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SECURITY NOTICE

NOTICE: This document contains information af-
fecting the national defense of the United States
within the meaning of the Espionage Act, 50
U.S.C., 31 and 32, as amended. Its transmission or
the revelation of its contents in any manner to an
unauthorized person is prohibited by law. ARTS.
751, & 76. U.S.N. REGS.—1920.

The information contained in restricted documents
and- the essential characteristics of restricted mate-
rial will not be communicated to the public or to
the press, but may be given to any person known
to be in the service of the United States and to per-
sons of undoubted loyalty and discretion who are
cooperating in Government work.

RECORD OF CORRECTIONS MADE

Change No. Date

Signature of Officer Making Correction
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ALL CORRECTIONS LISTED ON THIS PAGE SHALL BE MADE WITH PEN AND INK IN THIS

COPY OF NAVSHIPS 900,590.

Page Correction
1-8 In Quick Reference Data, interchange contract numbers for TBS-4 and TBS-5 equipments.
and Contract for TBS4 is NXss-17599. Contract for TBS-5 is NXss—18747.
4-15 Caption for figure at bottom of page should read DIAGRAM C—MCW TRANSMISSION.
8-12 Change the Navy Specification Number for C-141 to RE 48A 160 and RE 13A 488
Add Navy Specification Numbers RE 48A 160 and RE 13A 488 to C-142
8-59 Add Navy Type Number -49328 to X-101
Add Navy Type Number —49328 and Navy Specification Number RE 49AA 311A to X-102
Add Navy Type Number —49327 to X-103
Add Navy Type Number —49327 and Navy Specification Number RE 49AA 311A to X-104
Add Navy Type Number —49327 and Navy Specification Number RE 49AA 311A to X-105
Add Navy Type Number —49327 and Navy Specification Number RE 49AA 311A to X-106
Add Navy Type Number —49327 and Navy Specification Number RE 49AA 311A to X-107
8-60 Add Navy Type Number —49327 and Navy Specification Number RE 49AA 311A fo X-108
Add Navy Type Number -49329 to X-109
Add Navy Type Number —49329 and Navy Specification Number RE 49AA 311A to X-110
Add Navy Type Number 49330 to X-111
Add Navy Type Number 49328 and Navy Specification Number RE 49AA 311A to X-112
8-63 Change the heading in the “QUANTITY” columns to read............... 120 V D.C.—
through | 230 V D.C.—220/440 V A.C. '
8-70
8-70 Add Navy Type Number -49328 to X-101, 102, 112
Add Navy Type Number 49327 to X-103, 104, 105, 106, 107, 108
Add Navy Type Number -49329 to X-109, 110
Add Navy Type Number —49330 to X.111
8-71 Change the heading in the “QUANTITY” columns to read ............. 120 V D.C.—
and 230 V D.C.—220/440 V A.C.
8-72
8-98 Delete the quantity (1) from L-108, 109 in the TBS.-8 EQUIPMENT column
8-101 |Change the Navy Specification Number for C-141, 142 to RE 48A 160 and RE 13A 488
8-106 |{Add Navy Type Number —49328 to X-101, 102, 112
Add Navy Type Number —49327 to X-103, 104, 105, 106, 107, 108
Add Navy Type Number -49329 to X-109, 110
Add Navy Type Number -49330 to X-111

WHEN THE CORRECTIONS LISTED HAVE BEEN MADE, THIS PAGE MAY BE DESTROYED.
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GUARANTEES

The equipment, including all parts and spare parts, except vacuum tubes, shall be guaranteed for a service
period of ONE YEAR with the understanding that, as a condition of this contract, all items found to be
defective as to design, material, workmanship or manufacture shall be replaced without delay and at no
expense to the Government; provided that such guarantee and agreement shall not obligate the Contractor
to make replacement of defective material unless the failure, exclusive of normal shelf life deterioration,
occurs within a period of TWO YEARS from the date of delivery of the equipment to and acceptance by
the Government, and provided further, that if any part or parts (except vacuum tubes) fail in service or
are found defective in ten per cent (10%) or more, but not less than two of the total number of equip-
ments furnished under the contract, such part or parts, whether supplied in the equipment or as spares,
shall be conclusively presumed to be of defective design, and as a condition of contract subject to one
hundred per cent (100%) replacement of all similar units supplied on subject contract by suitable re-
designed replacements. Failure due to poor workmanship, while not necessarily indicating poor design,
will be considered in the same category as failure due to poor design. Redesigned replacements which will
assure proper operation of the equipment shall be supplied promptly, transportation paid, to the Naval
activities using such equipment, upon receipt of proper notice and without cost to the Government. All
(d:efective parts originally furnished under contract shall be held subject to rejection and return to the
ontractor.

This period of TWO YEARS and the service period of ONE YEAR shall not include any portion of the
time that the equipment fails to give satisfactory performance due to defective items and the necessity

for replacement thereof, and provided further, that any replacement part shall be guaranteed to give
ONE YEAR of satisfactory service. : : :

GUARANTEES FOR MODELS TBS-1 AND TBS-2

The equipment, including all parts and spare parts, except vacuum tubes, is guaranteed for a service period
of ONE YEAR with the understanding that, as a condition of this contract, all items found to be defective
as to design, material, workmanship or manufacture will be replaced without delay and at no expense to
the Government; provided that such guarantee and agreement will not obligate the Contractor to make
replacement of defective material unless the failure, exclusive of normal expected shelf life deteriora-
tion, occurs within a period of TWO YEARS from the date of delivery of the equipment to and acceptance
by the Government, and provided further, that if any part or parts (except vacuum tubes) fail or are
found defective to the extent of ten per cent (10%) or more of the total number of similar units fur-
nished under the contract (exclusive of spares), such part or parts, whether supplied in the equipment
or as spares, will be conclusively presumed to be of defective design, and as a condition of contract subject
to one hundred per cent (100%) replacement by suitable redesigned units.

Failure due to poor workmanship, while not necessarily indicating poor design, will be considered in the
same category as failure due to poor design. Redesigned replacements which will assure proper opera-
tion of the equipment will be supplied promptly, transportation paid, to the Naval activity using such
equipment, upon receipt of proper notice and without cost to the Government.

All such defective parts 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 item or unit prior to replace-
ment without jeopardizing the integrity of Naval communications, the exigencies of the Sexvice therefore
may necessitate expeditious repair of such item or unit in order to prevent extended interruption of com-
munications. In such cases the return of a defective item or unit for examination by the Contractor prior
to replacement will not be required. The report of a reaé)onsible authority, including details of the con-
ditions surrounding the failure, will be acceptable for effective adjustment under the provisions of this
contractual guarantee.

The above period of TWO YEARS and the service period of ONE YEAR will not include any portion of
the time that the equipment fails to give satisfactory performance due to defective items and the neces-
sity for replacement thereof. All replacement parts will be guaranteed to give ONE YEAR of satisfactory
service,
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GUARANTEE FOR MODELS TBS-4 AND TBS-7

All parts and spare parts, except vacuum tubes, of this equipment shall be gnaranteed for a service period
of one year with the understanding that, as a condition of the contract, all items found to be defective as
to design, material, workmanship or manufacture shall be replaced without delay and at no expense to the
Government, provided: that such guarantee and agreement shall not obligate the contractor to make re-
placement of defective material unless the failure occurs within a period of two years from the date of
delivery of the equipment to and acceptance by the Government, and provided further, that: if any part
or parts (except vacuum tubes) fail in service or are found defective in ten per cent or more of the equip-
ments furnished under contract, such part or parts shall be conclusively presumed to be of defective de-
sign, and as a condition of contract subject to one hundred per cent replacement of all similar units sup-
plied on subject contract. Redesigned replacements which will assure proper operation of the equipment
shall be supplied promptly, transportation paid, to the Naval activities using such equipment, upon re-
ceipt of proper notice and without cost to the Government. All defective parts originally furnished under
contract shall be held subject to rejection and return to the contractor.

THIS PERIOD OF TWO YEARS AND THE SERVICE PERIOD OF ONE YEAR SHALL NOT IN-
CLUDE ANY PORTION OF THE TIME THAT THE EQUIPMENT FAILS TO GIVE SATISFACTORY
PERFORMANCE DUE TO DEFECTIVE ITEMS AND THE NECESSITY FOR REPLACEMENT
THEREOF, AND PROVIDED FURTHER THAT ANY REPLACEMENT PART SHALL BE GUAR-
ANTEED TO GIVE TWO YEARS OF SERVICE.

GUARANTEE FOR MODEL TBS-5

The equipment, including all parts and spare parts, except vacuum tubes, batteries, rubber and material
normally consumed in operation, is guaranteed for a period of ONE YEAR from the date of delivery of
the equipment to and acceptance by the Government with the understanding that all such items found to
be defective as to material, workmanship or manufacture will be repaired or replaced f.o.b. any point

- within the continental limits of the United States designated by the Government without delay and at no

expense to the Government; provided that such guarantee will not obligate the Contractor to make repair
or replacement of any such defective items unless the defect appears within the aforementioned period and
the Contractor is notified thereof in writing within a reasonable time and the defect is not the result of
normal expected shelf life deterioration. :

To the extent the equipment, including all parts and spare parts, as defined above, is of the Contractor’s
design or is of a design selected by the Contractor, it is also guaranteed, subject to the foregoing condi-
tions, against defects in design with the understanding that if ten per cent (10%) or more of any such
said item, but not less than two of any such item, of the total quantity comprising such item furnished
under the contract, are found to be defective as to design, such items will be conclusively presumed to be
of defective design and subject to one hundred per cent (100%) correction or replacement by a suitably
redesigned item. . : :

All such defective items will be subject to ultimate return to the Contractor. In view of the fact that nor-
mal 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 necessi-
tate expeditious repair of such items in order to prevent extended iiterruption of communications. In
such cases the return of the defective items for examination by the Contractor prior to repair or replace-
ment will not be mandatory. The report of a responsible authority, including details of the conditions sur-
rounding the failure, will be acceptable as a basis for effecting expeditious adjustment under the provi-
sions of this contractual guarantee.

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

The Contractor construes the obligation to effect repairs and replacements, as set forth in the guarantee

clause, to permit Contractor at its option to either repair or replace items found to be defective, in accord-
ance with the clause.

GUARANTEE FOR MODELS TBS-6 AND TBS-8

This guarantee is the same as for MODEL TBS-5, with the omission of the provisions contained in the
final paragraph.
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INSTALLATION RECORD

Contract No : Date of Contract (

Serial Number of equipment

Date of acceptance by the Navy

Date of delivery to contract destination

Date of completion of installation

Date placed in service

Blank spaces in this book shall be filled in at the time of installation. Operating personnel shall
also mark the “date placed in service” on the date plate located below the model nameplate on
the equipment, using suitable methods and care to avoid damaging the equipment.

REQUISITIONS FOR REPLACEMENT MATERIAL

All requests or requisitions for replacement material should include complete descriptive data
covering the part desired, in the following form:.

1. Name of part desired

2. Navy Type number (if assigned) (including prefix and suffix as applicable) ...................

3. Model designation (including suffix) of equipment in which used

4. Navy Type designation (including prefix and suffix where applicable) of major unit in

which part is used

5. Symbol designation of part

6. (a) Navy Drawing Number

(b) Manufacturer’s Drawing Number

7. Rating or other descriptive data

. Commercial Designation
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FAILURE REPORTS

A FAILURE REPORT must be filled out for the
failure of any part of the equipment (except tubes)
whether caused by defective or worn parts, im-
proper operation, or external influences. It should
be made on Failure Report, form NBS-383, which
has been designed to simplify this requirement.
The card must be filled out and forwarded to
BUSHIPS in the franked envelope which is pro-
vided. Full instructions are to be found on each

card.

Use great care in filling out the card to make cer-
tain it carries adequate information. For example,
under “Circuit Symbol” use the proper circuit
identification taken from the schematic drawings,
such as T803, in the case of a transformer, or R207,
for a resistor. Do not substitute brevity for clarity.
Use the back of the card to completely describe

the cause of 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 failures. The information
is used by the Bureau in the design of future equip-
ment and in the maintenance of adequate supplies
to keep the present equipment going. The cards you
send in, together with those from hundreds of
other ships, furnish a store of information per-
mitting the Bureau to keep in touch with the per-
formance of the equipment of your ship and all
other ships of the Navy.

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

Make certain you have a supply of Failure Report
cards and envelopes on board. They may be ob-
tained from any RMO.

KBS 203A NAVSKIPS (290}

BUREAU OF SHIPS
WASHINGTON, D. C.

OFFICIAL BUSINESS

NAVY DEPARTMENT .

NAVY DEPARTMENT

BUREAU OF SHIPS

RADIO DIVISION , CODE 970
WASHINGTON 25, D.C.

PENALTY FOR PRIVATE USE TO AVOID
PAYMENT OF POSTAGE $300

SHowe,
SugtNs, © SHomep o 432
cE &ngé,‘ gs’ﬁ;é‘#’ HAVETgEﬁEAD
RECE s ULTIng " £ INAL ‘s ESISTeR
' THEN NJ:MA DEAJ‘M. T
AL cEIvER

SAMPLE FAILURE REPORT CARD FILLED IN
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NAVSHIPS 900,590

OPERATION OF THIS EQUIPMENT INVOLVES
THE USE OF HIGH VOLTAGES (875 VOLTS)
WHICH ARE DANGEROUS TO LIFE. OPERAT-
ING PERSONNEL MUST AT ALL TIMES OB-
SERVE ALL SAFETY REGULATIONS. DO NOT
CHANGE TUBES OR MAKE ADJUSTMENTS
INSIDE EQUIPMENT WITH HIGH VOLTAGE
SUPPLY ON. DO NOT DEPEND UPON DOOR
SWITCHES OR INTERLOCKS FOR PROTEC-
TION BUT ALWAYS SHUT DOWN MOTOR
GENERATOR OR OTHER POWER EQUIP-
MENT. UNDER CERTAIN CONDITIONS, DAN-
GEROUS POTENTIALS MAY EXIST IN CIR-
CUITS WITH POWER CONTROLS IN THE OFF
POSITION DUE TO CHARGES RETAINED BY
CAPACITORS, ETC. TO AVOID CASUALTIES
ALWAYS REMOVE POWER DISCHARGE, AND
GROUND CIRCUITS PRIOR TO TOUCHING
THEM.

Since the use of high voltages (875 volts) which
are dangerous to human life is necessary to the
successful operation of the equipment covered by
these instructions, certain reasonable precaution-
ary measures must be carefully observed by the
operating personnel during the adjustment and
operation of the equipment.

The major portions of the equipment are within
shielding enclosures, provided where necessary
with access doors which are generally fitted with
safety interlock switches which act to shut off dan-

gerous voltages within the enclosures when the ac-
cess doors are open.

It should be borne in mind that interlocks are pro-
vided only on normal access doors on certain major
units and therefore side, back or top screens, com-

‘mutator covers, if removed, will not cause inter-

locks to function and will thereby allow access to
circuits carrying voltages dangerous to human life.
While every practicable safety precaution has been

incorporated in this equipment the following rules
must be strictly observed:

ORIGINAL
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NAVSHIPS 900,590

KEEP AWAY FROM LIVE CIRCUITS

Under no cireumstances should any person be per-
mitted to reach within or in any manner gain
access to the enclosure with interlocked gates or
doors closed or with power supply line switches to
the equipment closed; or to approach or handle
any portion of the equipment which is supplied
with power, or.to connect any apparatus external
to the enclosure to circuits within the equipment;
or to apply voltages to the equipment for testing
purposes while any non-interlocked portion of the
shielding or enclosure is removed or open. Wher-
ever feasible in testing circuits, check for conti-
nuity and resistances rather than directly checking
voltage at various points.

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

Under no circumstances should any access gate,
door or safety interlock switch be removed, short

AN APPROVED POSTER ILLUSTRATING THE RULES FOR RE-
SUSCITATION BY THE PRONE PRESSURE METHOD SHALL BE
PROMINENTLY DISPLAYED IN EACH RADIO, RADAR AND
SONAR ENCLOSURE. POSTER MAY BE OBTAINED ON RE-
QUEST TO THE BUREAU OF MEDICINE AND SURGERY.

circuited, or tampered with in any way by other
than authorized maintenance personnel, nor should
reliance be placed upon the interlock switches for
removing voltages from the equipment.

THE ATTENTION OF OFFICERS AND OPER-
ATING PERSONNEL IS DIRECTED TO CHAP-
TER 67 OF BUREAU OF SHIPS MANUAL OR
SUPERSEDING INSTRUCTIONS ON THE SUB-
JECT OF “RADIO SAFETY PRECAUTIONS TO
BE OBSERVED.”

K RESTRICTED
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GENERAL DESCRIPTION

NAVSHIPS 900,590

SECTION ]

COMPONENT PARTS OF THE TBS SERIES

OF RADIO COMMUNICATION SYSTEMS

The Navy Model TBS Series of Radio Transmit-
ting and Receiving equipment comprising Mod-
els TBS, TBS-1, TBS-2, TBS-3, TBS-4, TBS.5,
TBS-6 TBS-7 and TBS-8 employed the compo-
nents pictured on the opposite page to provide
reliable radio communication between small sur-
face craft for a distance of approximately ten miles.
Communication by voice over this range or tele-
graphed signals by Modulated Continuous Wave
to cover greater distances are available as desired.

The equipment throughout the series has varied
baut little between the different models except for
the motor generators and magnetic controllers.
The apparatus may be tuned to operate on any
frequency in the 60 to 80 Megacycle range, being
fixed tuned and crystal controlled. Full control of
transmitter operation is possible from two control
units that may be located as desired in the vessel.
A chart showing the Navy Model numbers of the
components is given on Page 8.

M

DIMENSIONS OF MAJOR UNITS (UNCRATED) I
QUANTITY NAME OF UNIT HEIGHT WIDTH DEPTH DIAM. WEIGHT

1 Radio Transmitter 101, 231, 1734 75
1 Radio Receiver 834 25134 ¢ 167 45
1 Magnetic Controller d-c 17y, 141, 7% 45

Magnetic Controller a-c 1514 1054 ™4 34
2 Control Unit 5151, 10%,¢ ™4 9
1 Loudspeaker 5 1114 21
2 Handset 114
1 Chest Set 114
1 Antenna 104 46
1 Transmission Line 1440 3%
1 Line Transformer 734 41, 4 1614

-

TECHNICAL SUMMARY OF TRANSMITTER & RECEIVER

FUNCTIONAL FACTORS RADIO TRANSMITTER RADIO RECEIVER
Frequency Range 60 to 80 MC 60 to 80 MC
Frequency Control Crystal Crystal
Frequency Stability 0.025 percent
Tuning Bands No. of Crystals furnished and bands covered varies

with different models.
Inspect nameplates of crystal holders for channel
frequencies.

Output Impedance 600 Ohms
Power Input 1000 watts 110 watts
Power Output 50 watts 2 watts

Type of Modulation Amplitude

Method of Modulation Plate

Modulation Capability 100%

Sensitivity (Minimum R-F input for
6 MW output) : 5 Microvolts

Crystals Quartz Quartz

A-F Input Impedance 600 Ohms

R-F Input Impedance ) 70 Ohms

Intermediate Frequency 5.3 MC

L -

ORIGINAL RESTRICTED 1-5




1 SECTION

ANTENNA

Vertical Type Quarter Wave
Concentric Grounded Stub
Radiation Impedance......... 70 ohms
4 Ground plane rods in Destroyer type
2 Ground plane rods in Submarine type

FREQUENCY RANGE—3 BANDS 60 TO 80 MC
Coverage MC Destroyer Rod Length Submarine

60.0.65.0 44 inches 4%
64.5-71.5 3834 inches 343
710800 33 inches 281,

TRANSMISSION LINE

Gas filled Concentric type
5-20 Ibs. nitrogen

Line Impedance. ....................... 70 ohms
Destroyer type.......ccveveiieenennn 120 ft. long
Submarine.............ooiiiiiin 80 ft. long

THE CONTROL UNIT

Two furnished with each installation

Provides full control of transmitter from any two
desired points in the vessel.

NAVSHIPS 900,590

GENERAL DESCRIPTION

THE LOUDSPEAKER

Input Impedance...................... 600 ohms
Power Capability ....................... 2 watts

THE HANDSET

Two furnished with each installation

Earpiece .......... ettt 600 ohms
Carbon Button Microphone. ............ 40 ohms
Press to Talk Switch

THE CHEST SET
Provides chest support for microphone

Carbon Button Microphone............. 40 ohms
Press to Talk Switch

LINE TRANSFORMER
Furnished with 440 V. A-C Equipment
Primary wound for 440 volt.............. No taps
Secondary wound for 220 volt............ No taps

Provides proper voltage for filament transformer
in transmitter and operating voltage for mag-
netic controllers.

"POWER SUPPLY unns.

A motor generator unit is employed as the source
of power in the TBS series of radio installations
to provide the high voltage current required by
the transmitter and serves as well to permit the use
of the apparatus on any small surface craft or
submarine regardless of the characteristics of the
primary power available. Since the current re-
quirements of the radio apparatus are fixed, the
output side or generator of motor generator units
are practically identical in physical as well as
electrical characteristics. The input or motor side
of the unit must function on the current available
and will vary in mechanical and electrical features.

The chief difference between the various models
of the TBS Series lies in the type of motor gen-
erator employed. In order to indicate clearly the
relationship between line current available and the
power supply units furnished with the various
models of the TBS Series the chart on the opposite
page is provided.

The magnetic controller for remote control of the
motor generator will also vary in type depending
upon the motor employed. For direct current
motors two types are provided, the CRV-21319

1-6 RESTRICTED

and CG-21319 for use with 120 volt motors and
the CRV-21804 and CG-21804 for controlling 230
volt motors. Both these controllers employ three
steps of resistance change to bring the motor up to
speed in starting. The same type controller, CRV-
21320 and CG-21320, is used with all types of a-c
motors.

Other adaptations are also required in the installa-
tion when the line source of power is other than
220 volt a-c. Where 440 volt current is encountered
it is necessary to install a line transformer as indi-
cated in the chart. This transformer provides the
220 volt a-c current for the filament transformer in
the transmitter.

Where a d-c source is encountered the motor is
fitted with an extra winding and slip rings to fur-
nish the necessary 220 volt a-c. A speed regulator
is built into the d-c motor generators to provide
essentially constant output voltages when input
voltage varies =5 per cent.

Data is also included in the chart to indicate the
size and weight of the uncrated units as well as
starting and running current required by the dif-
ferent units and their correct speed.

ORIGINAL



GENERAL DESCRIPTION NAVSHIPS 900,590 SECTION 1]

LINE MAGNETIC
CURRENT CONTROLLER MOTOR GENERATORS

o 3 es
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With
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GENERAL DESCRIPTION

NAVY TYPE NUMBERS OF EQUIPMENT FURNISHED WITH TBS SERIES

UNIT \ T8S l TBS-1 & TBS-2 T8S-3 TBS-4
Radio Transmitter CRV-52093 CRV-52093 CRV-52093 CG-52093
Radio Receiver CRV-46068 CRV-46068 CRV-46068 CG-46068
Motor Generator
120 V. D-C CG-21300 CG-21300A CG-21300A CG-21300A
230 V. D-C CG-21745 CG-21745
220 V. A-C CG-21301 CG-21301 CG-21301
440 V. AC CG-21302 CG-21302 CG-21302
Magnetic Controller
120 V. D-C CRV-21319 CRV-21319 CRV-21319 CG-21319
230 V. D-C CRV-21804 CG-21804
220-440 V., A-C CRV-21320 CRV-21320 CRV-21320
Control Unit CRV-23135 CRV-23135 CRV-23135 CG-23135
Loudspeaker CRV-49101 CRYV-49101 CRV-49155 CMX-49155
Handset CRV-51019 CRV-51019 CRV-51019 CYH-51019
Chest Set CRV-51018 CRV-51018 CRV-51018 CYH-51018
Antenna Surface Type CRV-66015 CRV-66015 . CRV-66015 CPD-66015
Submarine Type CRV-66016 CRV-66016 CRV-66016
Line Transformer CAT-30445 CAT-30445 CAT-30445
Crystals . d d *
* No Navy Type Nos. assigned crystals except for nameplate.
QUICK REFERENCE DATA ON TBS SERIES
MODEL CONTRACT DATE CONTRACTOR INSPECTOR
TBS NOs-60613 May 16, 1938 RCA A
TBS-1 NOs-70095 Dec. 18, 1939 RCA A
TBS-2 NOs-70095 Sup. Apr. 6, 1941 RCA A
TBS-3 NOs-1736 ' Oct. 10, 1942 RCA A
TBS-4 NXss-18747 Dec. 2, 1942 GE B

1-8
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RCA—RCA Victor Division of Radio Corporation of
America, Camden, N. J.

GE —General Electric Co., Schenectady, N. Y.

A —Resident Inspector of Navy Material, RCA,

Camden, N. J.

B —Resident Inspector of Navy Material, GE,

Schenectady, N. Y.

Jd
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NAVSHIPS 900,590

SECTION ]

NAVY TYPE NUMBERS OF EQUIPMENT FURNISHED WITH TBS SERIES

UNIT TBS-5 TBS-6 T8S-7 TBS-8
Radio Transmitter CRV-52093 CRV.52093 CG-52093 CRV-52093A
Radio Receiver CRV-46068A CRV-46068A CG-46068A CRV-46068B
Motor Generator
120 V. D-C CG-21300A CG-211127 CG-211127
230 V. D-C CG-21745 CG-211130 CG-211130 CG-211130
40 V. AC CG-21302 CG-211129 CG-211129
Magnetic Controller
120 V. D-C CRV-21319 CG-21319 CRV-21319
230 V. D-C CRV-21804 CRV-21804 CG-21804 CRV-21804
440 V. A-C CRV-21320 CRV-21320 CG-21320
Control Unit CRV-23135 CRV-23135 CG-23135 CRV-23135
Loudspeaker CRV-49155 CMX-49155 - CMX-49155 CMX-49155
Handset CRV-51019 CRV-51019 CYH-51019 CRV-51019A
Chest Set CRV-51018 CRV-51018 CYH-51018 CRV-51018A
Antenna Destroyer CRV-66015 CRV-66015 CPD-66015 CRV-66015
Line Transformer CAT-30445 CAT-30445 CAT-30445
Crystal CRV-40062 CRV-40062B * CRV-40068B
S ——————————
QUICK REFERENCE DATA ON TBS SERIES
MODEL CONTRACT DATE CONTRACTOR INSPECTOR
TBS-5 NXes-17599 Aug. 1943 RCA A
TBS-6 NXer-36725 Aug. 25, 1943 RCA A
TBS-7 NXer-38310 June 1944 GE B
;I‘BS-8 NXer-51552 Mar. 11, 1944 RCA A
RCA—RC%:::;:; l():;:s(;::' tis.l}x.ldio Corporation of A —Resiéi::‘td ef:'wlg??‘or of Navy Material, RCA,
GE —General Electric Co., Schenectady, N. Y. B —Resisi;::‘e:;sdl;zctNOf Y?f Navy Material, GE,
e ——————————————————————s]
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GENERAL DESCRIPTION

ACCESSORIES AND SPARES

1—Junction Box.

1—Line Transformer (440 volt to 220 volt) with
440 volt a-c Installations.

1—Support Stand for mounting radio transmitter
and receiver.

2—Stowage Hooks for handset.

1—Transmission Line Kit. This includes gas flask
with tank fitting, 0-2000 gauge, micrometer

valve and flexible hose. Fitting with gauge
for refilling flask from Navy gas cylinders.

Spare tubes for transmitter as ordered.
Spare tubes for receiver as ordered.

1—Box of Spare Parts for radio transmitter, con-
trol units, magnetic controller and radio
receiver.

1—Box of Spare Parts for power supply unit.

TUBE COMPLEMENT

TRANSMITTER
TUBE QUANTITY TYPE No.
Modulation Limiter 1 -84
R-F Oscillator
1st Doubler

-807
-807
2nd Doubler -808
Power Amplifier
Modulator

A-F Driver

A.F Oscillator

Speech Amplifier

-808
—2A3

DO bt DN DD bt e et e

EXTRA EQUIPMENT

The following equipment is necessary to make the
installation operative but is not furnished.

QUANTITY ITEM

2 Cable for connection between trans-
mitter and control units. (Navy

Type MHFA-14.)

1 Cable for connection between trans-
mitter and magnetic controller.

(Navy Type MHFA.)

1 Cable for connection between magnetic
controller and power supply unit.

1 Set of wiring to line transformer when
used. (Navy Type MCS2.)

1 Cable to Loudspeaker. (Navy Type
TTHFA-1.) R

1-10
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RECEIVER

TUBE QUANTITY TYPE No.

R-F Amplifier 1 ~956
First Detector 1 -6C6
I.F Amplifier 3 —6D6
Second Detector and
Noise Suppressor 1
Automatic Volume
Control
Oscillator and First
Doubler
Second Doubler
TBS-5, TBS-6, and
TBS-8 may use
Output Amplifier
Rectifier
First A-F Amplifier

The following items are necessary or desirable de-
pending upon operating requirements.

1 Telegraph key and flexible leads.
(MHFA-2.)

1 Telephone headset (600 ohms).

ORIGINAL



GENERAL DESCRIPTION NAVSHIPS 900,590 SECTION ]

DATA ON
TYPICAL
SHIPMENT
OF TBS
EQUIPMENT

NOTE: Dimensions and weights may vary slightly
with mode of packing, type of Power Unit supplied
and extra equipment specified. —

e ——————————————————
DIMENSIONS NET (LBS.) GROSS CU. FT.
Transmitter, Receiver
and stand 33 x27x 30 ’ 186 300 15.6
Motor Generator 24 x13x12 153 190 3.1
Accessories 341, x 18 x 13 50 82 4.6
Tubes 34 x 1315 x 12 8 57 39
Antenna 67 x27x9 | 46 120 6.6
Transmission Line
and Kit 43 x37x 17 29 86 44
Equipmeﬁt Spares 28 x 2915 x 18 152 212 7.2
M. G. Spares 23x13x 12 68 93 2.7
TOTALS 692 1140 48.1
e —————————
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All models of the TBS Series of radio communica-
tion equipment employ the transmitter and re-
ceiver assembly shown above. Though it is pos-
sible to operate these units when mounted apart,
the most satisfactory arrangement is that shown.
To permit this compact assembly a support stand
is provided with the equipment, which encloses
the receiver as shown. This stand is of heavy metal
with a black crackle finish and provides at the
right of the receiver a small closed compartment
for the stowage of charts, log books or other
operating records. The receiver is shock mounted
in this stand and the chassis may be withdrawn

1-12

NAVSHIPS 900,590

RADIO TRANSMITTER AND RECEIVER
UNIT FOR TBS SERIES
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GENERAL DESCRIPTION
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without detaching the receiver cabinet from the
stand.

The transmitter is rigidly attached to the top of the
support stand and matches it in finish. All connec-
tions to the apparatus are made at a terminal
board mounted in the rear of the support stand
behind the receiver. Leads connect this main ter-
minal board to the connector strip in the rear of
the transmitter housing. The receiver requires
but two pair of wires, for connection to the ter-
minal strip, the power supply and the audio out-
put leads.

ORIGINAL



GENERAL DESCRIPTION

All controls for operating and adjusting the ap-
paratus are mounted on the front panel and since
the apparatus is designed for fixed frequency, two-
" way transmission, means are provided to lock the
tuning controls when once set on the desired fre-
quency. To this end, locking thumbnuts are
mounted on the tuning dials of the transmitter,
while the receiver is fitted with a metal cover that
is hinged to swing up and cover the tuning adjust-
ments without interfering with operating controls.

The apparatus is designed and accessories pro-
vided to permit the equipment to be fixed tuned
to any frequency within the 60 to 80 megacycle
frequency range. Remote control units permit the
starting of the motor generator and operation of
the transmitter from two remote points if desired,
but it is necessary to switch the receiver on sepa-
rately by means of a switch on the receiver panel.
Thus the receiver can be kept on continually for
standby reception without operating the power
supply unit for the transmitter.

By means of a unique relay system it is possible to
use telegraphically keyed modulated continuous
waves when conditions demand this form of com-

NAVSHIPS 900,590

SECTION ]

munication, by providing a telegraph key at either
or both points of remote control.

The compactness of the assembly as well as the
flexibility of control has made the equipment ideal
for smaller surface vessels and submarines where
reliable, instantaneous two-way radio communica-
tion is required. :

Crystal control on both units assures a minimum
of frequency drift, with stable operation within the
particular wave band to which the equipment is
tuned. To this end a crystal controlled oscillator
is the source of oscillations in the transmitter. In
the receiver, a crystal is employed to control the
basic frequency of the heterodyning currents nec-
essary - for superheterodyne operation. A set of
crystals is furnished for both transmitter and
receiver. The number of crystals per set varies
with the different models of the equipment. A
spare set is provided that can be stored in the
transmitter, a rack being arranged for the pur-
pose in the power amplifier section. These crys-
tals can be readily changed from the front of the
panel with a minimum of disturbance to equip-
ment or wiring when it is necessary to change the
operating frequency of the apparatus.

Crystal controlled oscillating circuits are employed in both trans-
mitter and receiver of the TBS series to hold the frequency of the
radio currents generated in the apparatus within very narrow limits.
They consist of thin plates of carefully ground quartz mounted be-
tween two flat electrodes and assembled under spring pressure in a
rectangular ceramic or moulded case as shown in illustrations below.
A set of spring plugs on the end of the ceramic holder makes con-
nections by means of flexible leads to the electrodes. The newer type
crystal holders are much smaller and are plugged into an adapter to
fit the jacks of the older and larger crystal holder.

The crystals are connmected into the apparatus by simply plugging
them into the jacks provided. At the right is shown the crystal holder
being plugged into jacks in the transmitter oscillator compartment.
The crystal holder is plugged into the receiver as shown at the left.
All crystals furnished with TBS equipment are of the third harmonic
type, that is, they are ground to operate on the third harmonic of the
fundamental frequency of the crystal. The crystal frequency marked

on the nameplate is actually the third harmonic frequency and the

and spring shapes. :

crystal is used in the circuit in the same manner as a crystal having
an equivalent fundamental frequency.

Two types of crystal holders have been furnished with the different
models of the TBS series. They differ chiefly in details of the case

The transmitter and receiver crystal for a given frequency form a set
in which the transmitter crystal with the red nameplate in the earlier
models has an operating frequency equal to one fourth of the channel
or transmitting frequency. The receiver crystal with a blue nameplate
in the earlier models has an operating frequency obtained by sub-
tracting 5.3 megacycles from the channel frequency and dividing by
four. The latter crystals are used to control the frequency of the
heterodyning currents in the receiver. Temperature changes will
result in a very slight shift in fundamental frequency of the crystal so
the temperature at which the crystal frequency measurements are

made is given on the nameplate of the crystal holder.
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NAVSHIPS 900,590

GENERAL DESCRIPTION

CRV-52093
CRV-52093A

The transmitter is assembled on a horizontal type
chassis properly shielded to prevent interaction be-
tween stages of the radio frequency oscillator and
radio frequency amplifiers and to isolate the audio
frequency section. The whole assembly slides into
a black crackle finished case that has the front half
of the top hinged as shown in the illustration. An
interlocking switch is mounted on the transmitter
proper so the opening of this hinged top causes
this switch to open the circuit to the magnetic con-
troller and shut down the motor generator. This
removes all power from the transmitter and pre-
vents harm to the operator from high voltages.
The hinged top is normally held closed by three
thumbscrews.

Attached to the chassis of the transmitter is the
panel carrying the dials, meters and switches for
adjusting and controlling the transmitter. At the
upper left hand corner of the panel is mounted
the terminal for the flexible lead to the trans-
mission line and antenna, and for the short antenna
lead to the receiver below. A relay behind the
panel at this point serves to transfer the antenna
from the receiver to the transmitter as desired
during operation of the equipment.

When necessary, the transmitter may be removed
from its housing by disconnecting the flexible an-
tenna lead from the receiver and loosening the
eight thumbscrews around the four sides of the
transmitter panel when the whole unit may be slid
out of the case, confined only by the flexible lead
to the junction box. This must be disconnected if
the transmitter is to be moved any distance. All
connections to the transmitter being made by a
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. series of plugs arranged at the rear of the chassis

fitting into jacks mounted in the enclosure case,
permit its removal without disconnecting any wires
other than the antenna leads to receiver and trans-
mission line.
A chart is provided at the left center of the panel
to record dial settings for frequencies for which
crystals are available. The functions of the various
panel controls and fittings are indicated beiow:
A Tune-Operate switch used to adjust trans-
mitter circuits for tuning when thrown down
by connecting a 1000 ohm resistor in the
plate return of all r-f tubes and left up dur-
ing operation of the transmitter.

B Power Amplifier Neutralizer is used to bal-
ance feedback from the power amplifier tube.
Normally not necessary to adjust.

Pilot Light to indicate that power is on the
apparatus and in condition for operation.

Emergency Stop and Reset. When an emer-
gency arises all power can be cut off the
transmitter with the Stop button and opera-

v Q
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ORIGINAL

tion cannot be resumed from remote control
boxes till the Reset button is pressed.

The Start and Stop buttons are provided on
the panel for convenience, actual control of
starting and stopping usually being done at
the control units. These buttons, of the mo-
mentary contact type, start and stop the
motor generator by actuating the magnetic
controller.

Oscillator. This control tunes the plate cir-
cuit of the first oscillating tube. Since the
frequency of oscillation is determined by the
crystal this control serves to obtain resonance
in the plate circuit of the tube.

First Doubler. This control tunes the plate-
tank circuit of the second oscillator to ob-
tain maximum r-f current in that circuit at a
frequency twice that of the first oscillator.

Second Doubler. In turn, maximum r-f cur-
rent in the plate-tank circuit of the second
doubler results at twice the frequency of the
first doubler when this dial is set at reso-
nance. This is the final transmitter frequency.
Power Amplifier. This dial tunes the final
output circuit of the transmitter to obtain
maximum radiation.

R-F Line Current. This meter indicates in
milliamperes the amount of current being fed

into the transmission line to the antenna and

is a direct measure of the energy output of
the transmitter.

NAVSHIPS 900,590

SECTION ]

Plate and Grid Current Meter. Used prin-
cipally in tuning and adjusting the trans-
mitter, this meter serves to indicate resonance
in adjusting the dial controls of the tuning
circuits, when switched into the proper cir-
cuits by switch K.

Percent Modulation Meter. Acting as a check
on the functioning of the speech amplifier in
the transmitter, this meter indicates the ap-
proximate modulation being obtained while
the transmitter is used for speech trans-
mission.

Test Switch. While tuning or adjusting the
transmitter this button is used to control the
operation by actuating the relay that switches
plate current into the tubes in the transmitter
when desired.

Meter Switch. This is a rotary type, five point
switch and is used to switch the Plate and
Grid Current Meter F into the grid current
of the Power Amplifier and the plate circuits
of such tubes as require checking during tun-
ing or Jperation of the transmitter.

Overload Reset. Arranged behind the panel,
a small overload relay connected into the grid
return circuit of the power amplifier that
trips open should the current in the circuit
exceed 160 milliamperes, due to overloading
of this tube, and shuts down the transmitter.
This button is used to reset the relay when
the trouble is cleared.

RESTRICTED
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GENERAL DESCRIPTION

THE TOP OF THE. TRANSMITTER CHASSIS

The rear view of the transmitter chassis illustrated
above shows the layout of all the apparatus
mounted on the chassis top, with the shielding
provided to prevent interaction between the vari-
ous functional parts of the transmitter.

The main shield running the length of the chassis
isolates the radio frequency from the audio fre-
quency components of the circuit. The radio fre-
quency elements are likewise divided into oscil-
lator, doubler and power amplifier compartments.
The interlocking switch that protects the operator
from harm when the transmitter cover is lifted is
ehown clearly mounted on the shield in the center
radio frequency compartment. The rack for hold-
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ing spare crystals is shown at the right hand end
of the center shielding plate in the power ampli-
fier compartment where they are readily accessible
from the top of the transmitter. :

In the audio frequency compartment mounted on
the shield will be seen the voltage dividing resistors
that provide the various voltages required for the
amplifier tubes and current for such accessories
as the microphones in handset and chest set and
the relays below the transmitter chassis.

It might be well to mention the tube clamps visible
at the tube bases, will be found only on the TBS-8
of the series of TBS equipment.
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Mounted beneath the chassis of the transmitter
are the many smaller components such as resistors,
capacitors and choke coils as shown in the illus-
tration of the bottom view of the transmitter.
Likewise along the lower edge are shown the me-
ters and switches mounted on the lower face of
the panel, which arrangement permits compact
wiring of the whole apparatus.

To facilitate the connection of the transmitter to
the rest of the equipment and still permit its
ready removal for inspection or repair, a pin and
jack system is employed to make connections be-
tween the transmitter chassis and the terminals in
the transmitter housing. The insulating strip car-
rying these pins is shown across the top of the
illustration in blue. When the transmitter chassis
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is slid into its housing these pins make the proper
connections by slipping into jacks arranged on the
terminal board at the rear of the transmitter
cabinet.

Since the transmitter is remotely controlled its
proper functioning depends greatly on a system
of relays that are shown in color in the illustration.
It is important to know the position and function
of these relays should trouble develop.

A—K105—Overload Relay to protect Power Am-
plifier tube.

B—K104—Low Voltage Plate Voltage Relay.
C—K102—Keying Relay for MCW Transmission.
D—K101—Carrier Delay Relay.
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All models of the TBS Series of radio transmitters
and receivers have used this receiver with but one
slight change in the circuit. Difficulty at times
was experienced in the 65 to 69 Megacycle band
in the models TBS, TBS-1, TBS-2, and TBS-3. This
was found to be due to an absorption circuit
formed in the oscillator circuit and was remedied
by the inclusion of resistor R-457 in all later
models.

In construction this unit consists of a horizon-type
chassis to which is attached the front panel. The
assembly slides into a crackle finished black case
which is shock mounted and fitted into the stand
on which the receiver is mounted.

All of the operating and tuning controls are
grouped on the panel in such a manner that the
adjusting dials may be covered by a hinged plate
that swings up to cover them and being clamped
in place by a thumbscrew prevents accidental dis-
turbance of the adjustments. At each end of
the control panel is a small hinged door, the one
at the left permitting access to the fuses in the
power input circuit of the receiver, that at the
right permitting the changing or replacing of the
crystal controlling the frequency of the oscillator.
In the upper left hand corner of the panel is the
antenna terminal which is connected by a short
flexible concentric conductor to the transmitter ter-
minal of the transmit-receive switch. A chart is pro-
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vided in the center of the panel to record the dial

settings for any frequency band to which the

receiver has been tuned so settings may be more

readily duplicated.

Handles are provided to withdraw the receiver

from the case should occasion arise, stops being

attached to the chassis to prevent it slipping all

the way out. Normally eight thumbscrews on the

panel hold it firmly in its case.

Referring to the illustrations we find the following

controls and meters mounted on the panel.

A Power. A pilot light to indicate when the
receiver is switched on.

B Input Meter. When connected into the proper
circuits by means of a switch provided on

the panel this meter indicates cathode cur-
rents in the rf amplifier, first detector and
oscillator stages. It registers full scale deflec-
tion at three milliamperes and is calibrated in
decibels with zero deflection at - 120 db.
When connected into the r-f amplifier stage
the meter indicates the signal input to the
receiver in db above 5 microvolts.

c Output Meter. Used for indicating the out-
put level of the receiver when momentarily
connected into the circuit by a push-switch.
This meter is also calibrated in db with a zero
reference corresponding to an output of two
watts.
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Output Meter Switch. This switch is em-
ployed to connect the output meter into the
circuit while a reading is being taken.
Antenna. This knob tunes the input circuit
of the receiver to the desired channel fre-
quency, usually the same frequency as that at
which the transmitter has been adjusted to
operate.

Link. The plate circuit of the first rf tube

"is tuned to resonance with the grid inpnut

by means of this knob to obtain high selec-
tivity at the high frequency bands used. The
inductance of this tuned circuit is coupled
inductively to the input of the next tube but
is spaced to obtain a good signal-to-noise
ratio.

Detector. Controls the resonance of the grid
circuit input to the first detector. This input
circuit has its coupling adjusted to obtain
good gain and selectivity balance.

Oseillator. This knob tunes the plate cir-
cuit of the oscillator tube activated by the
crystal in its grid circuit.

First Doubler. By tuning the plate of the
next tube to twice the frequency of the
oscillator the frequency of the currents is
doubled. '

Second Doubler. Here the frequency is again
doubled by adjusting the plate circuit with
this knob. In this manner the heterodyning
frequency is obtained to be mixed with the
rf in the first detector resulting in the inter-
mediate frequency of 5.3 megacycles to which
the other transformers in the radio channel
are tuned.

Power Switch. This switch controls the
power input to the receiver and switches on

J
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all currents to the filaments and plates of the
tubes. A transformer and rectifying system
takes care of all power demands of the re-
ceiver and it is only necessary to connect
110 volt a-c current from the ship supply cir-
cuit to the input terminals of the receiver to
take care of all its power requirements.
Input Meter Switch. By means of this switch
the input meter may be switched into the
cathode circuit of the rf tube, the first de-
tector and the oscillator tube, respectively,
by moving the switch from left to right.
A.V.C. Time Constant. The purpose of this
adjustment is to control the delay in return
of sensitivity of the automatic volume con-
trol tube in the circuit. This tube responds
instantly to check overloading and the length
of time the control voltage is retained after
removal of the signal can be adjusted by this
knob, thus tending to a more level signal
intensity.

Noise Suppressor. This knob adjusts the level
at which the noise suppressor circuit starts
to function. By rotating the knob all the
way to the left a switch is actuated that ren-
ders the noise suppressor circuit inoperative.
Volume Control. Intended to set the receiver
for some degree of volume that will operate
handsets and loudspeaker satisfactorily un-
der all conditions. Final adjustment of vol-
ume control is had at control boxes or
loud speaker to suit the individual operating
the equipment.

Phone. A 600 ohm headset may be plugged
into this jack to act as a monitor on the
operation of the transmitter and for re-
ception.
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1 SECTION

THE TOP OF THE RECEIVER CHASSIS

The view of the receiver chassis above shows the
assembly of the larger units mounted on the
chassis. To obtain stable operation and prevent
interaction between the various circuits, all parts
subject to such trouble, including most of the
tubes, have been shielded by individual metal en-
closures. However, the ultra high frequency cir-
cuits are enclosed in a square container at the
lower left corner, shawn with cover removed.

The smaller components of the receiver such as
resistors and capacitors have been mounted under
the chassis adjacent to the terminals of the circuit
elements on top of the chassis with which they are
associated.
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Terminals for connection to the power supply as
well as output terminals are mounted on a small
terminal strip at rear of the chassis and shown at
the upper left of the illustration. These are the
only connections with the exception of the antenna
lead that must be made to the receiver. The power
transformer furnishing both filament and plate
current to the tubes is shown on the left of the
chassis at the center.

Despite its apparent complexity the chassis is very
systematically arranged in regard to the functions
of the circuits involved and can be readily sepa-
rated for circuit analysis,
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From the functional analysis of the receiver chassis
just completed it should be possible to recognize
the terminal side of the components as shown in
the illustration of the bottom view of the receiver
chassis above. For the sake of clarity the smaller
resistors and condensers have not been shown but
these necessary circuit components are given in
Section 7, identified by their symbol number.

At the lower left of the above illustration is shown
the crystal, which determines the frequency of the
oscillator, mounted in a jack. The insertion of the
crystal is made through the opening with the
hinged cover at the right of the receiver panel.
The crystal is held securely in place when the
hinged cover is closed and latched by means of a
rubber knob mounted on the back of the small
door.

At the lower right is shown the power line filter
enclosed in a square shielding container. This
portion of the chassis is shown in conjunction with
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the schematic diagram to show- the relationship
of the various parts in the circuit.

The power supply terminals on the chassis are con-
nected directly to the switch, so opening this switch
cuts all power off the apparatus including the fuses
mounted on the interior metal shield facing cov-
ered opening in the panel. This makes the fuses
readily available for renewal from the covered
opening in the panel front.

The filter itself occupies the larger section of the
shield and consists of the two inductances L404,
L405 connected into the main supply leads as
shown. Connected across the feeders are two sets
of capacitors with the common lead grounded.

With this arrangement any radio frequency im-
pulses picked up by the supply line to the receiver
that may cause interferences are choked back by
the impedances and bypassed to ground by the
capacitors.
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The power for the operation of all the. TBS series
of transmitters is obtained from motor generator
units. Of necessity these units have varied in con-
structional and electrical details but fall into two
general types. One type employs a direct current
motor to drive the generator while the other em-
ploys an alternating current motor. In both types
the generators are very similar and differ only in
minor details of internal wiring.

D-C MOTOR GENERATORS

The illustration shows a horizontal section of the
d-c type to show its general internal construction.
The motor section occupies the right half of the
assembly and comsists of the usual shunt wound
field structure and d-c armature with commutator
shown at A, Since the transmitter requires an a-c
input for the tube filament transformer the motor
armature carries a special winding connected to the
slip rings shown at the right to provide 220 volt
a-c current.

By means of an automatic speed regulator shown
on the end of the motor shaft the speed of the
motor is held practically constant at 3600 r.p.m.
which results in 60 cycle current from the slip
rings,

The generator end, at the left, has the armature
wound to provide two different voltages and has
. two commutator and brush assemblies as shown.
The commutator to the left provides the 875 volt
d-c current for the modulator and power amplifier
plate circuits of the transmitter. The other com-
mutator at the right delivers 300 volt d-¢c for the
amplifier tube plate circuits and likewise powers
the field windings of the generator.

A fan mounted between the armatures as shown
assures proper operating temperatures of the unit
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by drawing in cooling air at each end of the unit
and discharging it through a vent on the side of the
machine.

The d-c motor generator units have been built for -
120 d-c and for 230 d-c supply voltages. They have
also been changed somewhat in physical appear-
ance and in electrical details for the different
models of the TBS series of radio communication
equipment. The earlier models were furnished with
the terminal boxes mounted on the side as shown
in the attached illustrations, which show the ex-
ternal appearance of the machines. The power
leads in the d-¢c motors are fitted with a filter cir-
cuit to prevent any radio interference that might
be caused by sparking of the motor brushes from
being carried back over the power lines. For the
same reason the speed regulator on the motor of
the later model units have a capacitor and resistor
connected in series across the contacts to prevent
radio disturbance due to the opening and closing of
these contacts during operation of the machine.

A portion of the filter circuit to prevent radio
interference from the generator section of the unit
is also built into the machine, the rest being
inounted in the magnetic controller to be described
ater.

ORIGINAL



GENERAL DESCRIPTION

NAVSHIPS 900,590

SECTION ]

D-C MOTOR GENERATOR

D-C MOTOR GENERATOR
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120 volt Navy Type CG-21300—
Furnished with TBS.

120 volt Navy Type CG-21300A
—Furnished with TBS-1, TBS-2,
TBS-3, TBS-4 and TBS-5.

230 volt Navy Type CG-21745--
Furnished with TBS-3, TBS-4,
and TBS-5.

120 volt Navy Type CG-211127
—Furnished with TBS-7, TBS-8.

230 volt Navy Type CG-211130
—Furnished with TBS-6, TBS-7,
TBS-8.
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SPEED REGULATOR FOR D-C MOTOR GENERATORS

CG 2127
CG 21130

CG 21745

fooe 3
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For satisfactory operation of the equipment and
maximum tube life the supply voltage and fre-
quency must be kept within certain limits. The
d-c motor generators, being subject to speed
changes with change in supply voltage, require

some form of automatic control to assure correct
voltage at generator output and constant frequency
at the a-c output from the slip rings on the motor.

The illustration shows a cut-away view of the
speed regulator mounted on the end of the shaft
of the motor generator. A metal cup-shaped mem-
ber is attached to the shaft and carries a weight-
loaded spring mounting a contact at its center. A
brush in the top of the housing makes contact
to this rotating device. A contact is arranged on
the end of the housing, being adjustable by means
of the knob or dial. As shown in the small dia-
grams, these contacts when closed short out a
resistor connected in series with the shunt field
of the motor.

The regulator operates in the following manner.
When the circuit is first closed to the motor the
contacts are open, the resistance reduces the field
current and the machine builds up speed. As the
speed increases, the weights are forced outward
and the contacts approach each other. Should the
speed reach a point where the contacts close, the
resistor is shorted and the stronger field reduces
the motor speed. Thus by properly adjusting the
stationary contact the speed of the machine can
be held constant within close limits.

A-C MOTOR GENERATORS

Where the ship supply current is alternating in
character the motor end of the Motor Generator
must meet this specification, so several types of
a-c Motor Generators have been supplied with
the various models of the TBS Equipment. Only
the motor end differs from the d-c Motor Genera-
tors as will be apparent from the attached illus-
tration showing the horizontal section of the a-c
equipment.

The construction is much simpler, requiring only
the stator windings and the squirrel cage rotor at
the motor end. The generator end follows the same
construction as the d-c motor generators in having
a double wound armature with two commutators.

There is no need for a special winding to provide
the 220 volt a-c for the transmitter filament trans-
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former, as this current may be obtained from the
ship supply lines by the use of a line transformer
as described below.

The a-c motor generators have been built in two
voltages, namely 220 and 440 volts, three phase 60
cycles, and have changed in physical appearance
with different TBS models.

Changes in the wiring between the a-c models have
been slight and similar to those made in the d-c
units, chiefly changes in wiring to the interpoles.
Fuses are provided in all models to protect the
generator windings and a partial filter built into
the machine. No speed control is necessary with
the a-c motor as its speed is determined by the
supply current frequency and the a-c machines

operate at 3450 r.p.m. with 60 cycle supply
current.

ORIGINAL



GENERAL DESCRIPTION NAVSHIPS 900,590 SECTION 1]

440 volt Navy Type CG-211129

A-C MOTOR GENERATOR — Furnished with TBS-6, TBS-7.

220 volt Navy Type CG-21301—
Furnished with TBS, TBS-3,
and TBS-5.

A-C MOTOR GENERATOR Yo vl Novy Type CG-21302—

Furnished with TBS, TBS-1,
TBS-2, TBS-3, and TBS-5.
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1 SsEcTiON

MAGNETIC CONTROLLER FOR
D-C MOTOR GENERATORS

To permit remote control of the transmitter an
automatic starter or magnetic controller is pro-
vided with the power supply units. These are of
two types, one for a-c motor and the other for d-c
motor generators. While the same controller may
be used for 220 or 440 volts in the case of the
a-c units, different types are furnished for 120
and 230 volt d-c service.

The d-c controllers are identical in appearance and
are mounted in a pressed metal case with remov-
able cover that is normally clamped shut with a
screw at the bottom. The external appearance
and arrangement of the various units are shown
in the illustration herewith.

On pressing any of the Start buttons on the trans-
mitter or control boxes the coil of the relay is ener-
gized and draws up its armature. Pilot contacts
alongside the coil are closed, which keeps the coil
energized when the button is released. As the
armature rises slowly under control of a dash pot
it shorts out resistances in series with the motor
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NOTE: Direct current magnetic con-
trollers are furnished in two types
identical in appearance, operation
and wiring, but for different voltages.

120 volt Navy Type CRV-21319 with
TBS, TBS-1, TBS-2, TBS-3, TBS-5,
TBS-8.
Navy Type CG-21319 with TBS-4,
TBS.7.

230 volt Navy Type CRV-21804 with

TBS-3, TBS-5, TBS-6, TBS-8.

¥§W Type CG-21804 with TBS-4,
S-7. :

in three stages to bring the motor generator up
to speed rapidly but without excessive surges of
current.

‘Pressure on one of the Stop buttons shorts the

magnet in the controller causing it to drop its
armature, opening the circuit and stopping the
motor generator. The top door interlocking switch,
emergency stop switch and overload relay on the
transmitter are connected in series with this mag-
netic relay so the opening of any of the switches
results in stopping the motor generator.

As mentioned previously, the controller case con-
tains a section of a ripple filter for the high volt.
age output of the generator, this being formed by
capacitors mounted at the top of the controller
assembly and inductances located in the square
can at the upper left.

Two fuseblocks are provided at lower left, the
upper pair for the incoming current to the motor,
the lower pair being connected in the 220 a-c leads
from the motor slip rings, to protect the special

winding in the armature of the motor from over-
load.

ORIGINAL



GENERAL DESCRIPTION

NAVSHIPS 900,590

SECTION ]

NOTE: The same type magnetic con-
troller is used with all a-c motor gen-
erator units regardless of voltage.
Navy Type CRV-21320 with TBS,
TBS-1, TBS-2, TBS-3, TBS-5, TBS-6.
Navy Type CG-21320 with TBS-4 and
TBS-7.

MAGNETIC CONTROLLER FOR A-C MOTOR GENERATORS

The magnetic controller furnished for the control

of a-c motor generators is shown in the illustration.
It resembles in operation the d-c controller with
the exception that the full line voltage is thrown
directly on the motor on closing of the magnetic
switch.

Housed in a pressed metal case with removable
cover it mounts the magnetic switch on the left
with the can containing the ripple filter induct-
ances to the right of the switch. The two capacitors
forming_part of the H. V. filter are mounted at the
top of the device.

The difference in voltages on which this con-
troller will operate is compensated for by a slight
connection change. When used with 440 volt sup-
ply, the coil in the magnetic switch is energized
from the secondary of the line transformer sup-
lied with 440 volt equipment to provide carrent
or the transmitter filament transformer.
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When used with 220 volt supply, the coil is then
energized direct from the.line current. Terminals
are provided at the left of the terminal strip for
connecting the primary and secondary of the line
transformer.

Mounted on the bottom of the containing case are
the fuseblock, to which is connected the three
phase supply current, as protection against over-
load in the equipment.

The operation of the device is similar to that de-
scribed with the d-c controller. Pushing any of
the Start buttons on control units or transmitter
panel energizes the magnet in the magnetic con-
troller which closes the circuit to the motor. A pilot
contact on the armature serves to keep the magnet
energized. Pressure on the Stop button at any
control point shorts the magnet coil, permitting
the contacts to open and stopping the motor gen-
erator.
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1 SECTION

REMOTE CONTROL UNITS

The two control units furnished with all models of
the TBS series are identical in appearance and
permit full operation of the equipment, with the
exception of the receiver, from any desired remote
location within the vessel. Usually one is installed
in the radio room and the other on the bridge.

The unit is housed in a cast aluminum case with
black crackle finish. They may be installed in any
desired location on wall or bulkhead, provision
being made on both ends of the case for the en-
trance of connecting leads from the transmitter and
for the attachment of the loudspeaker or key to
either unit.

A clamp is provided inside the case to hold the
connecting cable while rubber insulating bushings
are inserted to pass the wiring to the loudspeaker
and telegraph key, although the key is not fur-
nished with the equipment. The top of the case
is removable for inspection and ease in repairing.

A fixed terminal board is arranged in the rear of
the case for connecting the cable while flexible
leads connect the terminal board to the terminals
mounted on the panel carrying the control appara-
tus itself. The front of the panel as shown in the
illustration mounts two receptacles at the left for
the attachment of a chest set and a handset as
indicated.

1-28

NAVSHIPS 900,590

RESTRICTED

GENERAL DESCRIPTION

NAVY
TYPE

CRV-23135

CG-23135

Either unit may be plugged in by fitting the pro-
jection on the plug into the slot in the jack collar
and slipping the plug on the end of the flexible
cord into the jack, and tightening the locking ring
to assure rigid connections.

A phone jack is provided to the right of the hand-
set jack if it is desired to monitor at this point, by
plugging in a 600 ohm headset. A transparent cir-
cular disk to the right of the chest set Jjack glows
red when the transmitter is on.

Since the full output of the receiver is connected
to the control unit a volume control is provided
on the panel to reduce the volume in the handset
to a degree comfortable to the operator,

Two large buttons on the panel control the start-
ing and stopping of the transmitter by actuating
the magnetic controller connected to the motor
generator set. And finally an on-off syitch for

-cutting the earpiece of the handset out of the cir-

cuit, when chest microphone and loudspeaker are
being used for communication.

Behind the panel will be found the apparatus
shown in the second illustration where a schematic
diagram is also given to show the internal wiring
of the control unit, similar letters being used to
indicate the respective parts of the equipment.

ORIGINAL
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At A and B are shown the handset jack and the

chest set jack respectively. No wiring is shown, to
prevent confusion. The jack for the headset is in-
dicated by C. The volume control and its position
in the cireuit is shown by D. The Start and Stop
button mechanism and circuit are shown at E.

At F is shown a relay, controlled by the press-to-
talk switch on the handset and the button on the
chest set microphone when the latter is in use, to
cut out the loudspeaker to prevent acoustic reac-
tion between the loudspeaker and the microphone
being used for transmission. This relay is in the
same circuit as the relay K104 in the transmitter
that actuates the transmit-receive relay controlling
the antenna connections and the plate voltage to

»

the power amplifier and modulator tubes. When
the loudspeaker is cut out of the circuit the output

‘of the receiver is switched into a load resistor

R204 by this relay.

The electrolytic condenser indicated at G is part
of the filter supplying current to the microphone,
the rest of the filter being located in the trans-
mitter. .

The transformer at H is the microphone trans-
former and is used to match the 35 ohm micro-
phone to the 600 ohm input of the transmitter
speech amplifier, it being so designed as to get a
perfect match when both control units are wired
into the circuit.
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1 SECTION

LOUDSPEAKER

Navy Type CRV-49101.
Furnished with TBS,
TBS-2.

Input impedance 600 ohms.
Max. power capability 2 watts,

TBS-1.

The loudspeaker shown in the above illustra-
tion was supplied with the first three models .
of the TBS series. It differs somewhat from
the later model in appearance, having a wire grill

over the diaphragm.

As shown in the lower iHustration the permanent
magnet type speaker unit is rigidly attached to the
rounded metal case by six machine screws. The
volume control and impedance matching trans-
former are attached to the housing, with flexible
leads connecting the voice unit to the terminals on

the back plate.

The wiring diagram below shows
the circuit inside the speaker
where an L pad volume control
is connected across the input
and permits adjustment of vol-
ume at the loudspeaker, reflect-
ing an approximately constant
impedance into the line regard-

less of setting.

The transformer attached to the
housing matches the voice coil

of the speaker to the line.

1-30
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The rear section of the speaker is intended to be
attached to the wall. After wiring is completed the
front section is assembled in place with the volume
control knob near the bottom for convenient oper-

ation.
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LOUDSPEAKER

Navy Type CRV-49155.
Furnished with TBS-3, TBS-5 and
TBS-8.

Navy Type CMX-49155.
Furnished with TBS-4,

TBS-6 and TBS-7.

The loudspeaker furnished with the- later
models of the TBS series differs from the
earlier model in that.a perforated plate is
used in the front instead of the wire grill while
the wiring and internal arrangement differs as will

be seen in the illustration below.

In this speaker the load attenuator is connected
across the leads to the voice coil of the speaker
unit, the latter being of the permanent magnet
type and attached to the front of the housing as

shown. the rear section which is intended to be fastened
The matching transformer is mounted in the rear to wall or bulkhead. Keyhole slots in the front
section of the housing and is provided with taps section permit it being slipped into place over the
to permit matching the speaker to lines of varying machine screw heads, rotated slightly to the right,
impedances. The volume control is also located in and clamped into place with the screws.

6400 A
3200,
1600a
800

400

| 200,
[ 100
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MICROPHONE:

CABLE (W 802)

CONNECTOR (P 801)

GCABLE (W803)

NAVSHIPS 900,590

CABLE (W 801)

THE CHEST SET

NOTE: A chest set is supplied with all models.
Navy Type CRV-51018 with TBS, TBS-1, TBS-2,
TBS-3, TBS-5, TBS-6;

Navy Type CYH-51018 with TBS-4, TBS-7;

Navy Type CRV-51018A with TBS-8.

The chest set consists of a breast plate fitted with
woven straps to support it on the operator’s chest
to which is attached a 35 ohm single button micro-
phone. The microphone support consists of pivoted
metal straps that permit placing the microphone in
the most convenient position for use, the micro-
phone shell carrying a press-to-talk switch.

The breast plate is fitted with a jack into which
may be plugged a standard Navy 600 ohm headset
(not furnished). A twenty foot flexible cord ter-
minating in a polarized plug for attachment to
the control box is connected to the breast plate.
The internal wiring of this unit is similar to that
of the handset, the press-to-talk switch acting to
control the transmitter and cut off the loudspeaker
by means of the relay in the control unit as in the
case of the handset. However, monitoring the trans-
mitter is impossible with the chest set unless a
headset is employed with it.

THE HANDSET

NOTE: Two handsets supplied with each model.
Navy Type CRV.51019 with TBS, TBS-1, TBS-2,
TBS.3, TBS-5, TBS-6;

Navy Type CYH-51019 with TBS-4 and TBS-7;
Navy Type CRV-51019A with TBS-8.

The handsets furnished with the TBS models con-
sist of a molded plastic shell in which are mounted
a 600 chm earpiece, a 35 ohm single button micro-

GENERAL DESCRIPTION

PRESS-TO-TALK BUTTON

-TRANSMITTER ARM (A 801)

SWIVEL ARM (ABO€)

EADSET JACK (J 801)

PPORT (CHEST PLATE A 801)

phone and a press-to-talk switch as shown in the
illustration. A four conductor cable is attached to
the handset and is fitted with a polarized plug to
connect the handset to the jack in the control box.
The press-to-talk switch mounted conveniently in
the handle is used to control the transmitter oper-
ation as well as cut off the loudspeaker if mounted
adjacent to the point where the handset is in use.
As shown in the schematic of the handset, the
switch in the handle has three contacts. Pressing
the button closes the circuit to the microphone and
the circuit in which is wired the loudspeaker re-
lay in the control box. A relay in the transmitter
acts to operate the transmit-receive antenna
switch which closes the plate current circuit to the
power amplifier, thus putting the carrier on the
air for transmission. The earpiece remains in the
circuit with the receiver and acts to monitor the
transmission so it is possible to instantly detect
failure of the transmitter.

RECEIVER:

PRESS-TO-TALK BUTTON

Q201

MICROPHONE:

CABLE:

w20

HAND SET
=2 |
. , [ |
- S ——
{QL@P—E——'—:::::—— {
| |
L==—""]
Q201
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GENERAL DESCRIPTION

THE
TRANSMISSION LINE

NOTE: The transmission line sup-
plied for destroyer type antenna
is 120 ft. long, while the submarine
type is 80 fi. long.

The transmission line connecting the
radio equipment to the antenna is
of the concentric type, gas filled.
That is, one conductor is formed by
the oute- soft copper tube three-
eighths of an inch in diameter, the
other conductor is in the center of
the tube and insulated from the outer
with ceramic beads. The line is kept
filled with nitrogen to a pressure of
ten lbs. per square inch to keep out
moisture and indicate damage to the
line by loss of gas pressure, so re-
pairs may be made at once.

The ends of the line are fitted with end fittings
mounting an insulator for the central conductor
and attachments for filling the line with gas. At
the antenna end of the line a bleeder valve is
attached to allow the escape of entrapped air or

FITTINGS FOR
NAVY STANDARD
GAS SUPPLY
CYLINDER

FLASK VALVE

FITTING
VALVE

NITROGEN
FLASK

"
HOSE >
COUPLINGS
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TRANSMISSION LINE

BLEEDER VALVE

[

BLEEDER VALVE KEY

/iNSULATOR
END FITTING (ANTENNA)

INSULATOR

END FITTING (TRANSMITTER)

moisture-laden gas when clearing the line for

filling.

At the point of installation of the equipment the
line terminates in a junction box shown in the
illustration on Page 35 and is fitted with a gauge
and inlet valve. The junction box is located close
to the transmitter to permit connections being
made to the flexible antenna lead on the trans-
mitter.

TRANSMISSION LINE KIT

To maintain correct operating condition of the
transmission system, a kit is furnished consisting
of a small cylinder for storing nitrogen gas under
2000 lbs. pressure. A fitting for the tank mounts
a 0-2000 1b. gauge and micrometer valve for con-
trolling the flow of gas and a two foot flexible hose
terminating in a fitting to couple the tank to the
gas inlet valve of the transmission line. In addi-
tion a fitting is provided so the small cylinder may
be.coupled to a standard Navy gas cylinder to
refill the small flask. This fitting mounts a 0-2000
lb. gauge in kits with the latter models, being as
shown in the earlier kits.

The parts making up this kit are shown in the
attached illustration. The gauge on the tank fitting
indicates the pressure within the gas flask, while
the pressure on the transmission line, while filling,
is read from the gauge on the line.
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| DESTROYER

The antenna shown in the illustration. is furnished
for use on destroyers and small surface craft.
This is of the quarter wave, vertical type and
employs four horizontal rods to form the ground
plane. Since the length of the vertical radiating
and collecting section is rather critical three rods
are furnished, each' being used for one of the
three frequency bands for which the transmitter
and receiver may be tuned. The rods are readily
changed, a socket with two clamping screws secur-
ing them in position.

On the member supporting the ground rods a
clamp is provided for the termination of the trans-
mission line with connecting strap as shown in the
illustration. The cross arm shown fitted with
shackles can be used to support flag halyards with
the antenna mounted in place on the destroyer
mast. ‘

The lower section of the antenna support con-
tains a grounded concentric section of the antenna.
The length of the grounded concentric section has
been so chosen as to be approximately one-eighth
wavelength, thus presenting an inductive reactance.

1-34
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ANTENNA

NOTE: Navy Type—CRV-66015 sup-

plied with TBS, TBS-1, TBS-2, TBS-3,

| TBS-5, TBS-6, TBS-8.

* Navy Type — CPD-66015 supplied
with TBS-4, TBS-8.

The radiation section, being slightly less than a
quarter wavelength, possesses both radiation ‘re-
sistance and some capacitive reactance. Thus the
inductive reactance of one section neutralizes the

capacitive reactance and presents a pure resistance

\ of 70 ohms to the transmission line. Actually this

neutralization is only perfect at one particular
frequency but this construction results in good
matching of antenna and transmission line im-
pedances over the full width of the band covered
by any selected radiator.
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SUBMARINE

ANTENNA

Intended for mounting on the king post of a sub-
marine, this antenna has the same electrical char-
acteristics as the destroyer type but employs two
ground rods. The details of its construction are
shown in the illustration. Three radiating rods

The means provided for connecting the transmis-
sion line to antenna are clearly shown, the an-
tenna structure being mounted on the craft by
bolting the plate with four holes to a plate welded
on the post of the submarine.

are furnished with this antenna, only one of which
is used with each frequcncy hand as desired.

NOTE: This type antenna sup-
plied with earlier models only.
TBS, TBS-1, TBS-2.

| A shorter stub is used in the submarine antenna
‘to enclose the grounded concentric section. A
drainage plug at the bottom is used to drain out
any moisture that may collect in this section of
the antenna structure and interfere with proper
operation.

JUNCTION BOX

For the purpose of terminating the antenna trans-
mission line and facilitating the connection of the
antenna lead of the transmitter a junction box is
provided. This consists of a rectangular metal box
with a removable cover held in place with four
screws as shown in the illustration.
At the top of the box is an opening into which is
fitted the lower terminal of the transmission line,
two screws being provided to attach the end seal
assembly which carries the inlet valve and gauge
" for filling the transmission line with gas. At the
side of the junction box another opening is ar-
ranged to admit the flexible antenna lead from the
transmitter, the central conductor of which
connects to the center lead on the transmis-
‘sion line within the box. A threaded sleeve
on the box receives the threaded collar on the
flexible lead which is thus clamped rigidly
in place.

ORIGINAL RESTRICTED
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STEP DOWN TRANSFORMER
FOR RECEIVER POWER SUPPLY

When the equipment must be used where no 110
volt a-c supply is available for receiver operation,
a transformer was furnished with the TBS.7 to
reduce the 230 volt a-c to 110 volts.

This took a form of a cylindrical can as shown in
the illustration, provided with mounting straps for
attachment to wall or bulkhead in any convenient

location. The primary leads, at the left, are con-
nected to the nearest source of 220-230 volt cur-
rent. The secondary leads at the right are con-
nected to terminals 18 and 19 on the terminal strip
in the rear of the support stand.

LINE TRANSFORMER

NAVY TYPE CAT-30445

With TBS equipment intended to operate on 440
‘volt a-c circuits, a line transformer is furnished to
provide the 220 volts necessary for the filament
supply in the transmitter, and control voltage for
the Magnetic Controller. The transformer is
mounted adjacent to the magnetic controller and
is connected thereto by means of the terminal leads
provided for the purpose.

The transformer is wound for a two to one re-
duction in voltage, with no taps, the primary be-
ing connected to the 440 volt ship supply through
the controller and the secondary connecting to
the transmitter.

— -
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THEORY OF OPERATION

The circuits employed in the TBS Series of radio
equipment present no novel features that require
extensive treatment for the man familiar with basic
principles of radio apparatus. But in the applica-
tion olp those circuits to equipment designed for use
under severe conditions, on fixed frequencies and
for operation from remote control points, several

interesting and important circuits have been incor-
porated to control the functioning of the apparatus.
This is true, particularly, of the transmitter where
automatic means must be incorporated to permit
switching from transmission to reception, and from
phone to MCW communication with a minimum
of manual operation.

= TO CONTROL UNIT
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TRANSMITTER

As will be seen in the block diagram of the trans-
mitter, the radio frequency components of the cir-
cuit are arranged on the front half of the base and
consist of the orthodox crystal controlled oscillator,
two doubler stages and the power amplifier stage.

The audio frequency stages to provide modulating
voltage for voice and MCW transmission are shown
on the rear half of the base and comprise the usual
speech amplifier stage, a driver stage and the mod-
ulator stage, all push-pull to provide low distor-
tion over a wide variation of input sound fre-
quencies.

To prevent overmodulation and distortion, a Modu-
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lation Limiter is arranged to reduce the gain in the
speech amplifier stage should the output of the
modulator begin to exceed 75%.

A double triode tube VIII serves two purposes in
this unit, one section acting as a source of 1000
cycle current to modulate the carrier when MCW
transmission is employed, while the other section
of the tube forms the delay element in the func-
tioning of the MCW relay to hold the carrier on
the air during key-up periods. Meters are shown in
the diagram, one at M102 to indicate the output of
transmitter, the other at M101 used to adjust
the tuned circuits to resonance, being switched into
the various circuits by means of switch S104.
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RECEIVER

The receiver, the next major unit, is blocked into
its component tube functions in the diagram below.
Here we find the usual superheterodyne circuit
with the local oscillator, crystal controiled to pre-
vent frequency drift. With fixed-tuned receivers
such as this, working in the 60 to 80 Mc range, the
heterodyning frequency must be kept stable to ob-
tain consistent reception over extended periods of
time, :

The three radio frequency circuits making up the
receiver are located in the front and center of the
receiver base. The r-f input at the left, the local
oscillator tubes at the right, both feeding into the
lst detector or mixer tube to produce the inter-
mediate frequency, for the i-f amplifier, '

At the right is located the second detector and

audio stages. The gain of the various amplifying
stages and thus the output of the receiver is con-
trolled by an AVC tube as shown. ‘
Meters are provided in the receiver for indicating.
input at M401 and output at M402, the former be.

ing arranged to check operation of the local oscil-
lator by proper switching.

ORIGINAL
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AUDIO OUTPUT

The power supply for the receiver is. entirely self
contained in that it is only necessary to furnish
115 volt 60 cycle current to the terminals and both
filament current and plate voltages are obtained
from the transformer, rectifier and filter assembly
mounted at the rear left of the chagsis.




9 SECTION

NAVSHIPS 900,590

THEORY OF OPERATION

TBS CIRCUIT ANALYSIS

On the opposite page has been grouped the block
diagrams of both transmitter and receiver with
control units and power supply for the transmitter.
From the consideration just given the two major
units, this group diagram should not be difficult to
understand.

By means of the control circuits connecting con-
trol units, magnetic controller, radio transmitter
and receiver, the operation of the entire equipment
is possible from either control unit, though
mounted at some distance from the other appa-
ratus. During operation periods the receiver is left
switched on and in condition for reception, the
loudspeaker being used for the receiver output
at such time. During actual communication periods,
reception is usually by means of the earpiece in
the handsets or by loudspeaker when the chest set
is used for voice transmission. Switching from re-
ception to transmission being by means of the press-
to-talk button located on the handle of the headset.

Control of the motor generator to furnish current
for operation of the transmitter is available at

either control unit, a Start and Stop but-
ton for the purpose being provided on the .
panel of these units. When the motor gen-

erator is started from either control point, current
is furnished only to the filaments of the tubes in
the transmitter. Thus the apparatus is ready for
instant use but plate potential is only applied to
all the tubes while the press-to-talk buttons are
depressed or during MCW transmission. In both
cases the antenna is switched to the transmitter
and the receiver antenna connection grounded
during transmission.

To take care of switching necessary to transfer
from transmitting to receiving and from phone to
MCW, four relays are installed in the transmitter
chassis. The antenna transfer and high voltage
plate current relay at K103 on the rear of the
panel of the transmitter. The low voltage plate
current to the tubes is controlled by relay K104
mounted under the chassis. The keying relay K102
and the MCW relay K101 are likewise mounted on
the underside of the chassis as indicated by the
dotted lines,

CRYSTAL REFERENCE DATA
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BLOCK DIAGRAM OF COMPLETE TBS EQUIPMENT
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CIRCUIT ANALYSIS OF TRANSMITTER
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RADIO FREQUENCY CIRCUIT

The arrangement of the radio frequency apparatus
within the cabinet is shown in the figure with a
partial schematic diagram attached to show the re-
lationship between the various parts. Only the
more important elements of the radio frequency
apparatus are shown above the chassis, the smaller
components such as fixed capacitors, resistors,
switch connections and two of the meters being
below the chassis level. A partial block diagram
shows functional relationship of the circuit ele-
ments while a full schematic circuit of the trans-
mitter is given on page 22.

The relative position of the various components
and their position in the schematic is clearly shown
by the arrows. The crystal, held in its socket by a
spring mount next to the -807 (V101) tube and its
associated tank circuit consisting of C106 and L101
comprise the first oscillator circuit.

2-8
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This circuit operates at the frequency marked
“Crystal frequency” on the crystal holder, which -
is three times the fundamental frequency of the
quartz crystal. This is not a tripling action similar
to the doubling action employed later but the
crystal is actually ground so its fundamental fre-
quency is one third of the frequency desired in the
plate circuit of the first oscillator. The plate-tank
circuit of the oscillator is then tuned to three times
the fundamental frequency of the crystal which
then actually works on the third harmonic of its
fundamental frequency. Most quartz crystals when
carefully ground will operate in this manner on
successive odd harmonics of their fundamental fre-
quency but with decreasing activity as the har-
monic is raised.

The first oscillator tank circuit, C106 and L101, is
tuned to crystal operating frequency and coupled

ORIGINAL



THEORY OF OPERATION

to the grid of the first doubler through capacitor
C108. A choke coil L106 connected to the grid of
the first doubler prevents drain of the rf energy
to ground through the resistor furnishing grid bias
to the tube.

Proper biasing assures sufficient harmonic distor-
tion in the output of the first doubler so that its
plate-tank circuit, C113 and L102 can be resonated
at twice the frequency fed into the tube, to obtain
a doubling action. The r-f output of the first
doubler is coupled to the second doubler V103
through capacitor C115. An -808 tube is used in this
stage with the choke isolated grid being returned
to a center tap on the filament winding of the
transformer to prevent hum, since this is a fila-
ment type triode.

The plate-tank circuit of the second doubler com-
prising C117, L103 and C120 has its plate voltage
fed into the center of the plate inductance through
a choke L108 and employs a split variable capaci-
tor at C117. The plate circuit is tuned to twice the
frequency of the output of the first doubler so the
r-f output of this tube has a frequency four times
the operating frequency of the crystal, giving the
desired carrier frequency.

The output of the second doubler is now coupled
into the type -808 tube V104 acting as a power am-
plifier, through the capacitor C122. Here again the
grid return is to the center tapped filament wind-
ing but an overload relay K105 as shown in the
schematic diagram on page 22 has its coil connected
into this circuit so an overload on the tube will trip
the relay. When the current in this circuit reaches
160 milliamperes the overload relay latches up and

NAVSHIPS 900,590
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opens the circuit to the magnetic controller relay
and stops the motor generator supplying current
to the transmitter., Having been stopped by the
action of the relay it is impossible to restart the
motor generator until the Reset button on the
panel for this relay is pushed in to reset the relay
armature.

A neutralizing capacitor C121 connects the plate
of the power amplifier V104 to the lower end of
plate inductance L103 of the second doubler V103
and serves to neutralize the capacity feedback be-
tween plate and grid of the power amplifier tube
V104 that would tend to put this tube into oscilla-
tion independent of the crystal controlled fre-
quency developed through the doublers.

The plate-tank circuit C127 and L104 of the power
amplifier is tuned to resonance with the frequency
developed by the second doubler and its output fed
to the transmission line from a tap on the plate-
tank coil through a capacitor C128 and the Line
Current Meter M102 and one terminal of the an-
tenna switching relay.

The Antenna Transfer Relay K103 not only serves
to transfer the antenna from the receiver to the
transmitter during periods of transmission but also
closes the plate circuits to the last tubes in 2nd
Doubler, Power Amplifier and Modulator stages
of the transmitter. During periods of reception
with the motor generator running, only the filament
circuits of the transmitter tubes are energized,
voltage being applied to the plate circuits through
the medium of relays when the press-to-talk but-
tons are depressed or the key operated.

ORIGINAL
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AUDIO FREQUENCY CIRCUITS

The audio frequency circuit components and con-
trol tubes are mounted on the rear half of the
chassis, The layout of the more important elements
and their position in the schematic circuit are
shown in the illustration where arrows associate
respective parts of the circuit.

The speech amplifying system for modulating the
radio frequency output of the transmitter consists
of three stages of push-pull amplification. The
audio signals are fed into primary of the speech
input transformer T101 which has an input im-
pedance of 600 ohms to match the secondary wind-
ings of the microphone transformers in the control
units. The secondary of the transformer connects
to grids of the two -6D6 tubes V109 and V110 which
form the push-pull speech amplifier stage. The
center tap of the transformer is connected to the
variable gias output of the modulation limiter to
be discussed later. Voltages for plate, screen and
fixed cathode bias are obtained from the voltage
divider connected across the low voltage plate sup-
ply (300 volts).

The speech amplifier stage is impedance coupled
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by L111 through capacitors C130 and C131 to the
driver stage which employs two type -2A3 tubes
V107 and V108 operating in push-pull. Grid bias
for this stage is obtained from the resistor con-
nected to the center tap of the tube filaments.

The output of the driver stage is coupled to the
modulator tubes through the transformer T102.
Two type -808 tubes V105 and V106 are used in
the modulator stage, the output of which is coupled
through the modulation transformer T103 to the
plate circuit of the r-f power amplifier to produce
a high level of plate modulation. Plate voltage for
this stage is obtained from the 875 volt output of

‘the motor generator.

viog VIO
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MODULATION LIMITER

To prevent over modulation with its resultant dis-
tortion a type -84 tube V112 is connected as a half
wave rectifier and employed as a modulation lim-
iter. The illustration shows a simplified form of this
circuit along with a sectional schematic. The volt-
age developed across the modulation transformer
T103 is fed through a capacitor-resistor network
formed by R121, R122, R123, R124 and C137 to
the cathodes of the -84 tube. The plates of the tube
are tied together and connected to a capacitor-
resistor filter consisting of R120 and C134B. A rf
choke L112 and bypass capacitor C143 are intended
to filter any r-f currents out of the circuit.

The values of the resistors in the input network to
the tube are so chosen that the d-c¢ bias applied to
the electrodes of the V112 tube is such as to pre-
vent rectification till modulation has reached 75
per cent of maximum. Up to this point the gain of
the speech amplifier stage will be linear.

Above 75 per cent modulation, rectification of the
audio currents applied to V112 begins to take place
in the modulation limiter tube and a d-c voltage
appears across the capacitor-resistor circuit con-
nected to the plates of the tube. The voltage thus
generated is applied as additional bias to the
speech amplifier tubes and reduces the amplifica-
tion factor in this stage, thus providing a limiting

NAVSHIPS 900,590
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action to the modulation voltage generated across
the modulation transformer. A 10 decibel increase
in the input sound level above that required to
produce 75 per cent modulation will result in only
95 per cent modulation. Consequently, wide varia-
tions in the input level may be tolerated without
over modulation while full gain is retained at the
lower input levels.

The action in holding down the modulation level
is practically instantaneous when a high level sig-
nal appears at the input. When the signal ceases,
the gain of the audio system increases relatively
slow (90 per cent recovery in 3 seconds) because
of the slow discharge rate of resistor-capacitor
combination R120 and C134B. This action prevents
rapid variations in the gain between syllables of
words and the resultant distortion.

MODULATION INDICATOR

A PER CENT MODULATION meter M103 is pro-
vided on the panel of the transmitter, the connec-
tions to this meter being ringed in black in the
illustration. The dial of the meter is calibrated to
indicate approximate percentage of modulation
and consists of a voltmeter movement with a recti-
fier, its readings being proportional to the a-f
voltage across the output of the modulation trans-
former.

As will be seen from the diagram, a capacitor C138
is used to block d-c current from the meter, passing
only the a-f component. Two resistors, R108 and

V09 ' V10 R129 serve as multipliers for the meter, the former
AVPLIFIERS being adjusted at the factory to provide correct
‘L indication of modulation when the modulating
108 Vo2 frequency is 1000 cycles per second.
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MODULATED CONTINUOUS WAVE
AND RELAY CIRCUITS

For communication by means of telegraphically
keyed signals, a source of audio frequency current
must be provided to modulate the carrier and, with
remote control as in the case of the TBS equip-
ment, means for switching the audio oscillator on
and off. Both ends have been achieved by employ-
ing a type -6A6 twin triode tube V111 as both audio
oscillator and delay control in the functioning of
the MCW switching relay K101.

As will be seen in the attached diagrams, where the
two sections of the tube are shown separately, one
triode section shown at A acts as an audio fre-
quency oscillator to generate a 1000 cycle note.
The two primary windings in the transformer T105
couple the plate and grid circuits to obtain the
oscillations in the circuit, a capacitor-resistor com-
bination C133 and R118 acting to maintain a suit-
able grid bias. Two r-f choke coils L113 and L114
in the grid and cathode circuits of the tube are in-
tended to choke off any r-f oscillations.

The secondary of the transformer T105 is shunted
by a potentiometer R117 to adjust its output
through R116 to the input of the speech amplifier.

Consider now the functioning of the other triode
gection in the tube V111 shown in simplified form
at B. The plate of this section is connected to the
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coil in the relay K101 and then to a source of d-c
current.

The grid of the tube is connected to a grounded
capacitor-resistor combination R119 and C134A
through the resistor R137 and contacts A of keying
relay K102. Under normal conditions, sufficient
plate current flows in the circuit of the tube section
to cause the magnetic coil in relay K101 to draw
up its armature and hold open the three sets of
contacts on the relay. This is the normal position
of this relay during standby or phone transmis-
sion periods. The open contacts at A on the relay
K101 open the plate supply to the audio frequency
oscillator section of the tube. Contacts B connect
to relay K104 controlling the low voltage plate
current to the tubes in the transmitter and antenna
transfer relay K103. The open contacts at C are
connected across the modulation limiter bias out-
put so the latter may continue to function.

Let us see now what does happen when MCW
communication is desired. The Keying Relay K102
has two sets of contacts. Normally the A contacts
are open, the B pair closed as shown in lower
schematic. Pressure on the key at a control unit
energizes the keying relay which opens contacts B,
and removes the short on the audio output of the
audio oscillator transformer T105. Contacts A clos-
ing, places a high negative potential on the grid
of the delay section of tube V111, blocking the

BLOCK DIAGRAM AND
SCHEMATICS OF MCW
AND RELAY CIRCUITS.
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plate current flow. The decrease of plate current
in this section of the tube causes the armature of
MCW relay K101 to drop out and close all three
sets of contacts. Contacts A of K101 close the plate
circuit to the oscillator section of the tube and the
audio frequency note is fed into the primary of the
input transformer of the speech amplifier. Contacts
B on closing, energize the low voltage plate cur-
rent relay K104 and in turn energize the antenna
transfer relay which transfers the antenna from
the receiver to the transmitter and closes the high
voltage plate supply to tubes in the transmitter.
Contacts C on K101 on closing ground out the con-
trol bias of the modulation limiter and full modu-
lation is obtained. Thus a modulated carrier is put
on the air and a 1000 cycle modulated note is heard
at a distant receiver as long as the key is depressed.

On raising the key to form the dots and dashes of
the telegraph code the keying relay K102 opens,

NAVSHIPS 900,590
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contacts B close, cutting off the modulating cur-
rent to the audio amplifier but when contacts A
open the negative charge on the grid of the tu.be is
retained by capacitor C134A holding the grid of
the delay section of the tube negative so plate cur-
rent is not restored in this circuit at once and the
contacts on the MCW relay K101 remain closed and
the carrier remains on the air during the key up
periods, The values of C134B and R119 are so
chosen that it requires between 0.7 and 1.2 sec-
onds for the negative charge in the capacitor to
leak off through the resistor and when the key is
held up for about one second the plate current will
be restored in the delay section of tube V111 and
relay K101 will be energized and the contacts all
opened. This action stops the audio oscillator, re-
moves the short from the modulation limiter and
de-energizes relay K104; K103 in tarn removes the
carrier from the air and switches the antenna back
to the receiver for reception. ’
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PHONE TRANSMISSION CIRCUITS

The sequence of relay operation is slightly differ-
ent when the equipment is being employed for
phone transmission. Complete control of the trans-
mitter being possible from either control unit, the
motor generator furnishing current to the trans-
mitter may be started from either point by means
of the Start and Stop buttons on tge control unit
panel. With the motor generator running the tube
filaments in the transmitter will heat up.

When it is desired to communicate by voice it is
only necessary to depress the button on the handle
of the handset or on the microphone of the chest
set. This action closes a circuit through a relay
K201 mounted in the control unit involved which
cuts off the loudspeaker if connected to that unit
and connects R204 across the line to maintain con-
stant overall output impedance of system as shown
in the complete schematic circuit on this page. The
relay coil in the control unit is connected in series
with the low voltage plate relay K104 in the trans-
mitter which, on closing, applies low voltage plate

ORIGINAL
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current to the tubes and energizes the antenna
transfer relay K103. The latter switches high volt-
age plate current on to the tubes and connects the
transmitter to the antenna transmission line. The
result is the emission of the carrier wave which
may then be modulated by speaking into the micro-
phone, either on the handset or chest set. Releas-
ing the button permits the relays to drop out,
opening plate supply to the transmitter tubes and
restoring the antenna to the receiver.

The control units are fitted with a microphone
transformer T201 as shown in the schematic to
match the 35 ohm single button microphone to the
600 ohm input of the transformer T10l in the
speech amplifier of the transmitter.

The necessary direct current for the microphone
is obtained from the resistor network R127 and
R218 connected across the 300 volt supply to the
transmitter tube plate circuits in the transmitter
chassis as shown in schematic on page 22. An im-
pedance L110 serves as part of the filter, the re-
mainder being formed by the capacitor C201 in the
control unit.
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The circuit employed in the receiver is of the su-
perheterodyne type and can be broken up accord-
ing to function for study without difficulty. As
shown herewith the circuit elements are arranged
in groupings that can be considered individually,
as they have been so grouped on the chassis.

For our purpose it will be found we can split the
chassis into six parts with the circuit elements
grouping in this manner.

mm o O @ >

Radio Frequency tuning circuits.

Local oscillator circuits.
Intermediate-frequency amplifier circuits.
Second detector and audio amplifier circuits.
Automatic volume control.

Receiver power supply circuit.

2-14 RESTRICTED ORIGINAL
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THE RADIO FREQUENCY
TUNING CIRCUITS

Excellent selectivity at the signal
frequency is obtained in the receiver
by the use of three highly efficient
tuned circuits preceding the first de-
tector. As shown in the illustration,
which links schematic to the radio
frequency portion of the chassis by
arrows, the antenna is inductively
coupled to the first tuned circuit in
the grid circuit of the -956 tube
V401 acting as a r-f amplifier. The
degree of coupling used results in
the maximum transfer of energy to
the tube input.

The tube, mounted on the shield be-
. tween the two compartments in the
r-f compartment, has its plate cir-
cuit tuned to resonance with the in-
put of the tube to obtain maximum
gain, give high signal-to-noise ratio
and eliminate spurious frequency
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The output of the first r-f tube V401 is coupled into
the first detector tube V402 by means of a coupling
transformer or link circuit T402. Both primary and
secondary of this coupling arrangement are sepa-
rately tuned by capacitors C402 and C403 and the
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coupling between the windings is adjusted to ob-
tain an optimum balance between r-f gain and se-
lectivity over the complete tuning range.

The type -6C6 tube used as first detector or mixer
V402 is operated as a power detector since this
type detector is inherently free from blocking and
cross modulation tendencies and produces a mini-
mum of distortion when overloaded. The resonant
circuit tuned by capacitor C403 feeds the signal
frequency direct to the grid of the tube. The hetero-
dyning frequency, which is mixed with the signal
frequency to produce the intermediate frequency,
is fed into cathode circuit of the detector tube
through the capacitor C422 from the output of
the local oscillator to be described next. This
method of coupling results in a minimum of reac-
tion between the tuned circuits.
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B LOCAL
OSCILLATOR CIRCUITS
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For the purpose of considering the action of
the local oscillator providing the heterodyn-
ing currents, that portion of the chassis as-
sembly is shown as viewed from the rear. The
principle employed here to obtain current of the
correct frequency to mix with radio frequency sig-

nals to provide the intermediate frequency of 53

megacycles is similar to that used in the trans-
mitter to provide carrier wave frequencies.

The illustration gives the tie-up between a partial
schematic and the actual apparatus. The crystal,
actually mounted below the chassis, can be seen
through the opening at the left.

Operating the receiver on fixed tuning requires
that the local oscillator, generating the heterodyn-
ing frequency must have a minimum of frequency
drift over long periods of operation. To assure
frequency stability, the oscillator is crystal con-
trolled as in the case of the transmitter. A type
-6F8G tube V403 is used as both oscillator and first
doubler.

The operating frequency FC of the crystal Y402
in the grid circuit of the oscillator is one fourth of
the difference between the signal frequency Fs and
5.3 mec.

Fs (MC) —5.3
4

Fe (MC)

The plate circuit of the first section of V403 is
tuned to the erystal frequency, marked on the crys-

| V404 | ‘o5t
2w DBLR Isr DBLR
[)
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tal holder, by L401 and C404. The r-f voltage of
this circuit is coupled to the grid of the second sec-
tion of the tube V403 through capacitor C443.
The plate of the second section of the tube is tuned
to twice the crystal frequency by 1402 and C405.
The output of this tuned circuit is coupled to the
grid of the second doubler, a type -6J5-G tube V404
through capacitor C458. Resistor R448 prevents
spurious oscillations in V404. The plate circuit of
the second doubler is tuned to twice its grid input
frequency or four times the crystal frequency, thus
giving the desired heterodyning frequency. The
output of the second doubler is coupled into the
cathode of the first detector or mixer tube by means
of C442,

In the earlier models of the TBS equip-

ments, difficulty was experienced at times in
the reception of frequencies between 65 and 69
megacycles. This was due to an absorption circuit
being formed by capacitors C444, C445 and their
connecting leads. The inclusion of the resistor
R457, indicated by the arrow, in the circuit effec-
tively eliminated this trouble in all subsequent
models.
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c INTERMEDIATE FREQUENCY AMPLIFIER CIRCUITS

The if or Intermediate frequency amplifier occu-
pies the center section of the chassis and consists
of three stages of fixed tuned amplification. As
shown in the illustration, where a section of ‘the
schematic diagrams accompanies it, it consists of
three -6D6 tubes, V405, V406 and V407 coupled by
fixed i-f transformers.

The signal and heterodyning frequencies are mixed
in the first detector tube. The fixed tuned trans-
former T403 selects the difference component of
the two frequencies in the plate circuit of the mixer
tube and couples it to the grid of first stage of the
intermediate frequency amplifier.

The amplifier comprises three stages of fixed tuned
amplification consisting of the four coupling trans-
formers, T403, to T406 in conjunection with three
type -6D6 tubes, V405, V406, V407. Each trans-
former consists of two tuned circuits with coupling
greater than critical to produce a selectivity curve
with a broad top. In the first three intermediate fre-
quency transformers, a resistor is connected across
one of the windings to reduce the double peaking
effect produced by the close coupling of the pri-
mary and secondary coils.

ORIGINAL

The transformers are tuned by fixed capacitors and
adjustable magnetite cores. Sufficient selectivity is
obtained to eliminate undesirable frequency com-
ponents appearing in the plate circuit of the first
detector and maintain a high degree of adjacent
channel selectivity. All voltage leads to the ampli-
fier stages are adequately filtered by resistance-
capacitance combinations to insure stability and
freedom from oscillation,
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The output of the i-f amplifier is coupled into the
second detector tube V407, a -75 tube which func-
tions both as a detector and noise suppressor. The
.75 is of the diode-triode type, the former section
being used as the detector since this type suffers
little from overloading and has low distortion
characteristics. The schematic accompanying ‘the
chassis section in the illustration shows this con-
nection on the tube. The volume control R418 and
R419 provides the diode load resistance. The audio
output from the diode is capacitively coupled from
the arm of R418 to the grid of the first a-f ampli-
fier, through capacitor C436.

A portion of the negative d-c voltage developed by
the diode second detector is impressed on the grid
of the triode section of the Type -75 tube to control
the noise-suppressor circuit. The signal input level
at which the noise suppressor beings to function
is adjustable by means of a variable resistor R439
connected in the cathode circuit of the first and
second i-f amplifier stages, serving to vary the gain
in these two stages as shown in the large schematic
on page 22. A switch S405 is mounted on the cath-
ode variable resistor control and renders the noise
suppressor inoperative when the control is turned
to its maximum counter-clockwise position.

The noise suppressor functions in the following
manner: With no signal being received and the
noise suppressor connected in the circuit, there is
a small positive bias on the grid of the Type -75
tube. Under this condition, plate current is flowing
in the tube and produces a voltage drop across the
associated plate resistor R425. This resistor is con-
nected in the grid circuit of the first a-f amplifier
stage in such a manner that the voltage drop biases
the a-f amplifier stage beyond plate current cut-off,
rendering it inoperative. If a signal of sufficient
magnitude is applied to the input of the receiver,
a negative voltage will be developed across the
diode resistor R425 of sufficient amplitude to over-
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ride the positive delay on the grid of the noise
suppressor section of the tube, and thus bias it to
beyond plate current cut-off. When this condition
is reached, there is no voltage drop across the plate
resistor R425 of the noise suppressor tube, thus
reducing the bias of the lst audio amplifier and
consequently the amplifier returns to its normal
operating condition and is susceptible to signals.

Resistance-capacitance filters are provided in the
noise-suppressor control circuits to insure that no
audio-frequency voltage appears at either the grid
or the plate of the noise-suppressor tube.

The audio-frequency amplifier consists of two
stages: A Type -6C6 tube V410 as a voltage ampli-
fier and a Type -6Y6-G tube V411 as a power am-
plifier. Resistance coupling is used between the sec-
ond detector and the first a-f amplifier stage and be-
tween the two a-f amplifier stages.
The power amplifier is transform-
er coupled by T408 to the 600 ohm
output impedance. Inverse feed-
back is employed in the audio-fre-
quency amplifier through resist-
ors R428 to the cathode circuit of
first audio amplifier to reduce dis-
tortion and to improve the fre-
quency response characteristic.

A telephone jack J401 is provided
for plugging in a telephone head
set for monitoring purposes. The
telephone head set, if used, re-
ceives its energy from the second-
ary of the output transformer
T408 through a series resistor
R442 of suitable value to reduce
the power to the head phones to
approximately 6 milliwatts when
the receiver is delivering 2 watts
output to the 600 ohm line.
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The Type -6F7 tube V409 employed in the auto-
matic volume control circuit of the receiver is of
the triode-pentode type and performs two func-
tions. The pentode section of the tube as shown
at the left in the simplified schematic in the illus-
tration is used as an amplifier stage. The amplifier
gection is parallel fed from the input circuit of the
third intermediate frequency amplifier and oper-
ates at full gain continually.

The output of the pentode section is coupled by
means of the intermediate frequency transformer
T407 to the triode section of the tube which is con-
nected to function as a diode rectifier. The trans-
former is tuned by adjustable magnetite cores and
distributed capacity. The d-¢ potential resulting
from the rectification in the tube appears across
the resistor-capacitor combination R440 and C451.

The full d-¢ output of the a-v-c rectifier appearing
across R440 is fed back to the control grids of the
first r-f stage and the first and second i-f stages.
A portion of the output is fed to the gnd of the 3rd
i-f stage. This combination of a-v-c circuits and
voltages produces an exceptional flat gain char-
acteristic. A positive d-c voltage delay is provided
for the circuit of the a-v-c rectifier. This allows

ORIGINAL
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SHORTING TYPE ROTOR

AVC TIME CONSTANT SWITCH
(s-402)
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the output to build up almost to maximum value
before the a-v-¢ circuit starts to function, and
thereafter the output will remain practically con-
stant regardless of increase in signal input level.

Provision is made for variation in the a-v-c time
constant by the selective switching of capacitors
C447 and C448 across the a-v-c voltage by means of
the Time Delay Constant switch S402 on the panel
of the receiver. The time constant characteristic is
such that the circuit starts to function almost in-
stantly after the signal reaches a level tequu'mg
control but the a-v-¢ voltage wﬂl be held for a given
time after the
signal ceases.
The length of
time the control
will be held can
be controlled by
the operator in
four steps rang-
ing from 0.5 sec-
ond to 2.0 sec-
onds.
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All power for operation of the receiver is obtained
from a 115-volt 60 cycle, single-phase service. The
rf filter unit in the power line, consisting of in-
ductances L404, L405 and capacitors C453A, C453B,
CA454A and C454B, function to prevent so-called
“back door interference” from entering the re-
ceiver over the power lines. Adequate shielding
for this filter is provided beneath the receiver
chassis.

The power transformer T409 supplies all voltages
both high and low for the operation of the re-
ceiver and a Type -5Z3 rectifier tube is employed
to supply all d-c operating potentials. Three am-
pere fuses are provided in each side of the line for
the protection of the equipment in case of short
circuits, tube failures, or the like. The power switch
S401 mounted on the front panel opens both sides
of the line, thus removing all a-c potentials from
the line filter, fuses and primary of the power
transformer.

AUTOMATIC

For the protection of the operator and to assure
proper operation of the equipment, certain auto-
matic devices have been included in the equipment
and accessories. The motor generator is remotely
controlled by means of a magnetic controller, the
relay of which is energized by pressing start but-
tons at either control unit or on transmitter panel.
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RECEIVER POWER
SUPPLY CIRCUIT

ns5v 60nrv

The pulsating d-c current resulting from rectifica-
tion in the -5Z3 tube is smoothed out by the filter
combination formed by iron core reactors L406A,
L406B and three capacitors C455, C442, and C456.
This furnishes a comparatively ripple free high
voltage current for the tubes in the receiver, As
will be noted in the schematic page 22, r-f chokes
are provided in the filament supply leads to elim-
inate coupling between the tube circuits and pre-
vent unstable operation. :

Practically full output of the receiver is fed into
the lines connecting to the control units, it being
possible to adjust the sound level at the units or
loudspeaker to suit the noise conditions where the
units are located. An output meter M402 is ar-
ranged to be switched into the circuit by means of
the switch S404 mounted on the panel of the re-
ceiver. The meter is calibrated to indicate the out-
put of the receiver in decibels with a zero refer-
ence corresponding to a 2 watt output.

CONTROLS

A switch S103 is arranged so that by opening the
top of the transmitter housing the switch will open
the circuit to the relay in the magnetic controller,
shutting down the motor generator to prevent harm
to the operator from the high voltages used om
the transmitter tubes.
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3 SECTION NAVSHIPS 900,590 INSTALLATION

SAFETY

OPERATION OF THIS EQUIPMENT INVOLVES THE USE OF HIGH VOLTAGES (875
VOLTS) WHICH ARE DANGEROUS TO LIFE. OPERATING PERSONNEL MUST AT ALL
TIMES OBSERVE ALL SAFETY REGULATIONS. DO NOT CHANGE TUBES OR MAKE
ADJUSTMENTS INSIDE EQUIPMENT WITH HIGH VOLTAGE SUPPLY ON. DO NOT
DEPEND UPON DOOR SWITCHES OR INTERLOCKS FOR PROTECTION BUT ALWAYS
SHUT DOWN MOTOR GENERATOR OR OTHER POWER EQUIPMENT. UNDER CERTAIN
CONDITIONS, DANGEROUS POTENTIALS MAY EXIST IN CIRCUITS WITH POWER
CONTROLS IN THE OFF POSITION DUE TO CHARGES RETAINED BY CAPACITORS,
ETC. TO AVOID CASUALTIES ALWAYS REMOVE POWER DISCHARGE, AND GROUND
CIRCUITS PRIOR TO TOUCHING THEM.

Since the use of high voltages (875 volts) which are dangerous to human life is necessary to the
successful operation of the equipment covered by these instructions, certain reasonable pre-
cautionary measures must be carefully observed by the operating personnel during the adjust-,
ment and operation of the equipment.

The major portions of the equipment are within shielding enclosures, provided where neces-
sary with access doors which are generally fitted with safety interlock switches which act to
| shut off dangerous voltages within the enclosures when the access doors are open.

It should be borne in mind that interlocks are provided only on normal access doors on cer-
tain major units and therefore side, back or top screens, commutator covers, if removed, will
not cause interlocks to function and will thereby allow access to circuits carrying voltages dan-
gerous to human life.

While every practicable safety prec}ﬁtion has been incorporated in this equipment the follow-
ing rules must be strictly observed:

| KEEP AWAY FROM LIVE CIRCUITS—Under no circumstances should any person be per-
mitted to reach within or in any manner gain access to the enclosure with interlocked gates or
doors closed or with power supply line switches to the equipment closed; or to approach or
handle any portion of the equipment which is supplied with power, or to connect any ap-
paratus external to the enclosure to circuits within the equipment; or to apply voltages to the
equipment for testing purposes while any non-interlocked portion of the shielding or enclosure
is removed or open. Wherever feasible in testing circuits, check for continuity and resistances
rather than directly checking voltage at various points.

I 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—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 reliance be placed upon the interlock switches
for removing voltages from the equipment. :

THE ATTENTION OF OFFICERS AND OPERATING PERSONNEL IS DIRECTED TO
CHAPTER 67 OF BUREAU OF SHIPS MANUAL OR SUPERSEDING INSTRUCTIONS ON
THE SUBJECT OF “RADIO SAFETY PRECAUTIONS TO BE OBSERVED.”

AN APPROVED POSTER ILLUSTRATING THE RULES FOR RE-
SUSCITATION BY THE PRONE PRESSURE METHOD SHALL BE
PROMINENTLY DISPLAYED IN EACH RADIO, RADAR OR
SONAR ENCLOSURE. POSTERS MAY BE OBTAINED UPON
REQUEST TO THE BUREAU OF MEDICINE AND SURGERY. _
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NAVSHIPS 900,590

INSTALLATION

In selecting the location for the installation of the
various units in the TBS equipment due considera-
tion must be given to the factor of maintenance
and servicing. To that end the transmitter and
receiver must be mounted so they can be with-
drawn completely from their housing, with space

NOTE: The following in-
structions and illustrations
should be carefully stud-
ied before starting instal-
lation. A wrong connec-
tion or improper assembly
may do great damage to
the equipment.

above the transmitter to give access to the hinged
top. The transmission line must terminate and the
junction box be located within two feet of the
antenna connection on the transmitter with the
gauge and gas input valve readily accessible.
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INSTALLATION

The overall dimensions of the transmitter and re-
ceiver unit are given herewith for guidance, with
the illustration on the opposite page showing how
various parts fit together to form the assembly.
At the rear bottom of the enclosure stand will be
noted a small detachable member which mounts
the terminal board to which all con-
nections for transmitter and receiver are
made. This terminal strip normally oc-
cupies the space between the rear of the
receiver and the back of the support
stand.

The arrows in the illustration give the
order in which the assembly is made so
it follows that dismantling for installa-
tion should be done in the reverse order

as discussed later.

While uncrating the unit in prepara-.
tion for installation, use care not to
damage the controls or panel equip-

ment. Examine the apparatus carefully

NAVSHIPS 900,590

SECTION 3

to these parts in shipment. Requests for replace-
ments should be put through at once. As the trans-
mitter is further dismantled to mount terminai
board and enclosure stand, each part should be
carefully examined for damage or loose connec-

tions in the wiring,

for any damage that may have occurred

ORIGINAL
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3 SECTION NAVSHIPS 900,590 INSTALLATION

DISMANTLING THE TRANSMITTER
AND RECEIVER FOR INSTALLATION

The progressive steps for dismantling the trans-
mitter and receiver units are shown in the at-
tached illustrations and it is important that this
order he followed.

EMERGENCY

SYOP  RESE1 TESYSW,

3-6

Loosen two screws on front of antenna
connection to receiver and remove cover.

3 Unscrew eight thumbscrews holding re-
ceiver in case.

EMERGENCY
$100 msey 151 Sw.

e@®Oe ©

Disconnect antenna lead from receiver by

removing thumbnut holding terminal lug ) i .
on standoff insulator and swing flexible Withdraw receiver chassis to stops by

lead to side. means of the handles provided.

RESTRICTED ORIGINAL
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5 Release the two stops on receiver chassis
with finger tips and remove receiver from
case.

The receiver case can now be removed
from enclosure stand.

6 Loosen eight thumbscrews holding trans-
mitter in case and remove the transmitter.

No stops are on the chassis of the trans.
mitter.,

9 The terminal hoard can then be removed
from rear of support stand.

7 Turn support stand on its side and remove
four screws holding stand to wood base.

ORIGINAL RESTRICTED 3-7
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TO CONTROL UNIT
TO RECEIVER TERMINAL
TO MAGNETIC CONTROLLER

The first step in wiring the apparatus is to mount
the terminal bhoard assembly in place on the table
or support where the apparatus is to be assembled
by means of screws through the hole in the base
of the terminal board frame. Its position being
such as to occupy the opening in the bottom of
the enclosure at the rear when the equipment is
assembled.

This assembly may be located with the terminals
accessible from the front or from the rear, de-
pending on which is the most convenient method
of mounting. If the equipment is mounted against
a bulkhead, the terminal boards should, of course,
be mounted so that they are accessible from the
front. The numbering on the terminal strips is
so arranged that the side of the strips marked “B”
is correct when the terminal boards face the front.
When the boards face the rear, the marking strips
must be removed, turned over to the side marked
“A” and interchanged so that number “1” on the
board is on the right-hand side of the assembly,
viewing the rear.

As shown in the illustration of the terminal strip
mounted on its support, six holes are provided
for the insertion of the cables, two in each end and
two in the bottom, any of which may he used as
found most convenient.

The cable from the control units must be Navy

Type MHFA-14. Cables from hoth control units

3-8

NAVSHIPS 900.590

IOV SUPPLY FOR RECEIVER

INSTALLATION

NOTE: Color is used here to indi-
cate cables only; each cable has
its individual conductors color

coded.

{

may be connected to this terminal board provided
the total length of cable used is not over 200 ft.
If more convenient, one cable may run from the
transmitter-receiver terminal board to one of the
control units and another cable from that unit to
the other control unit.

For connection to the magnetic controller a ten
conductor cable will be required, having sufficient
insulation for 900 volts d-c and 220 volts a-c. Navy
Type MHFA is suited to this purpose.

RESTRICTED
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WIRING TO TRANSMITTER FROM CONTROL UNIT

Before inserting the cables in the opening in the
terminal board mounting, remove the sheath to ex-
pose a sufficient length of the conductors to make
the necessary connections to the terminals and
clamp the cable in place with the clamps provided
inside the openings. For convenience two sim-
plified wiring diagrams are given herewith, the
complete interconnection diagram being given
on Page 35. The color code given for the wiring
should be followed carefully, making connections
to the lower row of terminals. Only 13 wires are

required to make the connections, the 14th being

115V TO RECEIVER Mg

OUTPUT FROM
RECEIVER

cut off close to the end of the sheath or kept as a
spare conductor.

Connections are also shown for the two conductor
cables, type MCS-2, that connect to the receiver
chassis. These should be about three feet long. A
two conductor cable is also connected to the ter-
minal board from the 115 volt a-c ship supply cir-
cuit to furnish current for the operation of the
receiver. It is well to complete all the wiring to
the various units before the radio apparatus is
assembled so wiring can be checked readily when

completed.

N

ORIGINAL

115V. - 60V
SHIP SUPPLY

WIRING TO TRANSMITTER

FROM MAGNETIC CONTROLLER
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INSTALLING THE POWER SUPPLY UNITS
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On the following pages are given the overall di-
mensions and measurements required for guidance
in mounting the motor-generator units and their
associated magnetic controllers. Since it is neces-
sary to wire these units when making the installa-
tion a color coded wiring diagram is shown with
the various types of motor generators furnished
with the different TBS models.
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The motor-generator units should be mounted on
a firm foundation by means of lag screws or bolts,
These units require frequent inspection and lubri-
cation, so should be readily accessible with suffi-
cient clearance for service or repair.

The magnetic controller must be mounted on
wall or bulkhead close to the motor generator in
a VERTICAL position, otherwise the gravity type
starting contactor will not open. The cable used
to connect these units should have sufficient insula-
tion to withstand 900 volts d-c in the case of the
generator output wiring.

As will be seen from the color chart given with
each wiring diagram of magnetic controller and
motor generator, the red lines indicate the cable
from the terminal strip in the transmitter and
receiver support housing and are numbered ac-
cording to the terminal they connect to on that
strip. The blue lines indicate leads from con-

troller to motor while the green lines indicate
output from the motor generator.
WIRING DIAGRAM FOR USE WITH
120 V. AND 230 V. D-C SUPPLY UNITS: '
120 YOLT Navy Type CG-21300 Motor
Generator and Navy Type CRV-21319 Mag-
netic' Controller furnished with TBS,
TBS-1, TBS-2, TBS.3, TBS-5.
Navy Type CG-21300A Motor Generator
and Navy Type CG-21319 Magnetic Con-
troller furnished with TBS-4.
230 YOLT Navy Type CG-21745 Motor
Generator and Navy Type CRV-21804 Mag-
netic Controller furnished with TBS-3,
TBS-5.
Navy Type CG-21745 Motor Generator and
Navy Type CG-21804 Magnetic Controller
furnished with TBS-4.
L]
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AND 230 V. D-C MOTOR GENER-

WIRING DIAGRAM FOR 120 V. »

_5%: 3, ATOR WITH TERMINALS ON TOP.
IR ' _Ng/ 120 VOLT Navy Type CG-211127 Motor
‘\ ‘&‘ — L RS » Generator and Navy Type CG-21319 Mag-
T \\ netic Controller furnished with TBS-7.
N E NAME % \g_" 220 VOLT Navy Type CG-211130 Motor
7 g '2}.“0’“, Generator and Navy Type CRV-21804 Mag-
‘L\t_"ﬁ% — .y o netic Controller furnished with TBS-6.
' i ’ z ) Navy Type CG-211130 Motor Generator
RS - —] ";3 and Navy Type CG-21804 Magnetic Con-
“—L— | | w troller furnished with TBS-7.
-} Uty 'y Qe
%, PIPE THRD ' W f a

<

‘ STEP DOWN TRANSFORMER

ire A step down transformer 220 volt to 110 volt a-c
is furnished with the TBS-4 equipment to supply
0 the 110 volt a-c for the operation of the radio
receiver when the available ship supply current
is 220 volt a-<c. The attached illustration gives the
overall and mounting dimensions of this trans-
former which may be installed on the bulkhead
close to the receiver location. The primary of the
transformer is connected to the ship supply lines,
leads from the secondary being connected to ter-
minals 18 and 19 on the terminal strip in the
support stand.
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LEGEND
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3 SECTION

Overall dimensions and mounting hole location on
the line transformer are shown at the left. This
transformer is furnished with 440 volt a-c equip-
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WIRING DIAGRAM FOR 440 V., A-C MOTOR
GENERATORS WITH TERMINALS ON TOP. !

440 VOLT Navy Type CG-211129 Motor Generator
and Navy Type CRV-21320 Magnetic Controller

furnished with TBS-6.

Navy Type CG-211129 Motor Generator and Navy
Type CG-21320 Magnetic Controller furnished with

TBS-7.
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ment and installed near the magnetic controller.

The method of wiring the transformer into the
circuit is shown in the wiring diagram for the mag-

netic controller and motor gen-
erator on opposite page. The pri-
mary winding is connected to
terminals 5 and 6 while the sec-
ondary winding is connected to
terminals 1 and 4 on the terminal
strip of the a-c magnetic- con-
troller. The transformer then fur-
nishes the 220 volts a-c for the
transmitter filament transformer.

In 220 volt a-c installations the
transformer is not required, con-
nection being made directly from
terminal 4 to 5 and 1 to 6 by short
jumpers within the automatic
starter.
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~ INSTALLING THE CONTROL UNITS
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To install the control units it is first necessary to
remove the panel by loosening the four screws
holding it in place on the metal housing. The
panel with its assembly may then be withdrawn
from the case, flexible leads being provided to
permit its removal without disconnecting the leads

3-18
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from the rear terminal board as shown in the
illustration, leads having been omitted for clarity.

The case of the unit may then be mounted on wall

or bulkhead by means of screws or bolts through

the .three holes in the back. Dimensions for drill-
ing these holes, if bolts are used,
together with overall size for
guidance in locating the units
are given in the attached illus-
tration,

If desired, the units may be
mounted on a table by remov-
ing the top of the case, drilling
holes in the bottom and using
the case as template for locat.
ing screws or bolts,

ORIGINAL
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Holes are provided on both ends
of the units for the entry of the
cable connecting it to the trans-

NAVSHIPS 900,590

SECTION 3

mitter and receiver or other con-
trol unit. Two rubber grommets
are provided to admit 3§ inch ca-
bles so the loudspeaker may be
connected with Type TTHFA cable

to the unit as desired and leads

from a telegraph key of type
MHFA-2 cable can be connected
to the terminal board. '

After the control unit has been
mounted, the cable from the trans-
mitter may be connected to the
terminal board. This cable must
enter by one of the lower holes at

" each end of the unit where pro-
vision is made to clamp it in place.
Before inserting the cable remove
the outer sheathing at the end so the clamp will
make contact with the shielding. Cut the wires in
the cable to the correct lengths for connecting to
the terminal board.

The attached diagram gives the color code in the
MHFA-14 cable to be followed in making the con-
nections, THESE CONNECTIONS SHOULD BE

CHECKED OVER CAREFULLY WHEN COM-

PLETED TO BE SURE THEY AGREE WITH
THE COLOR CODE GIVEN IN THE CONNEC-
TION DIAGRAM.

The cables from the loudspeaker and telegraph
key may be fed in through any of the other holes
in the case and connected as shown in the dia-
gram. Metal snap buttons are provided to blank
off the holes not used.

NOTE: At the unit where the loud-
speaker is not employed a slight modi-
fication must be made to avoid loss of
volume in reception. The resistor R204

indicated by the arrow must be removed
from the circuit by clipping the leads
connecting it to the relay terminal and
ground.

ORIGINAL
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GREEN-BLACK TR. FROM 14/

TO CONTROL BOX

The unit may now be reassembled by replacing
the panel and top plate and fastening them in
place.

STOWAGE HOOKS

Two stowage hooks for the handsets are furnished
with the equipment and one of these hooks should
be installed near each control unit by fastening
with screws to a nearby wall or bulkhead. The il-
lustration shows the manner of mounting. The
handset when not in use is stowed on the hook by
placing the earpiece on the top fork and sliding the
microphone under the lower spring.
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REASSEMBLING THE TRANSMITTER AND RECEIVER

Having completed and carefully checked the wir-
ing between the major units of the equipment, the
transmitter and receiver may be assembled in their
operating position. The support stand with the
attached transmitter case is placed over the ter-
minal block mount on the table or other sapport
and the holes in the bottom used as a template for
marking the holes for bolting the unit in place.

After drilling the mounting holes, the support
stand may be placed over the terminal strip again

)
0000

but not fastened. The flexible leads from the trans-
mitter extending down through an elongated slot
in the top of the support stand are to be connected
to the terminal strip. Like numbered terminals on
the tranemitter and main terminals strips are to
be connected together.

-The receiver case may be inserted into the support
stand, at the same time passing the two 2 conductor
cables, previously attached to the terminal board,
through the rubber grommets provided in the back
of the receiver housing. With the receiver case in
place, it will be found the rubber shock mounts in
the bottom of the receiver case can be lined up
with holes in the support stand and the whole as-
" sembly fastened to the table or other support by
bolts or screws through these holes and the holes
in the table or shelf.

To prepare the receiver for operation it will be
necessary to insert the tubes in their sockets. The
proper position for the various tubes has been
stenciled on the receiver chassis and no trouble
should be encountered in properly placing them.
It may be found that more than one type tube is
specified for a particular socket as in the case of
the second doubler where a 6J5, 6J5-G or a 6)5-
GT-G are all indicated and where any one of the
three types may be used.
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.The tube for the r-f stage, a -956, is to be installed
in the socket mounted on the shield between the
rf stage and the
link tuning and is
inserted as shown in
the illustration.

NOTE: THE .956
TUBE IS PUT IN
PLACE BY GRIP- 'D ¥
PING THE BULB ‘

OF THE TUBEBE- f§

TWEEN THE FIN-

GERS OF THE RIGHT HAND MAKING CER-
TAIN THE SET OF THREE TERMINALS EX-
TEND TOWARD THE PANEL AND SLIPPING
THE TERMINALS CAREFULLY INTO CLIPS
ON THE SOCKET MOUNTED ON THE SHIELD. -
The tiny clip on the flexible wire in the r-f tuning
compartment is slipped over the terminal of the
tube extending into that compartment. A flexible
lead and clip makes connection to terminal on the
top of the bulb and
is slipped over the
end. The cover
should then be re-

placed on the box
shieldingthese

ORIGINAL
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In the TBS-8 model it will be found that tube
clamps have been installed above the sockets of
the unshielded tubes in the receiver. To open the
clamp, the blade of a long slim screwdriver is in-
gserted in the slot in the top of the short hinged
member as shown in the illustration, a twist to the
left of the screwdriver releasing the clamp for the
tube to be inserted. When the prongs of the tube
have been pushed all the way into the socket the
hinged member is swung to the right as indicated
by the arrow and the tube is securely clamped in
the socket and not subject to loosening from vibra-
tion. ,

The chassis can now be slid into its case after at-
taching the two flexible cables that come through
the back of the receiver case to the terminals on
the rear of the receiver as shown in the illustration.

NOTE: Be sure these leads are attached cor-
rectly. The pair from terminals 18 and 19 of
the terminal strip go to the terminals marked
115 V 60 cycle and the leads from terminals
20 and 21 are connected to terminals on the
receiver marked Output.

The chassis can then be slipped into the case and
thumbnuts on panel tightened to hold it securely.

Before inserting tubes in the transmitter chassis
inspect the relays K101, K102, K104 and K105 un-
der the chassis to be sure they work freely. Make
certain the overload relay with the reset knob on
the panel opens and latches when the armature is
pushed towards the coil with the finger. Turn the
chassis right side up and check the action of the
transmit-to-receive relay K103 located behind the
panel near the antenna post by raising with the
finger the member carrying the contact springs.

ORIGINAL
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The tubes should be inserted into the sockets as
marked. In the TBS-8 model there will be found
tube clamps that are operated as described in con-
nection with the receiver.

J0n
J000)

The chassis can then be slid into the housing, it
not being necessary to make any connections since
the plug and jack arrangement in the rear of the
case takes care of all connections to the trans-
mitter. As the transmitter is pushed into place the
metal strip on the hinged lid should contact the
interlock switch mounted on the shielding and ac-
tuate it. The chassis can be fastened in place in the
cabinet by the thumbscrews on the panel front.

The antenna lead between transmitter and receiver
can be reconnected by removing thumbnut and
washer from standoff insulator on receiver panel,
swinging flexible antenna lead with the square
member clamped to its end into place over the
insulator. Fit the lug on the central conductor
over the threaded stud on the insulator and re-
place the washer and tighten thumbnut on stud
tightly. The cover is replaced on the front of the
small box member and the whole clamped into
place on the panel by means of the two long
thumbscrews removed in dismantling the equip-
ment.

EMERGENCY
$109  RESEV (L
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"
2 DIA. 3HOLES EQUALLY SPACED
FOR MOUNTING

INSTALLING

THE LOUDSPEAKER

The loudspeaker is installed near the control unit
with which it is to be used and located at such
a height, and in such a position that the operator
will be in the direct path of the sound beam. The
two types of speakers furnished with the different
models of the TBS series differ somewhat in detail
of installation.

INSTALLING TYPE CRV-49101

Remove the six screws holding the two sections of
the speaker together. Disconnect the two wires on
the terminal block in the rear housing of the.
speaker. The rear section of the speaker can now
be attached to the wall or bulkhead by bolts or
screws in the desired location, with the threaded S s P S
opening in the side wall of the section down. The <&
two-conductor cable from the control box is passed ® Sle e
through the hole provided and connected to the
terminal block. The two wires from the front sec- | )
‘tion of the speaker are reconnected and the sec-
tions fastened together by the screws first removed,
with the nameplate of the front section at the
bottom and the volume control knob to the right.

TYPE CRV-49101
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INSTALLING TYPE CRV-49155,
CMX-49155

The loudspeaker is first dismantled by loosening
the six screws around the rim and rotating the top
section till it can be lifted off, the screw heads pass-
ing through the holes of the keyhole slots. Dis-
connect the two wires from voice coil terminals
of the speaker mechanism in the front section,
noting the wire with the black tracer connects to
the Pos. terminal. Untie the cable stay cord and the
two sections can be parted.

Mount the rear section of the speaker in the desired
position by means of the holes in the back by
screws or bolts as preferred with the threaded
opening in the side of the rear section at the bot-
tom. The cable to the speaker can be brought up
through this hole and connected to the terminal
block adjacent to the hole on the inside of the
speaker base. After reconnecting the two leads to
the speaker mechanism in the front section, the
unit may be assembled in place with the small hole
in the front of the speaker, as indicated with arrow,
at the bottom to permit moisture to drain from the
loudspeaker diaphragm.

SECTION 3

e e e ——————

TORYSFADNER

ORIGINAL RESTRICTED

BOLTS

IN BACK EQUALLY

SPACED

TYPE CRV-49155
TYPE CMX-49155



3 SECTION

NAVSHIPS 900,590 INSTALLATION

INSTALLING THE ANTENNA

DESTROYER TYPE

Navy Type CRV-66015, furnished with
TBS-2, TBS-3, TBS.5,

TBS, TBS-1,
TBS-6, TBS-8.

Navy Type CPD-66015 furnished with

TBS-4, TBS-7.

The antenna supplied is designed for installation
on the top of the forward mast of the ship. It is
shipped partly disassembled and must be put to-
gether before installation. Seven rods are supplied
along with the main antenna structure. The four
rods of equal length (48”) should be fastened in
place to extend horizontally (right angle to pole)

as shown in the illustration, which gives all dimen-
sions of the assembly. These rods form a ground
plane for the radiating section which protrudes
vertically above the pole. The other three rods are
used as radiators (or collectors) for the radio-fre-
quency signal. Only one of these is used at a time
depending on the frequency of transmission or re.
ception, according to the following table:

Length of Rod

{(inches)

Provisions are made in the antenna assembly for
flag halyards, thus eliminating the necessity of the
flag staff on the ship. The flag staff, therefore,
should be removed and the antenna then clamped
to the mast using the same fittings. It is important

Frequency Band 4
MC)

64.5 to 71.5 § sTAnoARD STEEL

s SJ f=-5 =1=5

SHACKLE.

60

1%»- 166-00—] Jo—

P-720364-3

VIEW IN DIRECTION OF ARROW

that this antenna be mounted in the clear, away from all metallic
objects which might protrude above the level of the four ground
rods. The position of the antenna when clamped to the mast
should be such that sufficient clearance for the running light is
obtained. Since it may be necessary later to substitute a differ-
ent radiating section, the base of this section should be so located
that it will be accessible to a man on the mast of the ship. If
necessary to make the antenna fit in a given installation, a por-
tion of the supporting pole may be cut off. As much as 32 inches
may be removed from the bottom of the pole.

line is located on the assembly. The central conductor of

the transmission line fits into the angle piece through
which connection is made to the radiating section of the an-
tenna, as shown in illustration,

‘ A bracket for attaching the end seal of the transmission

RESTRICTED " ORIGINAL
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SUBMARINE TYPE

Navy Type CRV-66016 furnished with
TBS, TBS-1, TBS-2.

An antenna with the same electrical characteristics
as the Destroyer type is furnished for use on sub-
marines. As shown in the accompanying illustra-
tion it differs in mechanical details and dimensions.
It is designed to be mounted on the side of the king
post which is located on the forward part of the
submarine. A cast bronze plate with four 15 inch
mounting holes extends from the side of the an-
tenna structure. This mounting plate is bolted to a
matching plate, not supplied, that must be welded
or bolted to the king post of the sub-
marine. The antenna should be so
mounted that the bottom clears the tor-
pedo boom tackle and that the one-inch pipe form-
ing the ground plane for the radiating section will
lie parallel to the center line of the ship..

An Everdur pipe, eight feet, three inches long, is
slipped through the hole provided and clamped
into position with four thumbscrews so that an
even length of pipe extends fore and aft of the
antenna structure. If broken off or badly bent this
pipe may be replaced with a similar length of one-
inch iron pipe,

ORIGINAL

The radiating and collecting por-
tion of the antenna fits into a
socket provided at the top of the
concentric grounded section of the
antenna housed in the lower part
of the antenna structure. Three
rods of different lengths are also
A supplied with this antenna, only
one being used at a time, depend-
ing on the operating frequency in
accordance with the table below:
At the extreme bottom of the an-
tenna assembly is a removable plug
for draining water from the large
th—1—— pipe. Under ordinary conditions

the pipe will be free of water, but
if a leak develops the trapped
water would affect operation of the
antenna, so should be drained out.

Length of Rod " Frequency Band

(inches) MC
60.0 to 64.5

64.5 to 71.0
71.0 to 80.0

DIMENSION FOR
INSTALLATION OF
JUNCTION BOX AT
TRANSMITTER

RESTRICTED
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INSTALLING THE TRANSMISSION LINE

The transmission line comes in a fixed length with end seals to
retain the gas pressure, so it is well to determine exactly what
holes must be cut in decks or bulkheads to permit its installa-
tion. Bear in mind that no bend having a radius less than
eight inches can be used and that the lower end of the line must

terminate within two feet of the antenna connection on the
transmitter.

When ready to install, the line should be uncoiled carefully to
prevent kinking, As large a radius as possible should be used in
making bends as the line is passed through the openings cut for

it, thus gradually bringing the antenna end of the line up to the
antenna.

The top seal and fitting of the transmission line
should be inserted in the bracket on antenna and
, clamped into place as shown in the illustration.
NOTE: The tubing of the Then workir.lg. down thf: line, bend it carefully to
transmission line is made 18 ﬁnal.p.osmon, working all bends down slowly
of soft copper. Extreme but retaining as large a radius as possible at such
care should be taken to  Pénds as must be made. Strap the line in place,
avoid denting it during in- clamping it only enough for adequate support

stallation and while in use. “ihile permitting it to slide freely through the
clamps.

SHORTENING TRANSMISSION LINE

Should the line prove too long for a particular
installation it can be shortened by removing a sec-
tion at some convenient place along its length. De-
termine the length of the piece to be removed from
the line and proceed as shown in the series of il
lustrations,

l Cut through sheath and central conductor at
two points to remove a length of the line a
foot shorter than the length of span to be
removed. Saw evenly around tube till nearly
cut through and break off by bending tube.

2 Cut back the sheath of the line at both of the
free ends till the insulators on the inside are
not inset more than one half inch from the
end of the sheath. Cut center conductor so it
extends one half inch beyond end of sheath,

3 Remove burrs from end of copper tubing with
penknife, slip large coupling sleeve over
sheath and join the ends of the inner con-
ductor with small coupling sleeve.

4 Solder connecting sleeve at both ends with
soldering iron and rosin core solder.
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5 Clean ends of outer sheath with steel wool or

fine sandpaper and slide outer coupling over
joint and solder in place with hot soldering
iron and rosin core solder. Make sure solder
flows freely in between sheath and sleeve.

With the transmission line in place, the junction
box can be attached. Remove the lid from the
junction box and remove the two screws located
on the end of the box. Insert transmission line end
seal insulator and sleeve into the box and replace
the screws to clamp the box and line together, as
shown in the illustration.

The flexible lead to the transmitter panel should be
fitted into the opening in the side of the junction
box, by slipping the eyelet on the end of the flex-
ible central conductor of the lead over the threaded
stub mounted on the transmission line seal. The
flexible lead from the transmitter can be clamped
rigidly to the box by means of the threaded collar.
The connection in the box is completed by replac-
ing the washer and thumbnut on the terminal on
the transmission line seal. Replace the lid on the
box and the installation is complete.

the threaded fitting on hose.

Open the bleeder valve on the
transmission line seal where it is
attached to the antenna. Admit
gas to the transmission line by
opening micrometer valve slight-
ly, allow gas to flow through the
line slowly for five minutes to
clear the line of air and remove
any moisture present. The mi-
crometer valve should then be
closed. Close bleeder valve tight-
ly at antenna end of line. Open
the micrometer valve slowly to
admit gas to the line meanwhile
watching the gauge on the trans-
mission line. Allow the pressure
to build up to 10 lbs. per square
inch and close the flask valve,

The pressure on the transmission
line should be watched to see if
it begins to drop immediately.
Should this occur, it indicates a

NAVSHIPS 900,590
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FILLING THE TRANSMISSION LINE

A transmission line kit is provided for charging the line, consisting of a flask
of nitrogen under 2000 lbs. pressure and a tank fitting with valve and flexible
hose. Attach fitting to tank as shown in the illustration, open the small
micrometer valve on the fitting, clear the air from the fitting and hose by
opening flask valve slightly and closing again. Close micrometer valve and
open flask valve one half turn. Remove cap from valve stem on end of trans-
mission line fitting and attach the flexible hose from the tank by means of

[ e il
S

CAUTION: Do not put excessive pres-
sure on the transmission line. Pressure
in excess of 20 lbs. per square inch may
damage the gauge or line.

i [ e

leak in the line that must be found and repaired by soldering or other means
before the apparatus can be put into service. When sure the line is tight the
flexible hose may be detached from the valve on the line and the cap replaced

on the valve.

ORIGINAL
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SAFETY WARNING

OPERATION OF THIS EQUIPMENT
INVOLVES THE USE OF HIGH VOLT-
AGES WHICH ARE DANGEROUS TO
LIFE. OPERATING PERSONNEL MUST
AT ALL TIMES OBSERVE ALL SAFETY

REGULATIONS. SEE PAGE 3. DO NOT
CHANGE TUBES OR MAKE ADJUST-
MENTS INSIDE EQUIPMENT WITH
HIGH VOLTAGE SUPPLY ON. DO NOT
DEPEND ON DOOR SWITCHES OR IN-
TERLOCKS FOR PROTECTION BUT
ALWAYS SHUT DOWN MOTOR GEN-
ERATORS OR OTHER POWER EQUIP-
MENT AND OPEN THE MAIN SWITCH
IN SUPPLY LINE TO EQUIPMENT.

. CHECKING THE MOTOR-GENERATORS

After all connections have been completed and
units reassembled the adjustment and tuning of
the equipment can be undertaken. The power sup-
ply unit should be adjusted first to be sure proper
operating voltages are furnished the transmitter.

First check the transmitter to be sure the Emer-
gency Reset button is in, press the overload Reset
to latch up the overload relay and close the lid on
the transmitter case so the interlocking switch will
prevent operation of the equipment. Close the
switch on ship power line to magnetic controller.

Press the Start button on the transmitter panel
which should actuate the magnetic controller and
start the motor generator, as will be indicated by
pilot light on panel. Remove the cover plate from
the motor end of the motor-generator, if of the a-c
type, and check the direction of rotation as indi-
cated by the arrow on the end of the motor frame.
If the direction of rotation is wrong the motor
may be reversed by
shutting off the
power at the main
switch and inter.
changing any two of
the three leads from
the power supply
where they are con-
nected to the fuse
block in the mag-
netic controller. On
starting the machine
again the direction
will be found to be
correct,

RESTRICTED

The next important factor is the speed of the
motor-generator. This is fixed in the a-c machines
which always run at 3450 on 60 cycle current. In
the case of d-c machines, changes in supply voltage
may affect the speed, so a speed regulator is built
into the machine at the motor end. On the motor-
generators furnished with the earlier models of the
TBS this control took the form of a dial on the end
of the motor; in the later models a knob is pro-
vided, being protected from injury by a metal cap
which must be removed to make adjustments,

Two.means may be employed for checking the
motor-generator speed while making adjustment.
A frequency meter may be connected across the
terminals of the lower pair of fuses in the magnetic
controller case, which carry the 220 volt a-c fur-
nished by the special winding in the motor. The
speed of the machine is adjusted by means of the
knob or dial till the meter reading of 60 cycles
is obtained when the motor-generator speed will
be 3600 revolutions per minute.

The second method of checking the speed is to use
a stroboscope, setting it for 3600 and holding the
lamp near the opening in the machine housing
after the inspection plate is removed from the end.
When the machine is running at the correct speed
of 3600 R.P.M. the armature will appear to be
standing still; but if it appears to be turning slowly
in the direction of rotation it is running too fast
and is slowed down to the correct speed by turning
the adjusting knob on the motor housing slowly
to the right. If the armature appears to be turning
against the direction of rotation when viewed un-
der the stroboscope lamp, it is running slow and
can be speeded up slightly till it appears stationary
by turning the knob or dial to the left. This speed
will have to be checked again under full load
condition after the equipment is all operating.

The d-c output of the machine must be checked
in order to provide proper voltage supply to the
tubes. If the plate voltage is too high, the life of
the tubes will be unduly shortened, while a plate
voltage that is too low will result in low output
power and improper modulation of the carrier by
the voice frequencies. This setting should be finally
made while the equipment is operating under full
load with 90% tone modulation but a preliminary
setting should be made at this time with a final
check after adjustments are complete. ‘
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To check ‘the voltage on the motor-generators
which have the terminal box on the side of the
machine, a d-c voltmeter with a 0 to 1000 volt scale
is connected across the HV 4 and HV— terminals

f )

B——O
© increase © O @)

©
& &

BE—H

o

as shown in the illustration while the machine is not
running. Start the motor generator by means of the
push-buttons and if the voltage reading is below
875 volts insert a screwdriver in the slot indicated
by the arrow and turn to the right until correct
voltage is obtained.

The voltage adjustment of the motor-generators
with the terminal box on the top, is slightly differ-
ent, as will be seen in the illustration, The volt-

NAVSHIPS 900,590
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meter is connected across the high voltage termi-
nals with the machine shut down as in the previous
case. Adjustment of voltage is made by shutting
down the machine and Joosening the clamping

screw on the metal band around the resistor as
shown and shifting it to the left and reclamping,
to increase the voltage.

When all adjustments are complete on the motor-
generator the plates on terminal boxes and motor
housing should be replaced. :

NOTE: Shut down the machine while making adjustments by opening the power
supply switch. Do not rely on shutting off the motor-generator with the stop-
button. Someone might press a start-button on the control box by accident or

through curiosity and start the machine.

ADJUSTING THE TRANSMITTER

Having determined the frequency to which the equipment is to
be tuned, insert the proper rod in the radiating section of the

antenna in accordance with the following table.
FREQUENCY RANGE DESTROYER TYPE

60 -64.5 M.C. 44 inches
64.5-71.0 M.C. 3834 inches
71.0-80.0 M.C. 33 inches

The proper rod is inserted in the hexagonal brass
sleeve supported by the ceramic insulator in the
center of the antenna structure and clamped tightly
by the two thumbnuts on the side of the socket.

The proper transmitter crystal for the channel fre-
quency to be used is inserted in the jacks in the
oscillator section of the transmitter by raising the
access door as shown in the illustration. The crys-
tal frequency marking on the crystal holder plate
should be one fourth of the channel frequency and
the crystal holder is inserted in the jacks with the
nameplate to the front of the transmitter.

ORIGINAL

SUBMARINE TYPE
4174 inches
3434 inches
284 inches
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The rubber pro-
tected clip over the
crystal mounting
socket is raised
and swung to the
back shield as
shown and the
crystal holder in-
serted, :
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IO TRANSMITTER O]
TYPE CRV-52093

T
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Either of the openings in the crystal holder socket
may receive the left-hand prong of the crystal
holder. The metal clip is then swung back and rests
on the top of the crystal holder to prevent vibra-
tion from affecting the crystal mounting.

Two spare crystal holders, one for the transmitter
and the other for the receiver, may be stored in the
crystal rack mounted at the rear of the power am-

plifier shield.

After inserting the crystal holder, close the trans-
mitter access door, press the START button on the
transmitter panel and the motor-generator will
start .and supply current to the tube filaments of
the transmitter. This will be indicated by the pilot

light glowing on the transmitter panel. Allow the

tubes to heat for a minute or two.

A Meanwhile throw the Operate-Tune switch to
the Tune T
position and g
move the Meter
switch to the I,
Osc. position as
shown, thus
placing the PL
& Grid Current S G
meter in the plate circuit of the oscillator tube.

When the tubes have warmed sufficiently, which
requires about one minute, press the Test Switch
and beginning at zero rotate the OSCILLATOR
dial very slowly in a clockwise direction until the
plate current reading suddenly drops to a mini-
mum value. This circuit should always be adjusted
by starting at zero and turning the dial clockwise.
At the point of minimum plate current the oscil-
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lator is functioning but a final adjustment will have
to be made when the other circuits are properly

tuned. (

B Move the Meter switch to the second posi-
tion marked I, 1-Doub. and with the Test
switch still in, rotate the dial of the 1st Doubler till

. the meter indi- .

cates MINI-

MUM currentin "
the plate circuit @
of thistube, ™=
The plate cur-

rent dip for this

stage may be e T
small and the dial should be rotated past the point
of resonance once or twice to get the lowest plate
current reading possible.

c The Meter switch is now moved to the I, 2
Doub. position on the dial and again holding
the Test switch in, the tuning control on the 2nd
Doubler is ro- SR R P
tated to obtain :

a MINIMUM @
current in the Y
plate circuit of ™«

this tube as in-
dicated by the ‘
Plate and Grid o —
Current meter. The readings given on the meters in
the illustration showing the switch positions are
close approximations of the readings that should
be obtained with tubes in good condition. Should
they vary appreciably it may be advisable to
change the tube in the stage showing marked
deviation from the abhove readings.
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Rotate the Meter switch to the I, PA position

as shown, and with the Test switch in, rotate
the dial of the - i
Power Ampli-
fier until MIN.
IMUM plate
current is indi-
catedinthis _
stage by the me- o y <
ter. A reading of 75 ma will usually be obtained as
the output circuit of the Power Amplifier.

With the Meter switch still in the I, PA posi-

tion throw the Tune-Operate switch to the
Operate posi- . R T T
tion. The PA  ccrane
plate current as @
indicated by the e
meter should 3
now be between
115 and 120 ma
to assure full power output of the transmitter.

o e e s e s

If the current is not within these limits the loca-
tion of the tap on the PA plate-tank coil must be
changed. To make this adjustment first shut off all
power to the transmitter, open the transmitter ac-

cess door and loosen the thumbscrew which holds
the tap in position on the coil as shown in the illus-
tration. The position of the tap on the coil should
be moved in a clockwise direction if the meter
reading was below 115 ma and in a counter-clock-
wise direction if the plate current reading was

‘above 120 ma. After moving the tap position a

quarter inch as a trial setting, close the transmitter
access door and start the motor generator again.
After allowing the tubes to warm up for a minute
press the Test switch and take another PA plate
current reading. If PA plate current is still not
within the 115 to 120 ma. range repeat the shift-
ing of the plate-tank tap until this condition is
obtained.

ORIGINAL
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The Meter switch is now moved to I PA posi-

tion and with the Tune-Operate switch in the
Operate position allow the transmitter to warm up
well for four or e P
five minutes, gupur |
then carefully
readjust the set- e
tings of the 1lst
and 2nd Doub- s
ler tuning con- B e
trols to the point that provides the MAXIMUM
amount of current in the grid circuit of the Power
Amplifier as indicated by the meter. Then detune
the oscillator setting on the high frequency side of
resonance by rotating the tuning dial clockwise a
few degrees till the meter indicates 35 ma. in the
grid circuit of the Power Amplifier.

Reset the Meter switch to the fourth position (D)
with the pointer on I, PA position and with the
Test switch in, readjust the PA tuning control to
obtain a MINIMUM amount of plate current.
Should the plate current on the PA stage not fall
within the 115 to 120 ma. range it may be necessary
to readjust the tap on the plate-tank coil as pre-
viously explained to obtain this condition. This
completes the tuning of the transmitter and all
four of the tuning controls should be locked in
position by tightening the thumbscrews attached to
the control knobs. Special care should be exercised
that the tuning is not disturbed and the output of
the PA stage should be checked again after the
tuning is completed.

D T N

A tuning record chart is provided near the center
of the front panel of the transmitter. This is in-
tended to record the settings of the dials when the
transmitter has been tuned to a given frequency and
serves as a guide in making future settings of the
tuning controls, but in any case, the final adjust-
ments should be made by checking plate and grid
currents in the various stages as just described. A
chart is shown herewith giving average settings of
the controls as would be recorded on the chart.

AVERAGE CALIBRATION DATA
FOR TRANSMITTER

Fre- Control Setting
quency Oscil- 1 ond Power
(MC) lator Dousl:Ier Do:bler Amplifier !

60.0 8 8 8
65.7 33 40 35
73.5 58 68 63
80.0 72 89 82
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RECEIVER

TYPE CRV- 46068

\
¢F° NOISE 10

)

S

CRYSTAL @

SUPPRE SSOR

TUNING THE RECEIVER

The receiver, being of the fixed tuned type and de-
signed for operation from remote control units, re-
quires tuning to the same frequency as that of the
transmitter. carrier. It remains fixed on that fre-
quency until the adjustments are disturbed or a
change of frequency of the installation is necessary.

The first step in tuning the receiver is to select the
: ﬁroper receiver crystal for the signal frequency to

be received. A receiver crystal, readily identified
by the blue nameplate in the earlier models, should
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be used having the same channel frequency mark-
ing as that used in the transmitter. The crystal
holder is inserted into the jacks in the receiver by
opening the small hinged door to the right of the
receiver panel. The crystal holder is inserted,
nameplate up, and is held tightly in the jacks by
.the small rubber knob on the back of the hinged
door when it is latched shut.

The power switch on the front panel is placed in
the On position and, if all connections are correct,
the pilot light on the panel will glow indicating
the power is on the receiver.

Set the Volume Control at approximately mid-
position, turn the Noise Suppressor knob to the
Off position, and place the AVC control on Pos. 1.

Move the Input Meter switch to position 3

and after the tubes are thoroughly warmed up,
slowly rotate the dial on the Os- 2
cillator until a sudden dip fol- 1y 3
lowed by a sudden rise is noted on )
the Input meter., The tuning con-
trol on the oscillator should be set
three dial divisions to the right of
the setting giving the greatest dip
on the meter. METER SWITCH

B Shift the Input Meter switch to position 2

where it will connect the meter in the cathode
circuit of the 1st Detector tube and
adjust the tuning controls on the
1st and 2nd Doublers until the
meter indicates the maximum ex-
citation on the 1st Detector, It may
be desirable to change the setting
of the tuning control on the 1lst
Detector toward the left or low INPUT
frequency side to obtain the great-  METER SWITCH
est degree of deflection on the input meter for this
adjustment,
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c Move the Input Meter switch to position 1.

Usually no signal will be available for tuning,
so the Antenna, Link and Detector
controls must be tuned to reso-
nance by noting the noise in the
output of the receiver, heard at the
Joudspeaker or headset plugged
into the jack on the panel. The
point of resonance will be indi-
cated by the loudest noise in the
output or maximum reading on
Output meter and the volume control may be read-
justed to obtain a satisfactory output level for mak-
ing these adjustments.

INPUT
METER SWITCH

The Receiver, having been brought to a fair degree
of sensitivity the final adjustments can be made
when a signal of the correct frequency is picked
up. The adjustments of the oscillator will be cor-
rect but the Antenna, Link and Detector tuning
controls may need slight readjustment.

With the Input Meter switch on Position 1 and
the Output Meter button on the panel depressed
the point of resonance in the three circuits will be
indicated by a maximum reading on both Input
and Output meters. The reading of the latter meter
is dependent upon the volume control setting but
an effort should be made to obtain the highest

reading for any given setting of the volume control
knob.

After tuning is completed the volume control
should be set approximately three quarters of max-
imum so local adjustment of sound level can be
made at control units and loudspeaker.

The setting of the Noise Suppressor control will
depend upon operating conditions. Where back-
ground noise is light compared to signal strength
the knob can be turned to the right till the noise
just fades out. However, should background noise
level be as high or higher than the weakest signal
to be received it will be necessary to compromise
and hold the noise below the nuisance level to the
ﬁxtex:it that will permit the weak signals to be
eard.

The setting of the A.V.C. Time Constant control
is made to suit the operator and may be placed on
setting 2 or 3. This gives an average value of delay
in the return of automatic volume control to max-
imum sensitivity after receiving a high level sig-
nal impulse. Where there is rapid fading or “flut-
ter” in the voice reception or fast keying in the
telegraph signals the knob should be turned to
Position 1 to obtain optimum results. When the
received signals fade in and out slowly, Position 4
of the knob gives better results.

A tuning chart is provided on the front panel of
the receiving unit. The setting of each tuning con-
trol for each frequency to which the receiver has
been tuned should be recorded on this chart. Ref-
erence can then be made to this chart when retun-
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ing to a given frequency but final adjustments must
be made as described above.

AVERAGE CALIBRATION DATA
OF RECEIVER

Frequency Control Setting

(MC) Ant. Link Det. 2nd Doubler | 1st Doubler Ose.

60 15 15 15 15 15
80 88 81 80 80 88 80

When all adjustments are complete the hinged
cover should be swung up over the control knobs
and locked into place with the thumbscrew pro-
vided.

CHECKING THE CONTROL UNIT

Make sure the ship power supply to the motor-
generator is on and then switch on the receiver by
means of the switch on the panel.

Proceed to the control unit and connect a handset
into the proper receptacle. Press the Start button
on the control unit panel and the transparency in
the panel should glow, indicating Trans. On.

While listening to the handset rotate the volume
control knob and note rise and fall of background
noise level. After permitting tubes in transmitter
to heat properly, press the button on the handle
of the handset. This will put the carrier on the air
and anything spoken into the microphone of the
handset will be heard in the earpiece of the hand-
set as the receiver is acting as a monitor and a
check on transmission.

At the control unit where the loudspeaker is con.
nected, check to see that the buttons on the handset
and chest set both act to cut the loudspeaker out
of the circuit while speaking into the microphone.

When a telegraph key is used with the equipment,
the carrier delay circuit for MCW transmission
should be checked. To test the circuit, turn the
volume control to a fairly high level and press the
key, holding for a second or two, and then release.
Listen in the earpiece of the handset for a click
when the carrier goes off the air. The time period
bétween raising the key and hearing the carrier-off
sound should be between 0.7 and 1.2 seconds. The
equipment should now be ready to turn ever to
operating personnel.
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OPERATION TEST SEQUENCE

Switch on Receiver by placing
Power toggle switch, at the left of
the panel of the receiver, in the
‘ ON position. Pilot light on panel

will glow and background noise
will be heard in loudspeaker as
tubes warm up.

Press Start button on Transmitter
panel or Control Unit and_ indi- ‘

cator lamps will come on as Motor
Generator starts. Tubes in trans-
mitter will begin to warm up for
operation,

Equipment is now in the Standby
condition. Loudspeaker or ear-
piece of any handset switched on
will reproduce any signals picked
up by the receiver if Noise Sup-
pressor control is not set too high.

To transmit by phone, depress the
Pressto-Talk switch on either
handset or chest set microphone
and speak into the associated mi.
crophone. R-F Line Current meter
will indicate output of Transmitter
and Modulation meter will indicate
percentage of modulation obtained.
Release switch for reception,

To transmit, using MCW, close
telegraph key and hold for a
second or two and then proceed
with transmission. When key is
left up for a second or so, equip-
ment returns automatically to re-
ceiving condition.

When transmission is complete, the
transmitter may be shut off by
pressing Stop button on transmitter
or either control unit. Receiver
continues to function till shut off
by switch on panel.
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GAS FILLED NAVY TYPE CABLES
PRESSURE GAUGE igksus_rhéks'ﬁON UNE Fo TRANSMITTER ROOM CONTROL BOX MiFA-14]
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TO STARTIN X
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GAS FILLED NAVY TYPE CABLES
PRESSURE GAUGE 1;3A:1$?:L5: LON UNE M%rrsg Jo TRANSMITTER ROOM CONTROL BOX MHFA-14
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SAFETY  |E—

OPERATION OF THIS EQUIPMENT INVOLVES THE USE OF HIGH VOLTAGES (875
VOLTS) WHICH ARE DANGEROUS TO LIFE. OPERATING PERSONNEL MUST AT ALL
TIMES OBSERVE ALL SAFETY REGULATIONS. DO NOT CHANGE TUBES OR MAKE
ADJUSTMENTS INSIDE EQUIPMENT WITH HIGH VOLTAGE SUPPLY ON. DO NOT
DEPEND UPON DOOR SWITCHES OR INTERLOCKS FOR PROTECTION BUT ALWAYS
SHUT DOWN MOTOR GENERATOR OR OTHER POWER EQUIPMENT. UNDER CERTAIN
CONDITIONS, DANGEROUS POTENTIALS MAY EXIST IN CIRCUITS WITH POWER
CONTROLS IN THE OFF POSITION DUE TO CHARGES RETAINED BY CAPACITORS,
ETC. TO AVOID CASUALTIES ALWAYS REMOVE POWER DISCHARGE, AND GROUND
CIRCUITS PRIOR TO TOUCHING THEM.

Since the use of high voltages (875 volts) which are dangerous to human life is necessary to the
successful operation of the equipment covered by these instructions, certain reasonable pre-
cautionary measures must be carefully observed by the operating personnel during the adjust-
ment and operation of the equipment.

The major portions of the equipment are within shielding enclosures, provided where neces-
sary with access doors which are generally fitted with safety interlock switches which act to
shut off dangerous voltages within the enclosures when the access doors are open.

It should be borne in mind that interlocks are provided only on normal access doors on cer-
tain major units and therefore side, back or top screens, commutator covers, if removed, will
not cause interlocks to function and will thereby allow access to circuits carrying voltages dan-
gerous to human life.

While every practlcable safety precaution has been incorporated in this equlpment the follow-
ing rules must be strictly observed:

KEEP AWAY FROM LIVE CIRCUITS— Under no circumstances should any person be per-
mitted to reach within or in any manner gain access to the enclosure with interlocked gates or
doors closed or with power supply line switches to the equipment closed; or to approach or
handle any portion of the equipment which is supplied with power, or to connect any ap-
paratus external to the enclosure to circuits within the equipment; or to apply voltages to the
equipment for testing purposes while any non-interlocked portion of the shielding or enclosure
is removed or open. Wherever feasible in testing circuits, check for continuity and resistances
rather than directly checking voltage at various points.

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— 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 reliance be placed upon the interlock switches
for removing voltages from the equipment.

THE ATTENTION OF OFFICERS, AND OPERATING PERSONNEL IS DIRECTED TO
CHAPTER 67 OF BUREAU OF SHIPS MANUAL OR SUPERSEDING INSTRUCTIONS ON
THE SUBJECT OF “RADIO SAFETY PRECAUTIONS TO BE OBSERVED.”

AN APPROVED POSTER ILLUSTRATING THE RULES FOR RE-
SUSCITATION BY THE PRONE PRESSURE METHOD SHALL BE
PROMINENTLY DISPLAYED IN EACH RADIO, RADAR OR
SONAR ENCLOSURE. POSTERS MAY BE OBTAINED UPON
REQUEST TO THE BUREAU OF MEDICINE AND SURGERY.

N .
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OPERATION OF TBS EQUIPMENT

The units that make up the TBS models of radio com-
munication equipment are shown on the opposite
page. The physical appearance and method of opera-
tion of the transmitter, receiver and control units are
identical in all the models in the series. Differences
will be found in the motor generators and magnetic
controllers furnished with the various models. In ad-
dition to Antenna, Transmission Line, Loudspeaker
and spares, each installation comprises the following
OPERATING equipment.

MAJOR OPERATION UNITS

L . -
QUANTITY UNIT NAVY TYPE AND MODEL
One RADIO TRANSMITTER Navy Type CRV.52093 in TBS, TBS-1,

TBS-2, TBS-3, TBS-5, TBS-6.
Navy Type CRV-52093A in TBS-8.
Navy Type CG-52093 in TBS-4, TBS-7,

One RADIO RECEIVER Navy Type CRV-46068 in TBS, TBS-1,
TBS-2, TBS-3.
Navy Type CRV-46068A in TBS-5, TBS-6.
Navy Type CRV-46068B in TBS-8.
Navy Type CG-46068 in TBS-4, TBS-7.

Two CONTROL UNITS Navy Type CRV-23135 in TBS, TBS-1,
TBS-2, TBS-3, TBS-5, TBS-6, TBS-8.
Navy Type CG-23135 in TBS-4, TBS-7.

One MOTOR GENERATOR AND Type and Characteristic for different mod-
MAGNETIC CONTROLLER els given in detail in Se<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>