..___. * Calibrated By * Date *
Froquoncy Dl Roading. A biel Reading!
KCS Hundreds Units Hundreds Units

2000 00 00.0 00 00.0
2100 02 58.4

2200 04 94.4

2300 07 28.0

2400 09 61.2

2500 11 93.4

2600 14 26.2

2700 16 56.3

2800 18 87.1

2900 21 16.7

3000 23 46.1

3100 25 75.1

3200 28 07.5

3300 30 38.2

3400 32 69.4

3500 35 02.3

3600 37 36.2

3700 39 70.5

3800 42 04.4

3900 44 35.0

4000 47 00.0 47 00.0

* To be filled in by person. performing actual calibration.
t To be obtained after installation and procedure.

Tune the receiver accurately to any good CW signal,
and reset the RF GAIN control on the receiver so
that the beat note heard in the headphones is just
audible. Adjust the Amplifier-Detector AM-615/UR
BFO trimmer capacitor C22, which is located on top
of the Z1 assembly as shown in figure 3-6, for zero
beat. The trimmer is accessible through an opening
in the end of the AM-615/UR chassis and can be
reached from the rear when the AM-G615/UR is in-
stalled in rack CY-597A/G.

e. INITIAL ADJUSTMENT OF KEYER KY-79/
UR. (See figures 3—7, 4--5.)
(1) AUDIO OSCILLATOR FREQUENCY AD-

JUSTMENTS.—Turn on power switches on relay
rack Switch Panel SA-238/G and on Keyer KY-79/
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Figure 3-6. Amplifier-Detector AM—615/UR,Top View,
Pre-Operation Adjustments

UR. To check the frequencies of the internal audio
oscillator, a suitable standard of audio frequencies,
such as a signal generator, is necessary. Compare audio
output of Keyer KY-79/UR to standard frequencies
and adjust the proper trimmer capacitor, located at
the rear of Keyer KY-79/UR as shown in figure 3-7,
until the desired accuracy is obtained.

(2) BALANCE ADJUSTMENT.—In Keyer KY-
79/UR it is necessary to balance the keyed amplifier
to eliminate the DC transients of the keyed tone signal
being fed to an external circuit. For balancing pro-
ceed as follows:

(2#) Connect an oscilloscope across terminals
marked MONITOR on rear of unit or at front panel
jack marked OUTPUT MONITOR. See figures 1-5
and 3-7.

(b) Connect a low frequency audio tone of
approximately 60 cps to terminals DC and G of ter-

ORIGINAL

minal board El. The tone level should be high, pref-
erably up to 50 to 125 volts.

(¢} Set the KEYING LEVEL switch S2 on the
front panel to either DC+ or DC—.

Note

A low frequency audio tone of sufficient level
is equivalent to a square wave of correspond-
ing frequency in this application. This allows
the Keyer to be keyed in the “DC” switch
position.

(d) Disable the local audio oscillator of Keyer
KY-79/UR. This may be accomplished by opening
the link on terminal board E2 at the rear of the unit
or by setting the OUTPUT FREQUENCY switch §5
between detents.

(e) Adjust BAL potentiometer R27 at the rear
of the Keyer KY-79/UR, as shown in figure 3-7, for
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Figure 3—7. Keyer KY-79/UR, Rear View, Pre-Operation Adjustments

minimum transient output indicated by the oscillo- one mode of operation that uses all sections of all the
scope. If a reasonably good balance is unobtainable, units in the receiving set. To check the functioning
then change tube V4, and readjust the BAL control. of the equipment it is necessary to operate the receiv-

ing set according to the various methods described in
f. OVERALL EQUIPMENT CHECK.—There is no Section 4.

3__" o ORIGINAL



VENTILATOR
OPENING

NAVSHIPS 91582
AN/FRR-28

NAVSHIPS 91582
AN/FRR-28

Section 3

SIDE__VIEW

; MOUNTS At sours AsT TO AC.POWER SUPPLY T TO FRONT PANEL OUTLET BOX
N SOLDER LUG 28 IN
I 93 N 271N NAVY TYPE MGOS -2
i = CABLE 8'
ul — _ — —_ — —
2T l
3 | 3IN |
S -
- a
I : -
0 FUSE FUSE SWITCH OQUTLET
kol s b4 e 4N |
i MAXIMUM DIMENSIONS ARE E., o ' 2_I_|N Q 4 TO TROUBLE
SHOWN, BUT CUT AS REQUIR- 4 { LAMP
TOP VIEW D FOR WIRING FROM N
BOTTOM _ _ _ _ - _
. 20 IN
- 1
b 18N 125 IN
T LN
DRILLING PLAN BOTTOM VIEW OF PANEL
WiRING DIAGRAM OF SWITGCH PANEL SA-238/6
L 22.379 K ADJUSTABLE VENT COVER
" ‘ 1 — 2
/ CONDUIT BOX _
C 1 ¢ 0 {SEE NOTE “C") ﬂ
FILLER PANEL ,4/}’ NOTE "A" ~ PRQVIDED FOR GROUNDING
8" ——m P o— p— H — o, CABINET INSTALLATION ACTIV-
(SEE NOTE B) Pa— e _T P e ITY TO MAKE SUITABLE
C::: —> . — — CONNECTION.
[ em— > -ol,~ — E: NOTE "B"~ FILLER PANELS CAN BE REMOV-
— fe—— s /o ED FOR ALTERNATE CABLE
e/ — l — ENTRANCE.
LN — 0 NOTE "C"- PROVIDED FOR ENTRANCE OF
5 VENTILATOR CABLES INTO UNIT.
OPENING .
£
@
WEIGHT OF RELAY RACK CABINET 276 LBS U U
o0
'~
©
SWITCH PANEL
SA-238/6
o o —
= = = =
M —— = _— e
[e——— c— — _—
== e _ =
FILLER PANEL — D = 0
(SEE NOTE "8") . [ow . [smasan — ——
— = o e
[ T~ l
: CBEUESS BT
FRONT VIEW \CABINET CY-59TA/G =ry L= b=l &% . v
EEe——— |9% DOOR _OPENED REAR VIEW

Figure 3-8. Relay Rack Cabinet CY-597A/G, Outline Dimensions
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OPERATION

1. INTRODUCTION.

Radio Receiving Set AN/FRR-28 is used for indi-
vidual, “space diversity”, or “frequency diversity” re-
ception of radiophone, CW, or frequency-shift signals.
The control settings and interunit connections depend
on the type of signal being received and where the
signal is to be used. Communication Patching Panel
$B-224/UR, provided with patch cords, is supplied
to simplify the interconnecting of units. All units,
except the receiver and RF Oscillator O-165/UR have
front panel controls only. The receiver and RF Oscil-
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lator O-165/UR contain a number of rear panel con-

CONTROLS.

Table 4-1.
CAUTION

the equipment.

trols, in addition to those on the front panel.

2. LOCATION AND FUNCTION OF OPERATING

The location and function of each operating con-
trol in Radio Receiving Set AN/FRR~28 are given in

Do not tamper with non-operating controls
since this may upset proper functioning of

TABLE 4-1. LOCATIONS AND FUNCTIONS OF OPERATING CONTROLS
‘[ FIGURE
CONTROL LOCATION FUNCTION REFERENCE
Radio Receiver R—450/FRR~28
RF GAIN Front panel Switch for receiver a-c power and manual RF gain control. 4-1
BAND CHANGE Front panel Changes tuned circuits for HFO and RF amplifiers. 4-1
TUNING Front panel Varies frequency of HFO and RF amplifier tuned circuits. 4-1
TUNING LOCK Front panel Locks tuning capacitor into position when tuned to signal. | 4-1
BEAT OSC Front panel Varies BFO frequency. 4-1
XTAL PHASING Front panel Controls attenuation of close signal interference. 4-1
METER SWITCH Front panel Switches signal strength meter between RF and AF signal.| 4-1
SEND-RED Front panel Desensitizes receiver in SEND position, when transmitting] 4-1
SELECTIVITY Front panel Valfies receiver selectivity from 13 kc to 200 cycles in | 4-1
six steps.
AUDIO GAIN Front panel Varies audio signal input to audio amplifier. 4-1
AVC Front panel Controls AVC time constant, and switches between in-| 4-1
ternal and external BFO.

HFO Front panel Switches between internal and external HFO. 4-1
LIMITER Front panel Switches pulse type noise limiter into circuit. 4-1
AVC-MAN Front panel Switches between AVC and manual volume control. 4-1
MOD-CW Front panel Turns BFO on in CW position. 4-1
ORIGINAL
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TABLE 4-1. LOCATIONS AND FUNCTIONS OF OPERATING CONTROLS (Continued)
FIGURE
CONTROL LOCATION FUNCTION REFERENCE
[Radio Receiver R—450/FRR-28
AVC DIV-LOC Rear panel Switch for local or diversity AVC voltage. 4-2
3.5 MC OSC Rear panel Switch for local or diversity 3.5 megacycle oscillator. 4-2
RF Oscillator O-165/UR
TUNING DIAL Front panel Varies frequency of variable HFO. 4-3
POWER Front panel Switches power on and off. 4-3
HFO Front panel Turns ON-OFF HFO section. 4-3
BFO ON-OFF Front panel Turns BFO section on and off. 4-3
HF XTAL FREQ Front panel Varies crystal HFO frequency slightly. 4-3
HFO OUTPUT Front panel Varies HFO signal output level. 4-3
CAL OUTPUT Front panel Varies calibration signal output level. 4-3
OUTPUT FREQUENCY | Front panel Tunes HFO output circuit. 4-3
FREQUENCY RANGE Front panel Switches in frequency doubling circuits. 4-3
HFO Front panel Switches between variable HFO circuit and circuit of| 4-3
crystals.
METER SELECTOR Front panel Switches various circuits across meter. 4-3
BFO-XTAL SELECTOR Rear panel Switches one of two BFO crystals into circuit. 4-4
BFO OUT CONT Rear panel Controls amplitude of BFO output signal. 4-4
Keyer KY-79/UR
POWER Front panel Switches Keyer KY-79/UR power on. 4-5
KEYING LEVEL Front panel Switches in circuits used for various types of input signal.| 4-5
OUTPUT FREQUENCY | Front panel Changes audio oscillator frequency by switching tuned| 4-5
circuits.
OUTPUT LEVEL Front panel Varies audio output signal level. 4-5
Amplifier-Detector, AM-615/UR
POWER ON-OFF Front panel Switches amplifier-detector power on. 4-6
INPUT SELECTOR Front panel Selects receiver to be monitored. 4-6
TUNING Front panel Varies local BFO frequency. 4-6
OUTPUT LEVEL Front panel Varies output signal level. 4-6
Loudspeaker LS-187/UR
SPEAKER LEVEL Front panel Varies audio signal amplitude to speaker. 4-7
ORIGINAL
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Table 4-2 lists the expected non-operating controls
that are nof to be handled by the operator.

TABLE 4-2. NON-OPERATING CONTROLS

CONTROL LOCATION
IF GAIN Rear of receiver
BFO IN]J Rear of receiver
IMETER AD]J AF Rear of receiver
METER ADJ RF Rear of receiver
RESISTOR R112 Rear of receiver
INDUCTOR L58 Rear of receiver
BALANCE Rear of Keyer KY-79/UR

3. TUNING OF RADIO FREQUENCY OSCILLATOR
O-165/UR.
(See figures 4--3 and 4-4.)

2. TUNING OF VARIABLE HFO. The following
procedaire is used for tuning the variable HFO:

(1) Turn POWER switch to ON.

Note

This switch should not be turned off except
when Oscillator O-165/UR is removed for
maintenance, or when there is to be an ex-
tended period of idleness, since several hours
may be required for this unit to stabilize after
it has been turned off.

(2) Turn HFO switch to ON.

(3) Turn HFO XTAL switch to MO.

(4) Turn FREQUENCY RANGE switch to band
containing desired frequency.

(5) Turn OUTPUT FREQUENCY dial to its ap-
proximate setting according to Table 4-3.

(6) Turn METER switch to RF OUTPUT posi-
tion.

(7) The required frequency of RF Oscillator
0-165/UR may be obtained by adding 455 kc to the
assigned operating frequency for frequencies below 7.4
Mc, and by adding 3.955 Mc to the assigned operating
frequency for frequencies above 7.4 Mc.

(8) The dial setting of RF Oscillator O-165/UR
may be obtained from the calibration curves shown in
figures 4-8 through 4-28 by dividing the Oscillator
0-165/UR frequency by 8 if it is between 16 and 32
Mg, dividing by 4 if it is between 8 and 16 Mc, dividing
by 2 if it is between 4 and 8 Mc, and using directly if it
is between 2 and 4 Mc.

(9) Turn to the calibration curve corresponding
to the desired frequency of operation, as determined
from steps (7) and (8) above.

(10) Read the number of “Divisions Added to
ORIGINAL
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Lower Calibration Point” corresponding to the desired
operating frequency.

(11) Note the approximate check point corre-
sponding to Curve A or Curve B which is printed at
the upper left hand corner of the curve sheet.

(12) Turn on CAL OUTPUT switch and insert
a pair of head-phones into the CAL OUTPUT jack.
Adjust the oscillator dial to the approximate check
point.

The oscillator dial is set to the check point num-
ber by rotating the dial until the first two digits of the
check point number are indicated by the “dial hun-
dreds”, and the remaining digits of the check point
number are recorded by the dial itself in “dial units”.
Always approach the dial setting by rotating the knob
in a clockwise direction.

(13) Find the actual check point by zero beating
the oscillator with the calibrator, approaching the dial
setting in a clockwise direction. Record this actual
check point on the curve sheet.

(14) The desired setting of the dial will then be
the actual check point dial reading plus the “Divisions
Added to the Lower Calibration Point” as found in
step (10).

(15) Readjust OUTPUT FREQUENCY dial for
maximum meter deflection.

(16) Set HFO OUTPUT control to maximum
clockwise position. Disconnect phones and turn off the
CAL OUTPUT switch.

(17) An example following the above procedure
is now given:

Sfép (7) Assigned operating frequency = 2307.5
kc
RF Oscillator O-165/UR frequency
= 2307.5 ke + 455 kc — 2762.5 kc

(8) Oscillator O-165/UR Fundamental
Frequency = 2762.5 kc

(9) Turn to Calibration Curve, figure 4-16,
and find 2762.5 kc on scale at top of
page.

(10) Read “Divisions Added to Lower Cali-

bration Point” on scale at left side of
page. (Curve B) = 29.4

(11) 2750 kc check point approximately 1772

divisions
(12) Set dial for “dial hundreds”’ — 17
“dial units” =72
(13) Actual check point found at 1775.3
divisions

(14) Desired setting of the dial will then be
1775.3 -+ 29.4 or 1804.7 divisions
Set “dial hundreds” —18
Set “dial units” =04.7

4-3
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TABLE 4-3. APPROXIMATE "OUTPUT FREQUENCY" audio frequency shift limits of 2125 to 2975 cps (850
DIAL SETTINGS cps shift), the center of the audio band is 2550 cps.
Therefore, the BFO crystal frequency required is
OUTPUT FREQUENCY (in megacycles) DIAL SETTING] 455,000 cps == 2550 cps, or 457,550 cps or 452,450 cps.
- - (2) Place the proper crystal into one of the two
2.0 4.0 8.0 16.0 90 BFO crystal sockets, X18 or X19. Set the BFO-XTAL
2.5 5.0 10.0 20.0 65 SELECTOR switch S8, located on the rear of the unit,
3.0 6.0 12.0 24.0 46 to the proper position. In the up position, socket X18
is in the circuit; in the down position, socket X19 is
35 7.0 14.0 28.0 2 in the circuit. Set the BFO OUT CONT control,
4.0 8.0 16.0 32.0 10 located on the rear of the unit, to maximum clockwise
position.
b. TUNING OF CRYSTAL HFO. The following 4. RADIO RECEIVING SET AN/FRR-28 OPERATING
procedure is used for tuning the crystal HFO: PROCEDURE.
(1) The frequency of the crystal required is (See figures 4-1 through 4-7.)
found by following the procedure outlined in para- 2. GENERAL.—The control settings on the various
graph 3a, steps (7) and (8) of this section. units in the Radio Receiving Set AN/FRR-28, and the
(2) Insert the proper crystal into any one of the interunit connections, are dependent upon the type of
three HFO crystal sockets, X15, X16, or X17, which signal being received, the source of HFO signal, and
are located at the top of the chassis. the final use of the signal.
(3) Turn POWER switch to ON. For all types of reception, the main power switch
(4) Turn HFO switch to ON. on SA-238/G is turned on.
(5) Set HF XTAL FREQ switch to “50”, b. OPERATING PROCEDURE FOR INDIVID-
(6) Turn the HFO XTAL switch to the position ~ UAL RECEPTION OF RADIO PHONE SIGNALS.
which will place the crystal into the oscillator circuit. (See figures 2-1, 4-1.)
When the switch is in position ““1” the crystal in (1) Set RF GAIN control on receiver front panel
crystal socket X15 is in the .circuit. When the switch to approximately “5”.
is in position “2” the crystal in crystal socket X16 is (2) Set SELECTIVITY switch on receiver front
in the circuit. When the switch is in position “3” the panel to position “13”,
crystal in crystal socket X17 is in the circuit. (3) Set receiver front panel XTAL PHASING
(7) Set the FREQUENCY RANGE switch to the control to arrow indicator.
band containing the desired output frequency. In posi- (4) Set receiver front panel SEND-REC switch to
tion “2-4" the output frequency is equal to the crystal REC.
freguency. In position “4-8” the output fr(f:quer’l’cy is (5) Turn LIMITER switch on receiver front
twice the crystal frequency. In position “8-16” the panel to OFF.

output frequency is four times the crystal frequency.
In position “16-32” the output frequency is eight
times the crystal frequency.

(8) Set the OUTPUT FREQUENCY dial to its

(6) Set receiver front panel AUDIO GAIN con-
trol to about center position.

(7) Set receiver front panel MOD-CW switch to

; . . MOD.
approximate setting according to table 4-3. ] .
(9) Turn METER switch to HF OUTPUT posi (8) Set receiver front panel AVC-MAN switch
) ) to AVC.
tion.
(10) Readjust OUTPUT FREQUENCY dial for (9) Turn receiver front panel BEAT OSC switch
maximum deflection of meter. © ze(1'<1)(.)) S ver £ 1 AVC switch to INT
) ) et receiver front pane switch to
positg(;l,) Set HFO OUTPUT to maximum clockwise BFO FAST.
(12.) After connecting the HEO signal to re (11) Set METER switch on receiver front panel
) to RF.

ceiver, adjust HF XTAL FREQ for maximum deflec-

tion of meter on receiver. (12) Set receiver front panel BAND CHANGE

switch to band containing signal frequency to be re-
¢. TUNING OF THE BFO.-—The procedure for ceived.

tuning the BFO is as follows: (13) Set receiver front panel TUNING control
(1) The BFO crystal frequency as required for to desired signal frequency.

audio frequency shift signal is determined by adding (14) For easier and faster tuning use interpal

to or subtracting from the 455 kc IF frequency, the BFO. Turn HFO and BFO switches of RF Oscillator

frequency corresponding to the center of the fre- 0-165/UR to OFF position. Set HFO switch on re-

quency shift audio band. As an example, for desired ceiver to INT position. ‘

4.4 ORIGINAL
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Figure 4—1. Radio Receiver R—450/FRR—28, Front View, Operating Controls and Adjustments

For more accurate tuning and greater stability,
or for operation when internal oscillator is non-opera-
tive, use the HFO of Oscillator O-165/UR. Set HFO
switch on receiver front panel to EXT position. Tune
RF Oscillator O-165/UR according to procedure in
paragraph 3 of this section. (See figures 4-3, 4-4.) *

(15) Patch the speaker to the receiver audio out-
put at the patch panel, and set speaker level to maxi-
mum. See figure 2-1.

(16) Link terminals 4 and 5 on terminal board
E19 on receiver rear panel. See figure 4-2.

(17) Set AVC DIV-LOC switch on receiver rear
panel to LOC.

(18) Set 3.5 MC OSC” on receiver rear panel
to position 3",

(19) Slightly readjust TUNING control on re-
ceiver front panel for maximum meter deflection.

(20) Readjust RF GAIN for a reading at approx-
imately the center of the meter, and set AUDIO GAIN
for desired speaker output level. .

(21) If noise is excessive, turn LIMITER switch
to ON.

(22) If interference between the two receivers is

ORIGINAL

experienced, disconnect the external HFO coaxial con-
nector from jack J2 on rear of receiver not being
controlled by Oscillator O-165/UR.

c¢. OPERATING PROCEDURE FOR INDIVID-
UAL RECEPTION OF TONE MODULATED CW
SIGNALS. (See figure 2-1.)

For individual receiver reception of tone modulated
signals, follow the procedure used for individual re-
ception of radiophone signals. Reset SELECTIVITY
control to the narrowest position that will provide
undistorted tone output at speaker. Adjust XTAL
PHASING to reduce or eliminate any whistle that
may be present in the output signal.

d. OPERATING PROCEDURE FOR INDIVID-
UAL RECEPTION OF UNMODULATED CW SIG-
NALS. (See figures 2-2, 4--1.)

(1) Set RF GAIN control on receiver front panel
to approximately “5”.

(2) Set SELECTIVITY switch on receiver front
panel to “13”.

(3) Set XTAL PHASING control on receiver
front panel to arrow indicator.

4-5
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Figure 4-2. Radio Receiver R—-450/FRR~28, Rear View, Operating Contrels and Adjustments

(4) Set SEND-REC switch on receiver front
panel to REC.

(5) Turn LIMITER switch on receiver front
panel to OFF.

(6) Set AUDIO GAIN control on receiver front
panel to about center position.

(7) Set MOD-CW switch on receiver front panel
to CW.

(8) Set AVC-MAN switch on receiver front
panel to MAN.

(9) Set BEAT OSC control on receiver front
panel to approximately “1.0”.

(10) Set AVC switch on receiver front panel to
INT BFO SLOW. If greater stability is desired, set
switch to EXT BFO SLOW and adjust RF Oscillator
0O-165/UR BFO section according to procedure in Sec-
tion 4, paragraph 3.

(11) Observe that METER switch on receiver
front panel is set to RF.

(12) Set BAND CHANGE switch to band con-
taining desired signal frequency.

4-6

(13) Adjust TUNING control on receiver front
panel to desired signal frequency.

(14) For simpler and faster tuning use internal
HFO. Set receiver front panel HFO switch to INT.

For more accurate tuning and more stable oper-
ation, or for replacement of a non-operating internal
oscillator, use the HFO of RF Oscillator O-165/UR.
Set receiver front panel HFO switch to EXT. Tune
Oscillator O-165/UR according to instructions in Sec-
tion 4, paragraph 3. (See figures 4-3, 4-4.)

(15) Patch the speaker to the receiver audio out-
put at the patching panel and set speaker level to
maximum,

(16) Link terminals 4 and 5 on terminal board
E19 on rear of receiver. (See figure 4-2.)

(17) Set AVC DIV.LOC switch on rear of re-
ceiver to LOC position.

(18) Set 3.5 MC OSC on rear of receiver to posi-
tion “3”.

(19) Slightly readjust TUNING control on re-
ceiver front panel for maximum meter deflection.

ORIGINAL
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Figure 4-3. Radio Frequency Oscillator O—~165/UR, Front View, Operating Controls and Adjustments

(20) Reset RF GAIN control on receiver front
panel to an intermediate point between high noise to
signal level and distortion of output signal.

(21) Reset SELECTIVITY switch on receiver
front panel to narrowest position that will allow satis-
factory reception.

(22) Adjust XTAL PHASING control on re-
ceiver front panel to reduce or eliminate any whistle
that may be present in the output signal.

(23) To reduce excess signal fading, AVC-MAN
switch may be turned to AVC.

(24) If noise is excessive, set LIMITER OFF
switch on receiver front panel to LIMITER position.

(25) If interference between the two receivers is
experienced, disconnect external HFO coaxial con-

nector from J2 on rear of the receiver not being con-
trolled by Oscillator O-165/UR.

e. OPERATING PROCEDURE FOR INDIVID-
UAL RECEPTION OF UNMODULATED CW SIG-

ORIGINAL

NALS USING KEYER UNIT KY-79/UR. (See fig-
ures 2-2, 4-5.)—Keyer KY-79/UR is used in the recep-
tion of CW signals where external circuits operate on a
keyed tone signal, or on a detected unmodulated sig-
nal. For this operation set up equipment according to
directions in paragraph d, and then readjust the fol-
lowing:

(1) Disconnect terminals 4 and 5 on terminal
board E19 on rear of receiver. See figure 4-2.

(2) Connect plug P9 to DET jack on receiver
rear panel.
(3) On the patching panel, connect the following:
() TONE KEYER MONITOR to SPEAKER
MONITOR.
(b) TONE KEYER LINE w0 TELEPHONE
LINES 1, 2, 3, or 4.
(¢) RECEIVER 1 or RECEIVER 2 (depend-
ing on which is used) DETECTOR OUTPUT to
TONE KEYER INPUT.

4-7
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Figure 4-4. Radio Frequency Oscillator O—~165/UR, Rear View, Operating Controls and Adjustments

(4) Connect external equipment to proper ter-
minals of terminal board E12-1. (See figure 3-1.)

(5) Set MOD-CW switch on receiver front panel
to MOD.

(6) Set AVC switch on receiver front panel to
INT BFO FAST.

(7) Set BEAT OSC control on receiver front
panel to zero.

f. INDIVIDUAL RECEPTION OF FREQUENCY-

SHIFT SIGNALS. (See figures 2-3, 4-1.)

(1) Set RF GAIN control on front panel of re-
ceiver to approximate center position.

(2) Set SELECTIVITY switch on receiver front
panel to “13”.

(3) Set XTAL PHASING control on receiver
front panel to arrow indicator.

(4) Set SEND-REC switch on receiver front
panel to REC.

4-8

(5) Turn LIMITER switch on receiver front
panel to OFF.,

(6) Set AUDIO GAIN switch to any position
except zero.

(7) Turn MOD-CW switch on receiver front
panel to MOD.

(8) Turn AVC-MAN switch on receiver front
panel to AVC.

(9) Turn BEAT OSC switch on receiver front
panel to zero.

(10) Set AVC switch on receiver front panel to
INT BFO SLOW.

(11) Set METER switch on receiver front panel
to RF.

(12) Set BAND CHANGE switch on receiver
front panel to band containing desired signal fre-
quency.

(13) Set TUNING control on receiver front
panel to desired frequency.
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Figure 4—-5. Keyer KY-79/UR, Operating Controls and Adjustments

(14) For simple and fast tuning use internal
oscillator. Set HFO switch on front of receiver to INT
position. Turn HFO and BFO switches on RF Oscil-
lator O-165/UR to OFF.

For the more accurate tuning and greater sta-
bility, which is necessary for the reception of fre-
quency-shift signals, use the HFO of Oscillator O-165/
UR. Set receiver front panel HFO switch to EXT.
Tune Oscillator O-165/UR according to instructions
in Section 4, paragraph 3. (See figures 4-3, 4-4.)

(15) At the patching panel, patch CONVERTER
OUTPUT of the converter being used to TELE-
PHONE LINES 1, 2, 3, or 4 for use of the signal in
the external circuit, and patch CONVERTER TONE
output to SPEAKER MONITOR.

(16) Set AVC DIV-LOC switch on rear of re-
ceiver to LOC.

(17) Set 3.5 MC OSC” switch on rear of re-
ceiver to “3”.

(18) Slightly readjust TUNING control on re-
ceiver front panel for maximum meter deflection.

¢c23

(19) Set speaker volume control to maximum.

(20) Disconnect plug P9 from DET jack at rear
of receiver, and remove the link between terminals 4
and 5, on terminal board E19 on the rear of the re-
ceiver. The link must be connected if an audio type
converter is used. (See figure 4-1.)

g. DUAL SPACE DIVERSITY RECEPTION.

(1) GENERAL.—In dual space diversity recep-
tion, it is recommended that RF Oscillator O-165/UR
be used to supply the HFO signal for both receivers.
If the internal oscillators are used, then Amplifier-
Detector AM-615/UR should be connected and used
for aligning the two IF signals.

(2) IF ALIGNMENT WITH AMPLIFIER-DE-
TECTOR AM-G15/UR. (See figure 4-G.)

(#) Turn on power switch for Amplifier-
Detector AM-615/UR.

(b) Turn INPUT SELECTOR switch on Am-
plifier-Detector AM-615/UR front panel to either
channel. If switch is in the “CH.1” position, the IF
from receiver “*1” is fed in. If switch is in the “CH.2”

52

R

Ji

St

UNIT ©

Figure 4—-6. Amplifier-Detector AM—-615/UR, Operating Controls and Adjustments
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Figure 4-7. Loudspeaker LS—187/UR, Operating Control

position, the IF from receiver “2” is fed in.

(¢) Plug a set of headphones into OUTPUT
jack J1 on Amplifier-Detector AM-615/UR front
panel.

(d) Adjust OUTPUT LEVEL control on Am-
plifier-Detector AM—615/UR front panel for comfort-
able hearing level.

(e) Adjust TUNING control on Amplifier-
Detector AM—-615/UR front panel until the local oscil-
lator zero-beats with the receiver IF signal.

(f) Switch INPUT SELECTOR on Amplifier-
Detector AM~615/UR front panel to channel contain-
ing the IF signal from the other receiver. Adjust the
TUNING control on this receiver until the IF signal
zero-beats with the Amplifier-Detector AM-615/UR
oscillator signal. Do not move Amplifier-Detector
AM-615/UR TUNING control from previous setting.

(3) DUAL SPACE DIVERSITY RECEPTION
OF RADIOPHONE SIGNALS. (See figures 2—4, 4-1.)
—In dual space diversity reception of radiophone sig-
nals, the equipment is arranged as described in Section
4, paragraph 4b. Each receiver is tuned separately. Make
the following control and connection changes:

(a) Set each receiver rear panel AVC DIV-
LOC switch to DIV,

(b) Connect plug P9 to DET jack ]9 on rear
of each receiver.

(¢) Disconnect terminals 4 and 5 on terminal

4-10

board E19 on the rear of one receiver. Link terminals
4 and 5 on terminal board E19 on the other receiver.

(d) Set receiver rear panel “3.5 MC OSC”
switch on one receiver to position “1”, and on the
other to position *“2”.

(e) If the internal HFO signals are used, then
set up the Amplifier-Detector AM—-615/UR unit. If
the RF Oscillator O-165/UR HFO signal is used, con-
nect the HFO coaxial cables to jack J2 on each re-
ceiver.

(f) Patch the DETECTOR OUTPUT jacks of
both receivers together at Communication Patching
Panel SB-224/UR. Patch the SPEAKER MONITOR
to the AUDIO OUTPUT of the receiver that has
terminals 4 and 5 linked on terminal board E19.

(g) Readjust AUDIO GAIN control of the
receiver patched to the speaker for comfortable hear-
ing level.

(4) DUAL SPACE DIVERSITY RECEPTION
OF CW SIGNALS. (See figure 2-5.)—In dual space
diversity reception of CW signals, the equipment is
arranged according to the procedure in Section 4,
patagraphs 4c, 4d, or 4e. Each receiver is tuned to
the incoming signal separately. The following changes
are made in the control and connection arrangements:
(@) Set each receiver rear panel AVC DIV.

LOC switch to DIV.

(5) Connect plug P9 to DET jack J9 on the
rear of each receiver.

ORIGINAL
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(¢) If Keyer KY-79/UR is used, remove links
from terminals 4 and 5 on terminal boards E19 of
both receivers. If Keyer KY-79/UR is not used, con-
nect terminals 4 and 5 on terminal board E19 for one
receiver only. These terminals are not connected on
the other receiver. (See figure 4-2.)

(d) Set receiver rear panel “3.5 MC OSC”
switch on one receiver to position “1”, and on the
other to position “2”.

{e) If the individual receiver internal HFO
signals are used, use Amplifier-Detector AM-615/UR
unit for tuning both signals to the same frequency.
If RF Oscillator O-165/UR HFO signal is used for
both receivers, connect the HFO coaxial cable to jack
J2 on each receiver.

(f) Patch the receiver DETECTOR OUTPUT
jacks together at the patch panel. If Keyer KY-79/UR
is not used, patch the audio output of the receiver
that has terminals 4 and 5 linked on terminal board
E19.

(g) Readjust the receiver AUDIO GAIN con-
tro], when Keyer KY-79/UR is not used, for com-
fortable listening level. Readjust the Keyer KY-79/
UR OUTPUT LEVEL, when Keyer KY-79/UR is used,
for comfortable listening level.

(5) DUAL SPACE DIVERSITY RECEPTION
OF FREQUENCY-SHIFT SIGNALS. (See figure
2-6.)—In dual space diversity reception of frequency-
shife signals, the equipment is arranged as given in
the procedure in Section 4, paragraph 4f. Each receiver

ORIGINAL

NAVSHIPS 91582
AN/FRR-28

Section 4
Paragraph 4g(4)c)

is separately tuned to the incoming signal. The fol-
lowing changes are made in control settings and con-
nections:

(#) Set each receiver rear panel AVC DIV-
LOC switch to DIV.

(b) Set the 3.5 MC OSC” switch on the rear
of one receiver to position “1”, and on the other
receiver to position “27.

(¢) If the individual receiver HFO signals are
used, use Amplifier-Detector AM-615/UR for accu-
rately tuning both receivers to the same frequency.
For normal operation of the equipment, it is more
advisable to use the RF Oscillator O-165/UR HFO
signal due to its greater stability. For the external
HFO signal to be used, connect the HFO coaxial cable
to jack J2 on each receiver.

(4) Patch the applicable COMPARATOR
TONE output on the patch panel to the speaker, and
the COMPARATOR OUTPUT to TELEPHONE
LINES 1, 2, 3, or 4, which is tied to the external
equipment used in conjunction with the receiving set.

(6) DUAL FREQUENCY DIVERSITY RECEP-
TION.—In dual frequency diversity reception, the
two receivers are tuned to the different frequencies
of the transmitted signals. The equipment connections
and control settings are the same as those for dual
space diversity reception except that the RF Oscillator
0-165/UR, if used, can supply only one receiver with
an HFO signal. For the procedure of setting up equip-
ment, refer to Section 4, paragraphs 4g(3), 4g(4) and
4g(5).

4-11
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Figure 4-13. Radio Frequency Oscillator O—165/UR, Calibration Curve, 2400-2500 k¢
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OPERATOR’S NAVSHIPS 91582
MAINTENANCE AN/FRR-28
SECTION 5

Section 5
Paragraph 1

OPERATOR'S MAINTENANCE

1. INTRODUCTION. a. REPLACING FUSES.

The Radio Receiving Set AN/FRR-28, having a
number of different uses, does not have all of its
equipment in use in any one operation. Because of
this, it is impossible to check the entire receiving set
in operation at any one time. However, the equipment
that is being used should be given routine checks as
described in paragraph 2 of this section.

WARNING

Never replace a fuse with one of higher rat-
ing unless continued operation of the equip-
ment is more important than probable dam-
age. If a fuse burns out immediately after
replacement, do not replace it a second time
until the cause has been corrected.

2, ROUTINE CHECKS. (1) SYMPTOMS OF FUSE FAILURE.—Table

Table 5-1 lists the routine checks necessary every 5-2 contains a list of fuses in the receiving set, their
watch to determine if the AN/FRR-28 is operating locations, the circuits protected by the fuses, the symp-
normally. toms of fuse failure, their ampere and voltage ratings,

3. EMERGENCY MAINTENANCE.
Notice to Operators

and figure references.
(2) REPLACEMENT OF FUSES.
To replace fuses F12-1 or F12-2, remove pri-

Operators shall not perform any of the fol- mary power cable from power source, unscrew blown
lowing emergency maintenance procedures fuse by rotating counterclockwise, and screw new fuse
without proper authorization. in place.

TABLE 5-1. OPERATOR'S ROUTINE CHECK CHART

with meter switch at AF.

¢. Limiter. When AF section is used, switch LIM-
ITER to OFF.

WHAT TO CHECK HOW TO CHECK PRECAUTIONS
1. Radio Receiver R-450/ With METER switch at RF, and AVC- | Meter should read in approximate cen-
FRR-28 MAN switch at AVC, read meter ter of scale. If meter reads low,
a. RF section. with signal tuned in. check tuning and RF GAIN setting.
If meter reads high, lower RF
GAIN control.
b. AF section. When AF section is used, read meter | Meter should read in approximate cen-

ter. If meter reads too high or low,
adjust AUDIO GAIN control.

Background noise should be higher
than when limiter is on.

2. RF Oscillator O-165/UR Read OVEN HEAT METER.
a. Oven heater.

b. HFO section. Read meter with METER SELECTOR
switch at HF OUTPUT.

¢. BFO section. Read meter with METER SELECTOR
switch at BFO OUTPUT.

Mercury level should be visible.

Meter should read approximately 0.5
ma. If incorrect, adjust HFO OUT-
PUT.

Meter should read approximately 0.5
ma. If incorrect, adjust BFO OUT-
PUT.

3. Amplifier-Detector Plug-in headphones and listen for
AM-615/UR. beat note.
4. Keyer KY-79/UR. Listen to monitor signal at all audio
frequencies.
ORIGINAL
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TABLE 5-2. FUSE LOCATIONS AND SYMPTOMS OF FAILURE

FIGURE l

FUSE LOCATION PROTECTS SYMPTOM AMPS | VOLTS |REFERENCE
F12-1 Rack Switch Panel. Power supply to all Pilot lights not lighted | 15 110 3-1

SA-238/G. units except the RF on all units except

Oscillator O-165/UR. the RF Oscillator
0-165/UR.

F12-2 Rack Switch Panel. Same as above. Same as above. 15 110 3-2

SA-238/G.
F2-1 Left rear of receiver. Filament and plate volt- | Dial lights not lighted. 3 110 7-2

age of receiver.

F2-2 Bottom of receiver. Plate voltage of receiver. | No audio output. No 4| 110 7-5
meter reading. Tube
V18 not lighted.

F3-1 Left rear of RF Oscil- Heater and primary Primary power and 4 110 7-8

lator O-165/UR. power of RF Oscil- oven heater pilot
lator O-165/UR. lights not lighted.

F3-2 Left rear of RF Oscil- Primary power of RF Primary power pilot 134 | 110 7-8
lator O-165/UR. Oscillator O-165/UR. light not lighted.

Fo-1 Left rear of Amplifier- Primary power of Primary power pilot 2 110 7-17
Detector Amplifier-Detector light not lighted.
AM-615/UR. AM-615/UR.

F10-1 Left rear of Keyer Primary power of Primary power pilot 2 110 7-19
KY-79/UR. Keyer KY-79/UR. light not lighted.

To replace all fuses except F2-2, F12-1, and CAUTION

F12-2, locate fuse from table 5-2, unscrew fuse holder In the replacement of tubes, use extreme care

cap by turning cap counterclockwise, pull blown fuse in handling tube pins. To avoid breaking the

from cap, push new fuse into cap, insert cap into pins, do not force tubes into sockets.

holder, and turn cap clockwise to secure. .
Most tube defects will be found to be due to burned

CAUTION out filaments. Since some of the tubes cannot be seen
Replacement of fuse F2 in Radio Receiver or removed without removal of the chassis from the
R—450/FRR-28 requires removal of the unit rack, the following methods of tube checking are
from the rack. Two men are necessary for recommended:

this procedure. Extreme care should be used
in the handling of the unit and in replacing
the fuse. Avoid contacting any parts in the
receiver, except the fuse, with the soldering

(1) Inspect all available tubes by sight and touch
without removing the unit from the rack. Tubes that
fail to glow, and also feel cold, should be replaced.

(2) Radio Receiver R—450/FRR-28, Amplifier-

1ron. Detector AM-615/UR, and Keyer KY-79/UR con-
To replace fuse F2-2 in the receiver, remove tain tubes which require removal of the units to in-
receiver from rack. Unsolder blown fuse and replace spect and replace. The receiver unit is heavy and,
and solder in new fuse. When soldering in new fuse, therefore, requires two men to remove from the rack.
do not keep soldering iron on fuse for a long period All tubes in the receiver are located on top of the
since the fuse is of a thermal type and heat will cause chassis. Keyer KY-79/UR and Amplifier-Detector
it to blow. AM-615/UR contain tubes which can be inspected
b. REPLACEMENT OF ELECTRON TUBES. only by removing the top or bottom cover plates.
Before replacing tubes in any unit, except RF
WARNING Oscillator 01—)165/UR, turn the power for the igdivid-
This equipment employs voltages which are ual unit off.
dangerous and may prove fatal if contacted.
Always observe all safety regulations and pre- Note
cautions. Refer to safety notices and high Due to the long warm-up time necessary for
voltage warning in the front of this instruc- Oscillator O-165/UR, do not shut off unit
tion book. power. Tube V1 in Oscillator O-165/UR,

5_2 ORIGINAL




OPERATOR’'S AND
PREVENTIVE MAINTENANCE

and tubes V1, V2, V4, V8, V9 and V10 in
the radio receiver, must not be changed un-
less they appear defective or erratic.

If tube V1 in Oscillator O-165/UR is changed, a
new calibration of the unit must be made by a main-
tenance technician.

All tube shields, except those on tubes V4, V17 and
V19 of the receiver, are of the push and turn type.
To remove shield, push down, turn counterclockwise
as far as possible, and lift off. Replace tube, slide
shield down over locking pins, turn clockwise, and

NAVSHIPS 91582
AN/FRR-28

Sections 5—6

release.

To remove shield on receiver tube V4, remove
thumbscrew located on adjacent capacitor cover, and
lift shield off. Replace tube, push shield down into
place with flange in proper position, and secure with
thumbscrew.

Tubes V17 and V19 in the receiver are secured to
the chassis with spring clamps. To remove one of
these tubes, pull exposed end of clamp away from
tube until it snaps open. Replace tube and secure by
pressing the loose end of the clamp towards tube.

SECTION 6
PREVENTIVE MAINTENANCE

1. 1000 HOUR ROUTINE MAINTENANCE CHECKS.

a. Table 6-1 lists the routine maintenance checks to
be made by a technician every 1000 hours of operation.

b. The variable HFO of Oscillator O-165/UR is
checked for proper calibration at two and four mega-
cycles, which should correspond to dial settings at
0000.0 and 4700.0, respectively. Any appreciable error
should be corrected according to procedure in Section
3, paragraph 46(2).

CAUTION

Tube V1 in RF Oscillator O-165/UR must
not be removed from its socket unless it
appears defective or erratic,

¢. A check of proper receiver IF and AF operation
is made by feeding various signals into different cir-
cuits, and measuring the receiver output. An electronic
voltmeter is placed across the speaker terminals, which
are the outer terminals on terminal board E2. The
signal is supplied to the AF stages by an audio signal
generator, and to the IF stages by a high frequency
signal.

The signals are applied to the IF tube grids through
a 0.1 microfarad capacitor from the signal generator,
and are modulated 30 percent at 400 cycles. The
switches on the receiver are set as follows:

SELECTIVITY switch at three kilocycles; AVC-
MAN switch to MAN; MOD-CW switch to MOD;
RF GAIN and AUDIO GAIN controls to maximum.

Table 6-2 gives the BAND CHANGE switch set-
ting, the signal frequency applied to the receiver, the
point of signal application, and the approximate input
voltage necessary for a 20-volt output at the speaker
terminals.

ORIGINAL

2. ANNUAL CHECK.

a. ANNUAL CHECK OF RADIO FREQUENCY
OSCILLATOR O-165/UR.—Once a year the primary
power for RF Oscillator O-165/UR shall be shut off
and the unit removed to a bench. The bottom cover
of the chassis shall be removed and the inner oven
opened and removed.

Note

Before removing the inner oven, read and
follow the instructions in Section 7, para-
graph 6.

Clean, wherever necessary, with carbon tetra-
chloride.

Insert all connectors into their mates and measure
tube socket and connector voltages shown on figure
7-27.

After thorough inspection, reassemble the equip-
ment and return to the rack. Turn on primary power
and allow to heat for 24 hours.

Check for oscillator drift and recalibrate as de-
scribed in Section 3, paragraph 4b.

b. ANNUAL CHECK OF RADIO RECEIVER R-
450/FRR-28, AMPLIFIER-DETECTOR AM-615/UR
AND KEYER KY-79/UR. An annual check of the
tube pin voltages in these units against the values
given in figures 7-26, 7-28, and 7-29 should be made.

3. LUBRICATION.

The equipment provided in Radio Receiving Set
AN/FRR-28 requires no lubrication.

4. RE-TROPICALIZATION.

The Radio Receiving Set AN/FRR-28 requires no
re-tropicalization treatment.

6-1
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TABLE 6-1. ROUTINE MAINTENANCE CHECK CHART

WHAT TO CHECK HOW TO CHECK PRECAUTIONS
1. All tubes in Radio Receiv- Remove all tubes, except tube V1 in | All tubes not up to specifications
ing Set AN/FRR-28. Oscillator O-165/UR, and check in should be replaced.
a tube tester. (See paragraph 15.)

2. Power and coaxial cabling. | Visually inspect all cabling for wear. | Replace and reroute worn cabling
to prevent continued wear on one
spot.

3. Oscillator O-165/UR. Check variable HFO calibration at 2 | If error is excessive, recalibrate ac-

and 4 megacycles. (See paragraph cording to procedure in Section 3.
15.)
4. Receiver R—450/FRR-28
a. IF and AF Check receiver operation. (See para-
operation. graph lc.)
b. IF cathode bias. Check IF bias following procedure in
Section 3, paragraph 4e(5).
c. AF and RF meter Check and correct errors in meter ad-
adjustment. justments following procedure in
Section 3, paragraphs 4e(2) and 4e
(3).
d. BFO signal level. Check and adjust injected BFO signal

level following procedure in Sec-
tion 3, paragraph 4e(4).

5. Keyer KY-79/UR

a. Balance Check and adjust balance of output
stage following procedure in Sec-
tion 3, paragraph 4d(2).

b. Audio frequencies Check and adjust audio oscillator fre-
quencies following procedure in
Section 3, paragraph 4d(1).

6. Ampiifier-detector Check and adjust oscillator frequency
AM-615/UR. following procedure in Section 3,
paragraph 4c.

TABLE 6-2. APPROXIMATE SIGNAL INPUT AT IF AND AF STAGES FOR 20-VOLT OUTPUT

BAND CHANGE APPROXIMATE
SWITCH POSITION FREQUENCY INPUT APPLIED TO INPUT VOLTAGE
Any Audio 400 cycles Pin 5, tube V17 3.5 volts
Any Audio 400 cycles Pin 2, tube V16B 0.3 volts
1.35-3.45 Mc Modulated 455 kc Pin 1, tube V11 0.35 volts
1.35-3.45 Mc Modulated 455 kc Pin 1, tube V10 6000 microvolts
1.35-3.45 Mc Modulated 455 k¢ Pin 1, tube V9 110 volts
1.35-3.45 Mc Modulated 455 kc Pin 1, tube V7 40  microvolts
1.35-3.45 Mc Modulated 455 kc Pin 7, tube V35 65 microvolts
7.40-14.8 Mc Modulated 3.955 Mc Pin 7, tube V5 40 microvolts
7.40-14.8 Mc Modulated 3.955 Mc Pin 7, tube V6 250 microvolts

6_2 ORIGINAL
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Section 7
Paragraph 1

SECTION 7
CORRECTIVE MAINTENANCE

1. INTRODUCTION.
WARNING

This equipment employs voltages which are
dangerous and may prove fatal if contacted.
Always observe all safety regulations and
precautions. Refer to the safety notices and
high voltage warning printed in the front of
this instruction book.

The twrouble shooting charts, tables 7-5 through
7-9; figures 4~1 through 4-7 and 7-2 through 7-23,
showing the parts positions; the voltage and resistance
charts, figures 7-26 through 7-30; winding data table
7-4; unit schematics, figures 7-30 through 7-36; and
the wiring diagrams, figures 7-37 and 7-38, are pro-
vided as aids in locating faults and facilitating their
repair.

The following equipment, in addition to the
normal maintenance tools, is necessary for trouble
shooting, repair, and alignment of Radio Receiving
Set AN/FRR-28.

a. A 20,000 ohms/volt multimeter, such as Navy
Model OE series or equivalent.

b. An electronic multimeter, such as Navy Model
OBQ series or equivalent.

¢. An oscilloscope, such as Navy Models OBL or
OBT series or equivalent.

d. One set of headphones.

e. An AF frequency meter.

f. An AF signal generator.

g. An RF signal generator range 400 kc-55 Mc.

bh. A seven-pin miniature tube socket adapter.

2. THEORY OF LOCALIZATION.

Since the Radio Receiving Set AN/FRR-28 is used
in different arrangements, and not all the units or
parts of units are used for every operation, there is no
one method of localizing the trouble to one unit.
However, the meter readings and monitoring output
signals, which are available at various points within
the equipment, will provide a means for locating de-

ORIGINAL

fective units. The wvarious trouble shooting charts,
tables 7-5 through 7-9, should provide adequate in-
formation for localizing the trouble to a point where,
by use of the voltage and resistance charts, the faulity
parts can be located.

3. SYSTEM TROUBLE SHOOTING.

For locating a faulty or weak unit, a visual check
of the meters and an audio check of the monitoring
signals that are provided will normally be sufficient.
A trouble shooting chart, table 7-5, is provided for
aiding in systematicaily checking the equipment.
Since not all of the units are in use in any one oper-
ation, it is only necessary to check those units that
are in use at the time the trouble develops.

4. UNIT TROUBLE SHOOTING.

The many meter and audio signal checkpoints that
are provided in the equipment should be used fully in
locating faulty components. Adequate use should also
be made of the various substitution sections, such as
the external BFO, as replacements. By making com-
plete use of the available means within the equip-
ment itself, it is possible to trace a source of trouble
to a particular section. The unit trouble shooting
charts, tables 7-6 through 7-9, are provided as an aid
in localizing the trouble. By means of the voltage and
resistance charts figures 7-26 through 7-29, the in-
operative components may be located.

5. ELECTRICAL ADJUSTMENTS.

a. GENERAL.—The electrical adjustments of all
the units included in the radio receiving set, except
for the alignment of the receiver, are described in
detail in Section 3. For the electrical adjustments of
the converter-comparator group that may be supplied,
refer to the appropriate NAVSHIPS instruction book.

b. RECEIVER R—450/FRR-28 ALIGNMENT.

(1) GENERAL.—The alignment of a modern
communications receiver requires precision instru-
ments and a thorough knowledge of the circuits in-
volved. Since this receiver is a double super-
heterodyne, the alignment procedure is even more in-
volved than usual.

7-1
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FAILURE

FAILURE REPORT must be filled

out for the failure of any part of the
equipment whether caused by defective or
worn parts, improper operation, or exter-
nal influences. It should be made on Fail-
ure Report, form NBS-383, which has
been designed to simplify this require-
ment. The card must be filled out and for-
warded to BUSHIPS in the franked en-
velope which is provided. Full instructions
are to be found on each card.

Use great care in filling the card out to
make certain it carries adequate informa-
tion. For example, under ‘“Reference Sym-
bol”” use the proper circuit identification
taken from the schematic drawings, such
as T-803, in the case of a transformer, or
R-207, for a resistor. Do not substitute
brevity for clarity. Use the back of the
card to completely describe the cause of

REPORTS

failure and attach an extra piece of paper
if necessary.

The purpose of this report is to inform
BUSHIPS of the cause and rate of fail-
ures. The information is used by the Bu-
reau in the design of future equipment
and in the maintenance of adequate sup-
plies to keep the present equipment going.
The cards you send in, together with those
from hundreds of other ships, furnish a
store of information permitting the Bu-
reau to keep in touch with the perform-
ance of the equipment of your ship and all
other ships of the Navy.

This report is not a requisition. You
must request the replacement of parts
through your Officer-in-Charge in the
usual manner.

Make certain you have a supply of Fail-
ure Report cards, and envelopes on board.
They may be obtained from any Elec-
tronics Officer.
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Figure 7-2. Receiver R—450/FRR-28, Rear View

Under normal service the receiver will stay in align-
ment for extremely long periods of time; consequently,
realignment should not be attempted unless all other
possible causes of a particular trouble have been
eliminated. When it has been determined that any
realignment should be attempted, a great deal of
caution should be exercised in making the adjust-
ments, as any required readjustment should not en-
tail more than a slight angular motion of the adjust
ing screw.

(2) ALIGNMENT OF THE IF STAGES.—The
low frequency IF should be aligned first. The recom-
mended method for aligning the low frequency IF
involves the use of a sweep frequency signal generator
and an oscilloscope. Since these instruments may not
be available, the alternate method using an amplitude
modulated signal generator and an output meter will
be described first.

The signal generator should be coupled to the grid
of mixer tube V5 through a capacitance of approxi-
mately .01 microfarad. A miniature tube adapter will
be required to make the mixer grid connection avail-
able. An output meter should be connected across the

ORIGINAL

output terminals of the receiver or the speaker voice
coil. The receiver controls should be set according to
table 7-1.

TABLE 7-1. RECEIVER CONTROL SETTINGS FOR
IF ALIGNMENT
CONTROL POSITION
SEND-REC REC
CW-MOD MOD
XTAL PHASING Arrow
AVC-MAN MAN
AUDIO GAIN Set for approximately
20 volts
RF GAIN See text
BAND SWITCH 1.35 - 3.45 Mc
DIAL 2.5 Mc
HFO INT.
AVC INT. BFO FAST
3.5 MC OSC. 3
IF GAIN Max
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Figure 7-3. Receiver R—~450/FRR-28, Top View

The signal generator should be modulated 30 per-
cent at 400 cycles. Turn the SELECTIVITY switch to
the “3 kc” position and advance the RF GAIN control
to maximum. Set the signal generator frequency to 455
kc and adjust its output until some deflection is noted
on the output meter. Refer to figure 7-3 for the loca-
tion of the various alignment adjustments. Adjust in-
ductors L42, L41, L39, L38, 1L36 and L32 for maximum
output, reducing the signal generator output and the
RF GAIN control as required to prevent overload or
excessive output. Now turn the SELECTIVITY switch
to the narrowest position, "2 kc”, and adjust the

7-4

signal generator frequency for the maximum output.
This establishes the correct signal frequency by the
455 kc crystal for the IF amplifier; the frequency
of the signal generator should not be disturbed for
the remainder of the low frequency IF alignment,
unless it should be to recheck this establishment of
crystal frequency to make sure that the signal genera-
tor frequency has not drifted during the alignment.
The SELECTIVITY switch is now turned to the
“3 kc” position and inductors 142, L41, L39, L38, L36,
and L32 are again adjusted for maximum output. Now
turn the SELECTIVITY switch to the "1.3 kc¢” posi-
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Figure 7-4. Receiver R—450/FRR-28, Bottom View, Location of Resistors

tion and adjust inductor L37 for maximum output.
Before changing this set-up, the BFO should be turned
on by throwing the CW-Mod switch to CW and
checked for zero beat with the BFO knob dial at its
zero reading. If necessary inductor L44 should be ad-
justed for zero output. This check and adjustment of
the BFO should be done with the signal generator
carrier unmodulated.

The procedure for the visual methoa of aligning the
low frequency IF should be the same as the above
except that the adjustments are made for both maxi-
mum amplitude and coincidence of the oscilloscope
images. The oscilloscope vertical input should be con-
nected across the diode detector lead resistance, from
the junction of resistors R64 and R65 to chassis.

The 3.5 Mc crystal oscillator used in the second
conversion oscillator circuit may be accurately ad-
justed to frequency by use of oscillator trimmer ca-

ORIGINAL

pacitor C101. To adjust the oscillator frequency, zero
beat a harmonic of a 500 kc or 100 kc crystal with
WWYV at 2.5 or 5 megacycles. A crystal harmonic may
then be used as a secondary standard against which
the 3.5 megacycle crystal may be zero beat.

The high frequency IF should be aligned next. Set
the band switch to the 7.4 - 14.8 Mc band. The SELEC-
TIVITY switch should be in the "3 kc” position.
Adjust the signal generator frequency to 3.955 mega-
cycles and adjust inductors L31, L33, and L34 for
maximum output.

The 3.5 megacycle crystal used in the second con-
version oscillator circuit may be used as a frequency
standard at multiples of 3.5 Mc from 10.5 Mc upwards.
In order to do this, in view of the complete shielding
against radiation from this oscillator, it will be neces-
sary to temporarily connect a two foot length of in-
sulated wire to the antenna terminal and dress the
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Figure 7-5. Receiver R—450/FRR-28, Bottom View, Location of Components

free end of this lead around the tube shield on the
3.5 Mc oscillator tube V8. This test lead should, of
course, be removed except while in use as a frequency
standard.

Upon completion of IF alignment procedure, adjust
IF gain control potentiometer R128 on rear of chassis.
The setting will depend on the terminal equipment
used. Connect the terminal equipment and short-
circuit the antenna. Turn the RF GAIN coantrol to
maximum and the IF GAIN down until the terminal
equipment does not operate improperly.

(3) ALIGNMENT OF THE RF AMPLIFIER
AND HFO ALIGNMENT.—To adequately align the
RF Amplifier and HF Oscillator an accurately cali-
brated signal generator and output meter are required.

7-6

The frequencies required are shown in table 7-3. The
location of the adjustments is shown in figure 7-3.
The adjusting screws are located under the holes, which
are covered with snap type buttons. The use of figure
7-3 should be made in following this part of the align-
ment which will now be described for one frequency
band. The same procedure should then be followed for
the other frequency bands.

To align the .54-1.35 Mc band the signal generator
is coupled to the antenna input terminal through a
100 ohm carbon resistor. The generator should be
modulated 30 percent at 400 cycles and the output
meter connected across the receiver output terminals.
The receiver controls should be set according to table
7-2.
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Figure 7-7. Receiver R—450/FRR—28, RF Strip, Left Side
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Figure 7—8. Radio Frequency Oscillator O~165/UR, Rear View

TABLE 7-2. RECEIVER CONTROL SETTINGS FOR Set the receiver and signal generator dials to .56 Mc.
RF AMPLIFIER AND HFO ALIGNMENT The RF GAIN control should be set at maximum and
the AVC-MAN switch set on AVC. The HF Osc. L
CONTROL POSITION j .
adjustment should now be set for maximum output.
SELECTIVITY 3 kc Then the Ant.,, Ist RF and 2nd RF L adjustments
SEND-REC REC should be set for maximum output. The receiver and
CW-MOD MOD signal generator dials are now set to 1.3 Mc, and the
AF GAIN Set for approx. 20 volts C adjustments should bf‘: ad'justed. for maximum ou‘tput
in the same order, beginning with the Osc. C adjust-
BAND SWITCH Set lfor b(;md to be ment and then making the C adjustments for the Ant.,
angne ist RF and 2n0d RF. This procedure should be care-
LIMITER-OFF OFF fully repeated until no increase in output can be
HFO INT. realized.

AVC INT. BFO FAST ) ) )
3.5 MC OSC. 3 Fox: t‘he frequenaﬁes shown in table 7-3, align the
remaining bands using the same procedure as above.
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Figure 7-9. Radio Frequency Oscillator O-165/UR, Top View
TABLE 7-3. RF AND HFO ALIGNMENT FREQUEN- (4) EXTERNAL HFO SIGNAL 455 KC AT-
CIES AND ADJUSTMENT DESIGNATIONS TENUATOR ADJUSTMENT.—When an external
HFO signal is applied to the receiver through EXT
FREQ. BAND RF & HF OSC. RF & HF OSC. HFO jack J6 it may contain some 455 kc signal voltage.
IN MEGACYCLES ADJUST L AT ADJUST C AT To avoid possible troublesome beat notes at the receiver
output from this 455 kc signal, it is removed from the
S54- 135 56 L3 input HFO signal by an attenuator network. To ad-
1.35~ 3.45 14 3.4 just this attenuator for maximum impedance at 455
345 7.4 3.75 7.15 k.c the followiflg procedure is‘ used: Feed a .455 ke
signal from a signal generator into EXT HFO jack J6
7.4 -14.8 7.5 14.5 and connect an oscilloscope across resistor R113. (See
14.8 -29.7 15.0 29.0 figure 7-4.) Vary inductor L58 and resistor R112,
hown in figure 7-2, until a null point is reached and
29.7 -54. 0.0 . S & ’ p

9.7 -54.0 3 °2.0 none of the 455 kc signal appears across resistor R113.
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Figure 7-10. Radio Frequency Oscillator O-165/UR, Bottom View
6. ASSEMBLY AND DISASSEMBLY OF RF tween 0000.0 and 10000.0 so that one of the shaft
OSCILLATOR O-165/UR OVEN. screws on the flexible coupling located between the out-
2. GENERAL.—The oscillator and dial assembly of side wall of the oven and the counter bevel-gear 18

accessible. Loosen the coupler set-screw on the side
closest to the oven. Rotate the oscillator dial to make
the other set-screw, 90° from the first one, accessible.

RF Oscillator O~165/UR are comparatively delicate and
must be handled” carefully. During assembly and dis-
assembly no excess force need be used, since each unit

is made to fit together and operate smoothly. While Lock the oscillator with the dial lock, then loosen
the inductor capacity assembly can be removed from its the coupling set-screw. This operation can easily be
position in Oscillator O-165/UR, the assembly itself performed from the bottom of Oscillator O~165/UR.
must never be taken apart. If tl3e assembly becomes CAUTION
defective it shoulq be replaced with a new one. After the second coupling set screw is

b. DISASSEMBLY.—When it becomes necessary to loosened, neither the oscillator dial nor the
dismantle the oven, care should be taken to follow variable condenser shaft must be turned.

the instructions below: .
mstrace b (2) Disconnect the oven connector P3 and P4 at

(1) Rotate the oscillator dial to a position be- the rear of oven. Remove the rear cover and celotex

7-10 ORIGINAL
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Figure 7-11. Radio Frequency Oscillator O—165/UR, Power Supply, Bottom View

insulation from the oven.

Remove oven mounting screws near the edges of the
nickel plated middle oven rear cover, then gently
draw out entire oven assembly.

CAUTION

Do not rotate the tuning condenser shaft.

(3) Remove the four screws at the top of the inner
oven shield, then remove the four screws at the bottom
of the shield. Gently remove the oven shield.

(4) To inspect the inductors L2 and L3, remove the
three screws on the top and three on the front of the
small shield box attached to the condenser.

The inductor-capacity assembly may be easily re-
moved by first unsoldering the tube cathode and grid
connections from the ends of the bakelite feed-through
connectors, unsoldering the trimmer condenser C22
lead and removing the three counter-sunk screws from

ORIGINAL

the bottom of the oscillator assembly. The assembly
may be pulled out and moved to one side to the extent
allowed by the inductor heater leads, terminated at the
resistor terminal board.

c¢. ASSEMBLY —The Oscillator O-165/UR oven
may be reassembled by following the directions below:
(1) Install inductor capacity assembly by first
inserting the three mounting screws at the bottom of
the assembly. Resolder the cathode, grid, and trimmer
condenser leads.

(2) Install the inductor shield cover by inserting
the six cover screws.

(3) Place oven shield in position and insert the
four top and four bottom mounting screws.

(4) Carefully insert oven assembly into the middle
oven, so that the tuning condenser shaft slips into the
shaft coupling.

7-11
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Figure 7—-12. Radio Frequency Oscillator O-165/UR, Middle Oven

(5) Insert all rear middle oven mounting screws. Accordingly, close the variable capacitor so that the
(6) Tighten the shaft coupling set-screw that tip of the rotor plates are 1/16” above the tip of the
is accessible, while keeping oscillator dial locked. stator plates. Rotate the oscillator dial to 0000.0 and
(7) Loosen the oscillator dial lock, rotate the other lock it into position with the dial lock. Insert the
set-screw into accessible position, and tighten set-screw. oscillator assembly into the oven and install middle

oven rear mounting sCrews.
(8) Replace rear celotex and cover plate. &

(9) Insert oven connectors in place Tighten the shaft coupling screw, which is in ac-

cessible position. The shaft coupling screw is accessible

d. REPOSITIONING OF VARIABLE CAPACI- at the bottom of the equipment, between the oven front
TOR.—In case the relative position of the tuning ca- and the front panel bottom brace. Loosen the dial lock,
pacitor and the dial is changed, either by accident or rotate the other coupling set-screw into accessible po-
by necessity, it is important that prior to assembly, sition, then tighten it. The rear insulation cover
the position of the variable capacitor and dial be fixed plate and connectors may then be attached and the
properly. equipment is ready to be put into service.
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Figure 7-13. Radio Frequency Oscillator O-165/UR, Inner Oven, Covers Removed
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Figure 7—14. Radio Frequency Oscillator O—165/UR, Inner Oven, Tuning Unit Removed
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Figure 7-15. Radio Frequency Oscillator O-165/UR, Multiplier Tuning Assembly, Right Side
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Figure 7—16. Radio Frequency Oscillator O—-165/UR, Multiplier Tuning Assembly, Left Side

ORIGINAL 7-15




7-16

NAVSHIPS 91582
AN/FRR-28

CORRECTIVE
MAINTENANCE

LE WPUT

LEANPUT €

UNIT 9
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Figure 7—18. Amplifier-Detector AM-615/UR, Top View
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Figure 7-21. Keyer KY—-79/UR, Botlom View
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Figure 7-23. Communication Patching Panel $B~224/UR, Front, Top, and Rear Views
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OUTPUT MEASURED ACROSS A 600 OHM RESISTANCE LOAD.
AUDIO GAIN CONTROL AT MAXIMUM FOR BOTH CURVES.

Figure 7—-24. Receiver R—450/FRR—-28, Frequency Response Curves
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7 Section NAVSHIPS 91582 CORRECTIVE
AN/FRR-28 MAINTENANCE

1000 fe 2 3 s e 654 3 2 Il

100 , f
) |
- \ \
o ]
a.
=
[¥%)
2 i
=z
<
<
[42]
[TV ]
[+ 4
[72]
[FV]
=
-
10 X i
. |

m——————
\.

N

! 15 0 5 0 5 0 15
KC OFF RESONANCE

NUMBERS DENOTE SELECTIVITY SWITCH POSITIONS
1,2 AND 3 NONCRYSTAL —4,5AND 6 CRYSTAL

s

Figure 7—25. Receiver R—450/FRR-28, Overall Selectivity at 2 Megacycles
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CORRECTIVE NAVSHIPS 91582 Section 7
MAINTENANCE AN/FRR-28
TABLE 7-4. WINDING DATA
52 s
DESIG- n=wn Z0
NATION PART WIRE Wy s < =
9x 2% REMARKS
SYMBOL NO. DIAGRAM WINDING SIZE TURNS G20 o :t‘
<
a =
L2-1 HMM 31245 sec.sTarT -} [+37/32 Primary: No. 36 AWG 23 Primary inductance:
‘1 single pie SSE 11 £ h,
3 Secondary : No. 36 AWG 50/pie Primary Q = 30 at
3 pies SSE 2.26 Me.
Secondary inductance:
237 u h.
Secondary Q =— 45 at
15/32 505 Ke
L2-2 HMM 31249 Primary : No. 34 AWG 10-1/4 Primary close wound.
SEC. START 1.STARY single layer DSC Secondary inductance:
Secondary: 15/44 SSE 23/pie 36 u h.
3 pies Litz Secondary Q == 90 at
1280 ke.
EC.
5/32" PRI FiNISH
18/ . .
1116 FINISH
L2-3 HMM 31252 SEC. FINISH PRLSTART Primary: No. 34 AWG 5-1/4 Primary : close wound.
single layer DSC Primary and secondary
=) Secondary : No. 28 AWG 56 wound in clockwise
M !u single layer E direction.
518 i
\l__.l )
SEC.
PR START
PRI FINISH
PRI, START -
L2-4 HMM 31255 Primary : No. 34 AWG 4-1/4 Primary close wound.
single layer DSC Primary and secondary
Secondary : No. 22 AWG 11 5/6 wound in clockwise
single layer Bare direction.
tinned
copper
PRI SEG
PRIFINISH START
L2-5 HMM 31258 SEC.FINISH PRLSTART | Primary: No. 34 AWG 8-1/4 Primary close wound.
single layer DSC Primary and secondary
€= Secondary : No. 20 AWG 7-5/6 wound in clockwise
545" 0o single layer Bare direction.
° tinned
copper
SEC
PRI FINISH START
HMM 81261 | SEC.FINISH PRI START | Primary: No. 34 AWG 2-1/4 Primary close wound.
- single layer DSC Primary and secondary
Secondary : No. 20 AWG 2-5/6 wound in clockwise
single layer Bare direction.
tinned
copper
SEC.
PRI.FINISH START
L2-7 ARTD 15612} [&1 /dsle—— 3/4" 1172w | 4 pie No. 36 AWG 60/pie Inductance:
N 532" universal SSE total coil 192 & h.
"
1716 EACH .20
e
3/8" 1716" EACH
" “
L2-8 HMM 31246 3/32 Y e Primary : No. 34 AWG 4-1/4 Primary close wound.
SEC.STARY FINISH single layer{ DSC Secondary inductance:
Secondary: No. 36 AWG 50/pie 237 u h.
3 pies SSE Secondary Q — 45 at
605 ke.
PRI.
VAR STARY
15/32 PRI
FINISH

Note: For Manufacturers Designation Symbols see Table 8-7.
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7 Section

NAVSHIPS 91582 CORRECTIVE
AN/FRR-28 MAINTENANCE
TABLE 7-4. WINDING DATA (Continued)
- w
DESIG- a Zz - g
NATION PART WIRE WwsE <
SYMBOL NO. DIAGRAM WINDING SIZE TURNS S £3 2 REMARKS
o
s £
L2-9 HMM 31250 332t o o a6 Primary: | No. 34 AWG 3-1/4 Primary close wound.
SEC.START ¢ i [ FINISH single layer DSC Secondary inductance:
Secondary: 15/44 SSE 23/pie 36 u h.
3 pies Litz Secondary Q — 90 at
1280 ke.
\PRI.
/T START
15/32" " PRI,
%€ TTEiNIsH
L2-10 HMM 31253 SEC.FINISH PRI.& SEC. START Primary : No. 34 AWG 3-1/4 Primary close wound.
single layer DSC Primary and secondary
Secondary: No. 28 AWG 25-5/24 wound in clockwise
single layer E direction.
PRLFINISH
L2-11 HMM 31256 SEC. FINISH s gRI-QSEQSTART Primary : No. 34 AWG 2-1/4 Primary close wound.
: single layer DSC Primary and secondary
Secondary: No. 22 AWG 12-5/24 wound in clockwise
. single layer Bare direction.
530 tinned
copper
PRL pRLFINISH
1212 HMM 31259 SEC.FiNISH PRI, START Primary : No. 34 AWG 6-1/4 Primary close wound.
single layer DSC Primary and secondary
= Secondary : No. 22 AWG 9-5/6 wound in clockwise
y A4 < - single layer Bare direction.
520" O Hir <% tinned
4L copper
PRI FINISH et
1.2 13 HMM 31262 SEC. PRIMARY SEC Primary: No. 34 AWG 2-1/12 Primary turns inter-
TERMINAL _ LEAD TERMINAL single layer DSC wound between sce
Secondary : No. 20 AWG 4-2/3 ondary turns.
single layer Bare
tinned
copper
SEC. PRIMARY LEAD
L2-14
{Same as
L2-7)
1.2-15
(Same as
L2-8)
1.2-16
(Same as
L2-9)
L2-17
(Same as
1.2-10)
L2-18
(Same as
L2-11)
L2-19
(Same as
L2-12)
1.2-20
{Samc as
L2-13)

Note: For Manufacturers Designation Symbols see Table 8-7.
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Section 7

CORRECTIVE NAVSHIPS 91582
MAINTENANCE AN/FRR-28
TABLE 7-4. WINDING DATA (Continued)
= ™
DESIG- az 9
w v Z
NATION PART WIRE 2.2 | 22
SYMBOL NO. DIAGRAM WINDING SIZE TURNS S g g Q g REMARKS
< o
a S
L2-25 HMM 31244 PRI, Primary : No. 36 AWG 18 Primary inductance:
SEC.START START | * Single pie SSE 8 & b
Secondary: No. 36 AWG 36/pie Primary Q= 35 at
3 pies SSE 2760 ke
Secondary induectance:
128 g h.
SEC. Secondary Q — 45 at
. FiNISH 710 ke.
15732 PRI,
FINISH N
L2-26 HMM 81248 5/64" 116" Primary: No. 34 AWG 16-1/4 Primary close wound.
SEC.START PRI single layer B Secondary inductance:
) START | Secondary: 15/44 SSE 18/pie 26 u h.
3 pies Litz Secondary Q = 82 at
1480 ke.
\NSEC.
a ' FINISH
15/32" /16" M ‘_PRI,
FINISH
L2-27 HMM 31251 SEC.FINISH PRIL8 SEC START Primary : No. 34 AWG 5-1/4 Primary close wound.
single layer DSC 23-5/24 Primary and secondary
Secondary : No. 28 AWG wound in clockwise
single layer E direction.
PRILFINISH
L2-28 HMM 381254 Single layer | No. 24 AWG 17-5/6 Wound in clockwise
*'T - Bare direction.
518" tinned
copper
L2-29 HMM 31257 " Sipgle layer No. 20 AWG 8-5/6 Wound in cloekwise
€2 . Bare direction.
(o) SR [.545 tinned
! ¢ copper
1.2-30 HMM 31260 Il Single layer No. 20 AWG 4-2/3 Wound in clockwise
j14D) _r‘ Bare direction.
O 558" tinned
copper
L2-35
(Same as
L2-7)
L2-47 ARTD 15616 2 pie No. 36 AWG 498 /pie Q = 45 at 200 kec.
universal SBE
L.2-48 JFE 15611 N Single layer No. 34 AWG 110 2 Inductance — 22 u h.
1172 “/2'—-‘ E close wound.
W
f _______ w
[~
178"

Note: For Manufacturers Designation Symbols see Table 8-7.
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7 Section NAVSHIPS 91582 CORRECTIVE
AN/FRR-28 MAINTENANCE

TABLE 7-4. WINDING DATA (Continued)

= w
DESIG- a Zz “ tz)
NATION PART WIRE W= <
SYMBOL NO. DIAGRAM WINDING SIZE TURNS S S g a REMARKS
< o
a =
L.2--49 ARTD 15613 " Single layer No. 35 AWG 117 2.7 Inductance = 26 u h.
E close wound.
—11/2" 12
L2-50
(Same as
1.2-49)
L2-51 UNT 31030 150 Inductance: 8.5 h at
60 cps.
Current rating: 150
ma.
L2-52 UNT 31031 354 Inductance: 20 h at
60 cps.
Current rating: 115
ma.
3"0
"— 3 3/4> 9/i6"
3"sae
L2-54 MLR 958 Pie duo- No. 36 AWG | 1,560 130 Inductance: 50 mh at
,Q—-u |/e"»1 lateral SCCE 1,000 cycles.
Current rating :
100 ma.
L2-55 MLR 694 ¥ Pie duo- No. 36 AWG | 2,430 230 Inductance: 80 mh at
w 58" lateral SNCE 1,000 cycles.
t ) 172 Current rating :
L 100 ma.
/2
"
18 4
L2 -58 NRCO Pie No. 40 AWG 37 2.3 Inductance: 21 to 51
A159118 universal scC mh at 2.5 me.
Adjustable iron core.
1.3-1 FTC 14800 Single layer No. 31 AWG 2,820 160 Inductance: 7 henries.
per NRCO PE Current rating:
spec. 108 110 ma.
RMS test voltage:
1,500.
Varnish impregnated,
piteh filled.

Note: For Manufacturers Designation Symbols see Table 8-7.
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CORRECTIVE NAVSHIPS 91582 Section 7
MAINTENANCE AN/FRR-28
TABLE 7-4. WINDING DATA (Continued)
- w
DESIG- a = - tzJ
NATION PART WIRE [ <2
SYMBOL NO. DIAGRAM WINDING SIZE TURNS S g g 2 ; REMARKS
P4 o,
a E-
1.3-2 NRCO 5/8" Single layer No. 24 AWG 14 0.045 Inductance: 1.72 4 h
AD5A41 E to 32 4 h at 7.9
Me.
C == - Adjustable iren core.
4 =
A Y RN S
e— 113716" ——f
U S —
L3-3 NRCO Single layer No. 22 AWG 38 0.22 Inductance: 27.5 x h
AD5A43 at 2.6 Me.
b i
— 2" —]
— 2 3/8"—»|
fe—2 3/4"
L3-4 NRCO 12" Primary: 7/41 Litz 30 0.88 Primary inductance:
AD5A36 universal 26 u h at 2.5 Mec.
~ - - L~ Secondary: No. 28 AWG 4 0.18 Secondary inductance:
i | RSN Y = single layer not critical.
Frequency range: 2 to
2" 4 Me.
3 /2" Adjustable iron core.
L3-5 NRCO Primary: No. 36 AWG 20 0.2 Primary induectance:
AD5A37 single layer .5 # h at 7.9 Me.
Secondary : No. 36 AWG 3-1/4 0.05 Secondary inductance:
single layer not critical.
Frequency range: 4 to
8 Me.
Adjustable iron core.
L.3-6 NRCO Primary: No. 28 AWG 8-1/4 0.10 Primary inductance:
AD5A38 single layer 1.6 # h at 7.9 Me.
Secondary : No. 28 AWG 2-1/4 0.04 Secondary inductance:
single layer not eritical.
Frequency range 8 to
16Mec.
Adjustable iron core.
L3-7 NRCO Primary: No. 20 AWG 5-1/4 0.02 Primary inductance:
AD5A39 single layer 0.4 4 h at 2.5 Mec.
Secondary : No. 20 AWG 1-1/4 0.015 Secondary inductance:
single layer not critical.
Frequency range: 16
to 32 Mec.
Adjustable iron core.
L3-8 NRCO A110482 348" Single No. 30 AWG 183 Resistor and coil type
per Spec. 183 bl B parasitic suppressor.
ﬂ l% AC volts: 6.8
Amp. 0.15
L 378" Inductance: 30 mh.
/ ‘i Resistor: 100,000 ohm,
2W.
L3-9
(Same as
L3-8)
L3-10
(Same as
L3-8)

Note: For Manufacturers Designation Symbols see Table 8-7.

ORIGINAL

7-27




7 section NAVSHIPS 91582 CORRECTIVE
AN/FRR-28 MAINTENANCE
TABLE 7-4. WINDING DATA (Continued)
"
DESIG nz ¥
NATION PART WIRE 2.2 | 2
SYMBOL NoO. DIAGRAM WINDING SIZE TURNS | (23 a REMARKS
< ™
a 3

Lo-1 FTC 14801 2 3/:0" 2 3/4" Layer No. 83 AWG | 3,210 250 Inductance: 10
per NRCO 1374 PE henries.
spec. 117 Current rating : 75 ma,

® RMS test voltage:
N q\; 1,500 V.
N Varnish impregnated,
@ l pitch filled.

L9-2 NAC | » | 4 pie No. 36 AWG 878 44 *+ Inductance: 2.5 mh at

R100 U =——2u/18tiis - | universal SNCE 16% 1,000 eycles.
Current rating: 100
ma.

L9-3

(Same as

L9-1)

L10-1

(Same as

L9-1)

L10-2

(Same as

L9-1)

T1 1 FTC 14803 Primary No. 34 AWG 924 68 Primary impedance:
per NRCO 6 i2 101019 7 Secondary PE 500/3388/250/200/
spec. 191 No. 26 AWG 320 3 125/50 ohms.

PE Secondary impedance :
60/38/30/22/15/10/
5.5/2.5 ohms.

RMS test voltage:
500 V.
s 4 23 | Wax impregnated,
pitch filled.

T2 7 UNT Primary impedance:

31086-2 10,000 ohms.
Primary current rat-
i 3 2 4 s ing: 40 ma.
w w w Secondary impedance:
—_ 8,000 ohms tapped
STTTTTTHTTD 3 600 Jhms:
> 4 Secondary current rat-
ing: 60 ma.
Turns ratio: 38:1.
Electrostatic shield.
0Oil filled.

T2--8 UNT Input: 95/105/117/

31029-2 130/190/210/234/
sec 260 v AC.
I‘éﬁ; T 0 16 15 W '%9_; O‘ﬁgfltl:; 5S'§c$'r‘dary

STETETETETETLTE T Secondary No. 2; 6.0v

9 8 7 6 5 4 3 i CT'
Secondary No. 3; 6.3v
Secondary 4 & 5; 7.5

v.
Oil impregnated
Note: For Manufacturers Designation Symbols see Table 8-7.
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CORRECTIVE NAVSHIPS 91582 Section 7
MAINTENANCE AN/FRR-28

TABLE 7-4. WINDING DATA (Continued)

= w
DESIG- 2z g
NATION PART WIRE 4,2 1 28
SYMBOL NO. DIAGRAM WINDING SIZE TURNS g ‘2’ g a E REMARKS
o -8
a =

T8-1 FTC 18287 Primary: No. 23 AWG 230 Input: 110/220 v AC,
per NRCO No. 1 PE 50/60 cycles, single
spec, 181 4 3 2 | Primary: No. 23 AWG 230 phase.

No. 2 PE QOutput: Secondary
i l I P Secondary: No. 30 AWG 1560 tap No. 1; 700 v CT,
No. 1 PE at 776 120 ma.
Secondary: 2 No. 20 1 Secondary No. 2; 5V,
s No. 2 AWG PE 3 amp.
Secondary: 2 No. 18 14 Secondary No. 3;
No. 3 AWG PE 6.3V, 3 amp.

8 THOH0 95 8 Ingulation: Varnish
impregnated, pitch
filled.

T9-1 FTC 14798 Primary : No. 28 AWG 4538 Input: 110/220 v AC,
per NRCO No. 1 PE 50/60 cycles, singlel
spec. 109 Secondary: No. 36 AWG | 2770 tap phase.

a 23 ! No. 1 PE at 1385 QOutput: Secondary

i l l ] P | Secondary: | No.20 AWG 22 Ne. 1; 590 v CT,

No. 2 PE 50 mas.
Secondary: No. 20 AWG 28 tap Secondary No. 2; 5V,

m l‘dﬂ?‘b‘o’l ms No. 8 PE at 14 2 amp.

Seeondary No. 3;
6.3V, 2 amp.

7 s 10 s iz & Insulation: Varnish
impregnated, pitch

filled.

T9-2 NRCO Primary: 7/41 Litz 86 2.4 Primary inductance:
Al11114 L - Pie 0.122 mh at 7.9 ke.

T/16 /16 universal Secondary inductance:
{ Secondary: 7/41 Litz 57 i.5 0.056 mh at 2.5 Mec.
" Pie
)"3" “i universal

T10-1

(Same as

T9-1) N

T10-2 FTC 14797 5 2 f 3 Primary No. 40 AWG 5860 tap 1300 Primary impedance:
per NRCO PE at 2930 20,000 ohms.
spee. 111 l ‘ l 000 l P Secondary No. 34 AWG 922 tap 60 Secondary impedance:

PE at 461 600 ohms CT.
RMS test voltage:
S 500 V.
Wax impregnated,

7 4 [ pitch filled.

T10-3 FTC 14795 Primary No. 36 AWG 1060 1.25 Primary impedance:
per NRCO !5 32 6 4 PE 500/333,/250,/200/
spec, 110 P Secondary No. 42 AWG | 16,400 7000 125/60 chms.

PE tap at Secondary impedance :
8200 120,000 ohms CT.
mmwwn‘ls RMS test voltage:
500 V.
7 a 9 Wax impregnated,
pitch filled.

Note: For Manufacturers Designation Symbols see Table 8-7.
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NAVSHIPS 91582
AN/FRR-28

NAVSHIPS 91582

Section 7
AN/FRR-28

PILOT & DIAL

ALL LAMPS

NOT LIT

MAIN POWER SWITCH

15 AMP FUSES Fi12-1, F12-2
AC POWER SOURCE

MAIN POWER CABLE

LAMPS
DO NOT LIGHT LIGHT OK
LAMPS ON ONE UNIT
NOT LIT RECEIVER

SEE INDIVIDUAL
UNIT TROUBLE-SHOOTING
CHART, TABLES 7-6 to 7-9

WEAK OR NO OUTPUT

AUDIO OUTPUT

OUTPUT OK

¢

USING INTERNAL HFO & BFO

-

USING EXTERNAL HFO OR BFO

SEE TROUBLE-SHOOTING
CHART, TABLE 7-6

SEE TROUBLE-SHOOTING
CHARTS, TABLES 7-6 & 7-7

WEAK OR NO OUTPUT

R

AMP. DET.
AM-615/UR
OuUTPUT

OUTPUT OK

¢

USING INTERNAL HFO

SEE TROUBLE-SHOOTING
CHARTS, TABLES 7-6 & 7-8

r

USING EXTERNAL HFO

SEE TROUBLE-SHOOTING

KEYER KY-79/UR

v

USING INTERNAL HFO
SEE TROUBLE-SHOOTING
CHARTS, TABLES 7-6 & 7-9

CHARTS, TABLES 7-6, 7-7, 7-8 OUTPUT

WEAK OR NO OUTPUT OUTPUT OK
USING EXTERNAL HFO CONVERTER-
SEE TROUBLE-SHOOTING COMPARATOR
CHARTS, TABLES 76, 7-7, 7-9 OUTPUT

WEAK OR NO OUTPUT

'S

‘

USING INTERNAL HFO

SEE TROUBLE-SHOOTING
CHART, TABLE 7-6 AND
CONVERTER-COMPARATOR
INSTRUCTION BOOK

USING EXTERNAL HFO

SEE TROQUBLE-SHOOTING
CHARTS, TABLES 7-6 & 7-7 AND
CONVERTER-COMPARATOR
INSTRUCTION BOOK

Table 7—5. Overall Trouble-Shooting Chart
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NAVSHIPS 91582
AN/FRR-28

NAVSHIPS 91582

Section 7

¢

FILAMENTS DO NOT GLOW
ON-OFF SWITCH S10

AC LINE AND CONNECTORS
3 AMP. FUSE F1

P.S. TRANSFORMER

|

FILAMENTS GLOW

DIAL LAMPS

1

TUBES V18, V19
FUSE F2
P.S. TRANSFORMER

\ 2

NO READING ON RF OR AF
NOISE PRESENT IN SPEAKER

']

READS ONLY ON RF
TUBES V16B, V17

L 2

NO READING, & NO
NOISE IN_SPEAKER

AN/FRR-28
DO NOT LIGHT DIAL LAMPS
NOT GLOWING 1 l-' LIGHTS OK
TUBE V18
Lv oK
f METER
READS ON RF 1

NO IF OUTPUT

HOK ON RF & AF

ANTENNA, CABLE LNk ON B TUBES V1, V2, V4, V5, TUBE VI6A
J1, P2, P3 CONNECTORS 19 V6, V7, V8, V9, V10, V11 CONNECTORS
CABLING AUDIO OUTPUT
NO SIGNAL OUTPUT OUTPUT OK ON ALL BANDS
\ 4 2 L 2
IN ONE BAND IN. 54-7.4 Mc RANGE IN 7.4554 Mc RANGE
POSITION SWITCH S4 SWITCH S4 BAND CHANGE
TURRET STRIPS TUBE V7 TUBES V6 & V8 SWITCH S1
FOR BAND TRANSFORMER T1 TRANSFORMERS T1 & T2 "
NO SIGNAL OUTPUT OUTPUT OK
IN_EXT POSITION {
CABLE & J4, P4 CONNECTORS %1_13_1}‘31_1“5_08_!11@_
NOT GLOWING OK
PHONE OUTPUT SPEAKER OUTPUT
NO_SPEAKER _QUTPUT NO PHONE OUTPUT
SPEAKER UNIT HEADPHONES
CONNECTORS CONNECTORS AVC SWITCH
CABLES CABLE

NO SIGNAL OUTPUT

l OUTPUT OK

e

IN POSITION 2

SWITCH S§13

CABLE AND CONNECTORS
OTHER RECEIVER

v

IN POSITION 1 OR 3
SWITCHES 84, S5, S13
CRYSTAL Y7

3.5 MC OSC SWITCH 815

NO BFO OUTPUT

0K

1

IN _EXT POSITIONS
SWITCH S14

TUBES V12, V13

CABLES & CONNECTORS
EXTERNAL BFO CIRCUIT

v

IN INT POSITIONS
SWITCH S14
TUBES V12, V13
BFO COMPONENTS

L 2

SWITCH S6
TUBE V15
CAPACITOR C144

LIMITER SWITCH

J

Table 7—6. Receiver R—450/FRR-28 Trouble-Shooting Chart
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NAVSHIPS 91582 NAVSHIPS 91582 Section 7

AN/FRR-28 AN/FRR-28
PRIMARY POWER
LAMP
DOES NOT LIGHT LIGHTS OK
FILAMENTS DO NOT GLOW ; £ 1
O D CONNECTORS FILAMENTS GLOW _____ OVEN-HEATER
FUSES FL, F2 PRIMARY POWER LAMP LAMP
P.S. TRANSFORMER
DOES NOT LIGHT LIGHTS OK
OVEN -HEATER LAMP 1
RELAY M2 HFO XTAL
HEATER CIRCUITS & SWITCH S6
CONNECTORS
NO HFO METER READING OK
IN MO POSITION IN_POSITIONS 1, 2, 3
SWITCHES S2, S5, & S6 SWITCHES S2, 55, & S6
TUBES V1 & V2 TUBES V7, & V8 HFO OUTPUT
CONNECTORS J3, P3 TRANSFORMER T1

NO HF OUTPUT METER READING HFO OUTPUT OK

SWITCHES 85, S6, S7, S2 1

TUBES V10, V12, V4, V5, V11 ;
CRYSTAL CR1 BFO SWITCH S8

NO BFO METER READING OK

SWITCHES 83, S8, 85 1
TUBE V9 BFO OUTPUT

BFO CRYSTAL

BFO OUTPUT OK

NO BFO OUTPUT METER READING BFO OUTPUT OK
SWITCHES 83, 85 CALIBRATION
TUBE V9
CRYSTAL CR 2 OUTPUT
NO AUDIO OUTPUT J
TUBE V6
CONNECTORS J3, P3, J6
HEADPHONES

Table 7-7. RF Oscillaior O-165/UR
Trouble-Shooting Chart
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NAVSHIPS 91582

AN/FRR-28

NAVSHIPS 91582
AN/FRR-28

PILOT
LAMP

DOES NOT LIGHT

L LIGHTS OK

NO FILAMENTS GLOW
ON-OFF SWITCH

AC LINE & CONNECTORS
2 AMP. FUSE

P.S. TRANSFORMER

v

FILAMENTS

GLOW

PILOT

LAMP VR105
TUBE V5

DOES NOT GLOW

TUBE V5 GLOWS

]

TUBES V3 & V5
P.S. CIRCUIT
P.S. TRANSFORMER

MONITORING SIGNAL
IN BOTH POSITIONS
OF INPUT SELECTOR
SWITCH

NO AUDIO OUTPUT SIGNAL

OK

.

v

CABLING, JACKS, & PLUGS
TUBES V1, V2, & V4
HEADPHONES

RECEIVERS

I

MONITORING SIGNAL
IN ONE POSITION

OF INPUT SELECTOR
SWITCH

NO AUDIO OUTPUT SIGNAL

OK

v

INPUT SELECTOR SWITCH,
CABLING, JACKS, PLUGS,
AND ASSOCIATED RECEIVER

CANNOT ZERO-BEAT

i

Section 7

ZERO-BEAT INPUT

TUNING CONTROL

IF SIGNAL BY VARYING

J

OSCILLATOR CIRCUIT
CAPACITOR C22 NOT
ADJUSTED

Trouble 7-8. Amplifier-Detector AM—615/UR

Trouble-Shooting Chart

7-37—7-38



NAVSHIPS 91582

NAVSHIPS 91582 Section 7.

AN/FRR-28 AN/FRR-28
PILOT LAMP
DOES NOT LIGHT LIGHTS OK
NO FILAMENTS GLOW { ‘
ON-OFF SWITCH FILAMENTS
AC LINE & CONNECTORS GLOW
2 AMP FUSE PILOT TAMP TONE OUTPUT WITH KEYING
P.S. TRANSFORMER LEVEL SWITCH TO RELAY AND
ONLY PHONES CONNECTED
TO KEYER UNIT
NO TONE OUTPUT oK
SWITCH $2 1
TUBES V1, V2, V4, V5, & V8
HEADPHONES
TONE OUTPUT
WITH INPUT
DC SIGNAL
NO TONE OUTPUT OK
TUBES V6, V10, V11, SWITCH §2 A 4
CABLES & CONNECTORS
RECEIVER TONE OUTPUT
WITH INPUT
TONE SIGNAL
NO TONE OUTPUT OK
SWITCH S2 1
EE}?I}EEW CONNECTORS TONE OUTPUT
RECEIV%R IN ANY ONE
, POSITION OF
OUTPUT FREQUENCY
SWITCH
NO TONE OUTPUT D)

«

ASSOCIATED
OSCILLATOR
COMPONENTS

Table 7-9. Keyer KY-=79/UR Trouble-Shooting Chart
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v320 VO
R27K RO

8T-id/NV
T8S16 SAIHSAVN

DY 92UDJSISOY PUB 96DJOA ‘8Z—YY1/0St—Y 19A19309Y "9g—£ 21nbBig

NOTE: ALL VOLTAGE AND RESISTANCE
READINGS TAKEN WITH A
20,000 OHM/VOLT METER.
FRONT
CONTROL SETTINGS % BANDCHANGE SWITCH SET ASOVE 7.4 MEGACYCLES $4 WHEN AVC SWITCH IS SET TO EXT BFO,
CONTROL SETTING % % BANDCHANGE SWITCH SET BELOW 7.4 MEGACYCLES :gELgﬁgl?lNGS FOR TUBE VI3 ARE AS
RF GAIN MAX + WHEN HFO SWITCH IS SET TOINT, THE READINGS '
' FOR TUBE V4 ARE AS FOLLOWS'
BFO INT
35 MC 0SC IOR3 PIN v R PIN v R
HFO EXT
AvVC INT BFO I 152 30K f 54 180K
BFO INT MAX 2 152 30K 2 54 180K
IF GAIN MAX 3 63AC | o 3 6.3AC o0
AUDIO GAIN MIN 4 0 o a o o
MOD-CW cwW 5 -42 80K 5 -2 120K
SEND-RECEIVE | RECEIVE 6 -5 47K 6 -42 140K
AVC-MAN AVC 7 o 0 7 o 0

8TYUI/NV
T8S516 SAIHSAVN
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CONTROL SETTINGS

CONTROL SETTING
DIAL UNITS 0000.0

HFO . " ON

BFO ON
HFO-XTAL L2O0R 3

OUTPUT FREQUENCY 2MC

FREQUENCY RANGE 16-32MC
HF QUTPUT MAXIMUM
CAL QUTPUT MAXIMUM

XAWITH HFO XTAL SWITCH AT MO, VOLTAGE IS
ZERO,RESISTANCE IS INFINITE

*%%WITH HFO XTAL SWITCH AT MO, VOLTAGE AND
RESISTANCE ARE ZERO

# WITH FREQUENCY RANGE SWITCH AT "2-4"0R
"4-8, AND HF QUTPUT AT MAXIMUM, RESISTANCE
iS 30K. WITH FREQUENCY SELECTOR SWITCH
AT "8-16" OR "16-32', AND HF OUTPUT AT MINIMUM,
RESISTANCE IS 105K. WITH FREQUENCY RANGE
SWITCH AT “2-4" OR"4-8) AND HF QUTPUT
SWITCH AT MINIMUM,RESISTANCE IS 4.7 K.

++ WITH HF OUTPUT AT MINIMUM AND FREQUENCY
SELECTOR SWITCH AT "16-32" RESISTANCE IS
47K WITH FREQUENCY SELECTOR SWITCH AT
“2-4","4-8", OR"8-16", RESISTANCE IS INFINITE,

NOTE: ALL VOLTAGE AND RESISTANCE READINGS
TAKEN WITH A 20,000 OHM/VOLT METER

BOTTOM

8C—dA¥I/NVY
T8SL6 SAIHSAVYN

8T—YUI/NV
T8S16 SAIHSAVN
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NAVSHIPS 91582
AN/FRR-28

NAVSHIPS 91582 Section 7
AN/FRR-28

OUTPUT LEVEL SWITCH AT MAXIMUM POSITION

# WHEN OUTPUT LEVEL SWITCH IS AT MINIMUM
POSITION READING IS O VOLTS

* % VOLTAGE MEASURED BETWEEN PINS 2 AND 8

NOTE: ALL VOLTAGE AND RESISTANCE READINGS
TAKEN WITH A 20,000 OHM/VOLT METER.

doL

Figure 7-28. Amplifier-Detector AM—615/UR,
Voltage and Resistance Chart
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NAVSHIPS 91582 Section 7

AN/FRR-28

NOTE: ALL VOLTAGE AND RESIST-
ANGE READINGS TAKEN
WITH A 20,000 OHM/VOLT
METER.

OUTPUT FREQUENCY SWITCH AT
"2125" CPS

OUTPUT LEVEL CONTROL AT
MAXIMUM

KEYING WAVE SWITCH AT RELAY

¥ ON 50 VOLT SCALE

% & READING WITH OUTPUT
FREQUENCY SWITCH AT '2125
CPS. WITH SWITCH AT OTHER
POSITIONS, THE FOLLOWING ARE
THE RESISTANCE READINGS:

OUTPUT FREQ. RESISTANCE

SWITCH POS.
425............. 2.07 MEGOHMS
765............. .15 MEGOHMS
HosS............ 793K
1445............ 610K
1785............ 492K

% % ¥ RESISTANCE IS 400K WHEN
KEYING WAVE SWITCH IS AT TONE
OR DC +

XK XZRESISTANCE 1S 940K IN
ALL OTHER POSITIONS OF KEYING
WAVE SWITCH

# RESISTANGE 1S O WHEN
KEYING WAVE SWITCH IS AT DC-

¥4 VOLTAGE MEASURED
BETWEEN PINS 2 AND 8

Figure 7-29. Keyer KY-79/UR,
Voltage and Resistance Chart

7-47—7-48



Section 7

NAVSHIPS 91582
AN/FRR-28

NAVSHIPS 91582
AN/FRR-28

p
sm mmmﬁllla IIIIIIII
~
00 _———— _ __BNVHO aQNve e N
ezic Y X I\ \
or
-8 N N -
1 5 | ©
_ Q - |
ﬁ} O N _ @ [t
x93 B x| o N
83 | 9% @ L
| ST |9 ° .
_ a\_r “ ) |
@e () @eo Iv.m_@
P . I
IIIII ——— —_
© o 0 @ o o)
| 0 _ m@_ cn _
®“ _ v“@ [ - _ _®
© (of I o3
| B | g ' .
_ “ PN _ _ = ./.N,_ l./um
) ¢ 2 ] 0 0 a3
_ &8> | | 1] 8 3 |
® &0 ® @ &0 - —0
- II-IIIJI!IIIIII

k )l c30
20uut
c3l aF ®
107
510

3
4
R

& @,

—— T
] Fy R

{%J
H:>—-—-—C)—ﬂ———4:ﬁ r@& ——0Q-——

]

|

L

I

l

J

N

|

|

-

I

|
—-

®_

15§

Jos
!
‘O———0—

()J

c9 ©1
n I\LQJ
L4
._@__ —_ -®_ —_
—_— .@J

@~ ——®

re————=@

NOTE: ALL RESISTANCES IN OHMS UNLESS OTHERWISE INDICATED.

Figure 7-31. Radio Receiver R—450/FRR-28,

Turret Schematic Diagram
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| MIDDLE OVEN } HFO XTAL s¢ HFO ON-OFF £24 OQUTPUT_FREQUENGC .
I l * RI9 7 /
| La <1000 /
c22 L7 J/
.005uf f c2ac
MIDDLE OVEN CONNECTIONS | (_1 /m" 0-258upuf
SHOWN FOR 110 VOLTS : AT =
OPERATION I : 2% = D? =
I % - 2ND FREQUENCY 3RD FREQUENCY \ \
L I 3 , ] MULTIPLIER ] MULTIPLIER 3¢ ==
- | I [_;)l ! 1 | ‘%%iwf : 1 c Rg‘g 7-45u¢
: | I , I
L — F l__l_ HFXT{ALV R23 | ; _E‘ | | vil
4 — 4 — FREQUENCY 22K =L : = 1[I 6AQ5
; [ H
CABLE —( !
MIDDLE OVEN ) 1 * ' ce c2 : I g")?m RS 2
CONN IONS. ) 550 upuf 001 e
FOR 220 VOLT AL B i ] Radas ooln (‘ 220 |
OPERATIONS RS2 P i Al
100K - e
— AN c29
——- RS! RS3 00t
Sl | et VAVAY, - :
I_‘ ¢ obTRUT | 4-8 8-16 '\Qé\"' Reo
‘LE ag 2 ;_J s 32 ook | ° 4100
0-30K A 5 c © 5
= —-i- ON " OFF w \ —\ S7 FREQUENCY RANGE \
s0_ 3 .5}___l<rrf ) L — } ‘
| c\ v Fi ' - J5
216 ) a2 st |
_E_J 4 AMP s "%
PS5
12 h o Pi R44 N34
cal 10K _ 'N3% J7
R45 + [
.Spf
100K ~ \
TI i Y : f BFO
SHORT REMOVED FROM R58 & 0y /1 HFOS Q glaf P7
R64 FOR 220 VOLT OPERATION , 1 C )—:L N s J8
A A ' B POWER SUPPLY = = ~ i —L— CALIBRATOR
CONNECTIONS J6 '} 1|s T AMPUFIER c43 R3I
NOTE:RESISTANCES IN OHMS UNLESS OTHERWISE FOR 220.VOLT p o0t 24K P8 —
INDICATED. OPERATIONS | )
WHEN REFERRING TO PARTS LIST, THE NUMERICAL = Xi8 - =
PORTION OF THE. REFERENCE SYMBOL IS PRECEDED :M R Il )
BY THE UNIT NUMBER. L.E.- SCHEMATIC SYMBOL RIQO, < - ! D 11— che
PARTS LIST SYMBOL R3-100 / CALIBRATOR | c55 — 53 SR37 15K 4
POWER SU TI - 1 - - e—
SHOWN FOR 110 VOLT GPERATION = RS OSC-MIX v3 e ? 150uut  .00luf < 10K |
= 10K s8 ‘ R39 cs| c10
X190 10K- 00Iut 00\ uf
D’ l f (— J9
Ci6 « c5 ca8 R32 ,‘__@_
cI7 Yi ot y ! j7 00 = .COlut 10K %
.00Iuf=T= 100KC ca9 3 ol 100K BFO It
I%OK 5-50mut ggg o 0:—‘::_ ":_T— o : A —-— = = J10
7 Loa o] _?_4 o4 2 BFO BBUF FER ‘__@_‘
j__ = ' » 3\ v9 P10
_ v INNER : = ‘ 12AU7
1 RECU;!ER < 1 OVEN <\S4 L c37 R3S Dy — Jil
= oAz = = = L PI2 : : “T-somt < 100K 5
VOLTAGE | 8 l ' ‘ ‘ - It
REGULATOR R22 < 1€ Pil ==
- - 100K R38 cs54
— J 0-1000 ‘oo'ﬂf
~— P . = = H = = UNIT 3
py A

Figure 7-32. Radio Frequency Oscillator O~165/UR, Schematic Diagram
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c4
COAXIAL . ci7 El
CABLE N 25u¢ [~
INPUT I ostis AT '
92 AMPLIFIER ca OSCILLATOR '
100K 100K |
RI9 R3
100k < 220K
OUTPUT
—— MONITOR
c3
2put R6 C6 RIO
240 “T~Oluf 25K
' RI3
I5K
= 2 =
PR L
i |
!—g c22
SS5omvt/ L5 RI8
I 10K
PRIMARY -1
220 CONNECTIONS
VOLTS FOR 220 VOLT R7 =
9 OPERATION 10K
4
PRIMARY
CONNECTIONS L3 L1
FOR 110° VOLT 1O h iOh
7, OPERATION |
: 000 —9—000—¢ * -
8 B+
Ri4
12 125K
RECTIFIER RIS
V3 1000
clg =— ¢ci9 —-
auf T~ quf T
~
Fl
2A : Q
VOLTAGE —— cn
¢ REGULATOR T Ot UNIT 9
2 5 " VRI05/30
j: c20
4 1 apuf
7 _—
7 + - > =
) NOTE:
0 — ALL RESISTANCES IN OHMS UNLESS OTHERWISE INDICATED
WHEN REFERRING TO PARTS LIST, THE NUMERICAL PORTION OF THE REFERENCE SYMBOL iS PRECEDED
" BY THE UNIT NUMBER. LE.— SCHEMATIC SYMBOL RI0O, PARTS LIST SYMBOL R9-100.
J P3 Pa

Figure 7-33. Amplifier-Detector AM—615/UR, Schematic Diagram
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T2
o A €5
o 1 1
I I A7
B O \s2c I
KEYING LEVEL | |
\ \
N A L1
KEYING AMPLIFIER KEYED OUTPUT
5R”Fﬂ 2 " ‘ vs va , AMPLIFIER
. ) 1T KEYER AMPLIFIER R44 | 6V6 6SN7 Iggg
| v oo A |50K ‘R54 - i —— A
470K
o 3l _ \
Ra7 R57 a
1000 | l é 240 8b0K
7 :
H— :
= g1 —
R40
6 V6 100K
[ —1__ 6SL7
" a
Fsz \ _j B |
000 5 R4S —R42 R 31 5
4 Al 150K 820K oIX
NES!I
R37
I o 8y 5100
I\ WIEN-BRIDGE OSCILLATOR /]
2pt ot T
REMOVA
RI R2 R4 RS e BLE
2.07 MEG. 1LISMEG 93K 610K 492K
105 1445

R3
7
763 1785
428 2125
o
S5
ouTPUT |
FREOUENw
o

A ca3
B 7-45 upf

Ri2
418

NOTE: ALL RESISTANCES IN OHMS UNLESS OTHERWISE INDICATED
WHEN REFERRING TO PARTS LIST, THE NUMERICAL PORTION
OF THE REFERENCE SYMBOL {S PRECEDED BY THE UNIT

NUMBER. LLE.~ SCHEMATIC SYMBOL RIOO, PARTS LIST
SYMBOL RIO-100.

I

\ (€

‘ cio

\ Olpf
R19 R25
10K 1000

PRIMARY CONNECTIONS FOR
110 VOLT OPERATION

| 8

POWER
RECTIFIER

L ¢c7 I ci6 1 CI7

“T~aput 4uf “T~ apf
PRIMARY cognecnot«s]

220 VOLT OPERATION — =

UNIT 10

Figure 7-34. Keyer KY-79/UR, Schematic Diagram

7-57—7-58



NAVSHIPS 91582
AN/FRR-28

SPEAKER

UNIT |

NOTE:

ALL RESISTANCES IN OHMS UNLESS
OTHERWISE INDICATED.

WHEN REFERRING TO PARTS LIST, THE
NUMERICAL PORTION OF THE REFER-
ENCE SYMBOL IS PRECEDED BY THE
UNIT NUMBER. LE- SCHEMATIC SYM-
B80L RI00, PARTS LIST SYMBOL RI -100

NAVSHIPS 91582 Section 7
AN/FRR-28

Figure 7-35. Loudspeaker LS—187/UR,

Schematic Diagram
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MONITOR INPUT MONITOR
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Figure 7-36. Communication Patching Panél SB-224/UR, Schematic Diagram
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Figure 7-37 Radio Receiver R—450/FRR-28,
Main Chassis Wiring Diagram
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PARTS LIST NAVSHIPS 91582 Section 8
AN/FRR-28 Spare Parts Boxes
SECTION 8
PARTS LIST
NOTE
All reference symbols used in this section are to be interpreted in the follow-
ing manner. The unit number, as listed in column one, Table 8-3, has been
placed after the alphabetical portion, and before the numerical part of the
reference symbol. For instance, R1 in the oscillator (Unit 3) is desiguated R3-1 to
distinguish it from R1 in the Keyer (Unit 10) which is listed as R10-1.
TABLE 8-1. WEIGHT AND DIMENSIONS OF SPARE PARTS BOX
EQUIPMENT SPARES
SPARE OVERALL DIMENSIONS, IN.
PARTS VOLUME
BOX HEIGHT WIDTH DEPTH CU.FT. WEIGHT
1 15 30 21 5.47 75
TABLE 8-2. SHIPPING WEIGHT AND DIMENSIONS OF SPARE PARTS BOX
EQUIPMENT SPARES
SHIPPING SPARE OVERALL DIMENSIONS, IN.
BOX PARTS VOLUME
NO. BOX HEIGHT WIDTH DEPTH CU.FT. WEIGHT
lofl 1 17 33 23 7.46 160
ORIGINAL

8-1
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TABLE 8-3. LIST OF MAJOR UNITS OF RADIO RECEIVING SET AN/FRR-28

STANDARD NAVY TYPE
UNIT NO. QUANTITY NAME OF MAJOR UNIT NAVY STOCK NO. DESIGNATION

1 1 Loudspeaker F17-C—48237-5551 LS-187/UR

2 2 Radio Receiver F16-C-16585-6061 R-450/FRR-28

3 1 Radio Frequency Oscillator F16-C-15957-1248 0-165/UR

5 1 Communication Pawching Panel F16-C-15986-3009 SB-224/UR

9 1 Amplifier-Detector F16-C-15761-5301 AM-615/UR
10 1 Keyer F16-C-15753-7083 KY-79/UR
11 1 (GFE) Relay Rack Cabinet CY-579A/G
12 — Miscellaneous

sjiuf Jolow
uoidag 8

8TYU4/NV
78516 SAIHSAVN

1817 Slivd



TABLE 8-4. COMBINED PARTS AND MAINTENANCE PARTS LIST

PARTS

SPARE PARTS

TVNIONO

SYMBOL
DESIG.

NAME OF PART AND
DESCRIPTION

FUNCTION

JAN AND
(NAVY TYPEINO.

FEDERAL AND

(SIGNAL CORPS)

STOCK NO.

MFGR. AND
MFGR'S
DESIGNATION

CONTRACTOR
DRAWING AND
PART NO.

ALL
SYMBOL
DESIG.
INVOL-

VED

TOTAL
PER
EQUIP.

TEN-

DER [STOCK

ITEM NO.

8OX
QUAN.

A2-1

A>-1

c2-1

C2-1B

c2-1C

C2-1D

MOUNTING, INDICATOR LIGHT: steel;
cadmium plate; holds two dial
lights by spring clips, two 0,144
dia holes; holds dial pointers;
for mounting dial lights; approx
2 in, 1g, 1-3/8 in. wide, 3/8 in.
deep; E?o N Radio Receiver, Type

R-450/FRR-28.

MOUNTING, SWITCH:
quency, Osclllator, Type No.
0-165/UR} u/w Philadelphia Ther -
mometer Co No. VC325 Mercury
Switch; black bakelite; rectan-
gular shape w/ rd ends; over-all
dim., 4-3/4 in. 1g, 1 in. wide,
1/2 in. high; four 1/8 in, dia
holes on 3/4 in. by 2-3/4 in,
mounting centers.

CAPACITOR, VARIABLE AIR DIELECTRIC:
plate meshing type; 8 sections
(C2-1A thru C2-1H); 152 mmf max,
10 mmf min; each section straight
line frequency tuning; 1000v AC
peak voltage; over-all dim., ex-
€luding shaft and bushings, 9-5/8
in. 1g, 3-1/8 in. wide, 2-5/8 1in.
high; shaft adjustment, 180° cecw
rotation; base not insulated; 20
terminals, solder lug type; 2
steel dowel pins on 2-5 in,,
centers; both ends of rotor shaft
are mounted on ball bearing cen-
ters; 9 rotors and 8 stators each
section, brass, bright dip finish,
p/o AN Radlo Receiver, Type No.
R-450/FRR-28.

P/o C2-1.
p/o C2-1.
P/o C2-1.
P/o C2-1.

*NOTE: Not furnished as a main-
tenance part. If faillure occurs,
do not request replacement unless
the part cannot be repaired or
fabricated.

p/o AN Radio Fre-

Dial light
mounting clip

Mounting for
M3-2

Tuned circuit
ad justment for
input to V2-1

Tuned circuit
ad justment for
input to v2-1

Tuned circuit
adjustment for
input to Vv2-2

Tuned circuit
adjustment for
input to v2-2

*N17-M-83010-
1001

N17-M-87012-
5951

N16-C-63688-
2204

HMM Part
No. 31276

HMM Part
No. 34001G1

NRCO Part
No. BK7A2

Dwg No.
A1104172

A2-1

A3-1

c2-1

1517 Sily¥vd

8Z-44d/NV
78516 SAIHSAYN
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TABLE 8-4. COMBINED PARTS AND MAINTENANCE PARTS LIST

PARTS SPARE PARTS
ALL s |Eauie ;E= STOCK
FEDERAL. AND MFGR. AND CONTRACTOR |SYMBOL |TOTAL| =
s;gsa.gl. “"‘rfgggm':,‘:k"““ FUNGTION (NAVY T YPEING | (S1GNAL CoRPS) MFGR'S DRAWING AND | DESIG. [ PER | 5 z z z
. . STOCK NO. DESIGNATION PART NO. INVOL- |EQUIP | o | X1 S ol 3 al3
VED Clojo|aw|o|m|o
C2-1E | P/o Cc2-1 Tuned circult
ad justment for
input to ve-5
C2-1F | P/o C2-1. Tuned circuit
adjustment for
input to v2-5
C2-1G |P/o c2-1 HF oscillator
ad Justment
Ce-1H |P/o Cce-1 HF oscillator
ad justment
c2-3 CAPACITOR, FIXED, PAPER DIELECTRIC: Main capacitor Nl(\—gflb‘ﬁ(bl-- AEV Part No. ca2-3 34
I sectlon; case style No. 18, MBCA| in 0.54 to 1.35 708 P488- .01 ce-5
Ref Dwg Group 1; 10,000 mmf -10 me tuned clrcult +20-10 ce2-19
+20% tolerance; 400v DC working; input to v2-1 c2-20
molded phenolic case; 1-1/8 in. 1g)| c2-21
11/32 1n. dila; 2 terminals, axial c2-22
lead type, located one ea end; 2-2:
aerolene fillled; no internal ce-24
ground connections; terminal ce-27
mounted; resistant to humidity; c2-29
for general purpose use, c2-40
ce-h1
c2-42
c2-43
ce-hy
ce-47
Cc2-49
c2-66
C2-68
ce-71
c2-72
C2-73
ce-rh
C2-100
c2-105
ce-115
C2-116
Cc2-121
c2-122
c2-127
c2-135
C2-153
C2-154<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>