housing to a position such thet the subaqueous sound
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UNDERWATER SOUND RANGING BQUIPMENT

INTRODUCTION

Previous to 1930 investigation of the employment of subacueous sound
for the locztion and tracking of ships snd submarines was carried om
Jointly by the Coast Artillery and the Signal Corps at Port H, Q. Wright,

New York., 1In July 1930, this activity was tranaferred to the Signal Corps

Laboratories, Fort Monmouth, New Jersey, his transfer involved
] » L

> moving
of some considerable laboratory equipment and certain personnel.

In the developme: rried on at Fort H, G. ¥right and continued at

the Signal Corps Laboratories, sudio sound signals were converted inte

bearings by bringing the signals from two separate groups of receive

phase, such phase equality being determined by the binaural sense, In the

| &

work at Fort H, G, Wright, the receivers were mounted on fixed undervatep

s

and electrical compensstorsz in the shore stetion were used to

structures

produce phase equality by introducing time delays in the chammel of leading
phase, Very satisfactory results were obtained, However, the electrical
equipment required in the shore station was complicated, expensive, and

iifficult to maintain,

The efforts of the Signal Corps Laboratories were dirscted first

the design and construction of an underwater structure m

foite
b
e
o
4]

receivers were housed in 2 horiszon beam which could be rotated about &
vertical exis, Equality of phase in the two receiver channels wes accom-

plished by an electro-mechanical mezns - that is by rotating the receivey

ale arrived in

phase, The binaural sense was employed to indicate the direction of rotation
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required, and the instant phase equality was achieved. The deacat o

& new type of underwater microphone was carried on et the same tine,

[+)

The early work was carried on without military characteristice op
assignment of nomenclature. The underwater structure referred to above was
called the "Rotating Beam®, One model of this is illustrated by the photo=
graph of Inclosure #, Starting from the bottom, this structure consists ofy

8« A trisngular steel base,

bs A wateretight calsson, mounted on the base, containing a direct
current electric motor with a speed reduction gearing, & special poteontiometer
which serves as a sea end of azimuth indication equipment, and & system of
collector rings, In the upper part of the calsson there was a e¢haft, supported
by suitable bearings, the lower end of which was connected to the speed ree
duction unit and the upper end extended through a packing zland, Cable for
supplying direct current power to the motor and another cable for transmission
of the microphone signals and azimuth indicstions entered the caisson through
& water-tight junetion box at the lower end of the calisson,

¢+ A microphone housing mownted on top of the shaft referred to in third
paragraph. This housing was a steel tube 10 inches in diameter and L2 feet
long, This contained 30 Navy type SE-1612 Hydrophones (microphones), These
were later replaced with moving coil microphones developed in the 8ignal
Corps Laboratories,

de A diving bell was fastened by & water~tight joint to the portion of
the shaft protruded above the caisson. This protected the packing gland at
the upper end of the caisson by trapping air as structure was lowered into the
water,

The shore station consisted of two identical eudio frequency amplifiers

carefully matched as to gain and phase delay; and the shore end of the asimuth

SESBEI
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indicating equipment which consisted of a panel containing on the front

{}

side an azimuth clrcle and on the back side a potentiometer identiesal with

that in the roteting beam,

In the complete equipment there were two identical sound channels,

The microphones in one end of the beam (say the right end) were connected
through brushes and collector rings in the caisson to conductors in the
signel cable, which in turn were comnected with one amplifier in the shore
‘station. The output of the amplifier was fed into the right receiver of &
binaural headset, ILikewise, the other sound channel started with the microe
phones in the left end of the bean and terminated in the left receiver of the
binaural headset,

During the years 1931 to 1934, various modificetions of the rotating
beam were made and tested. The shore station was located in a Cosst Cuard
Building at Sea Bright, New Jersey snd the underwater equinment was planted
about 1=1/2 miles out to sea, The last equipment installed at this location
was completed 12 January 1934. Thie equipment wes submitted to engineering
test by persomnel of the Signal Corps Laboratories and wes also service tested
by representatives of the Coast Artillery Board. The engineering and serviece

¥

tests occupied the entire calendar year of 1934.

The resulis of the engineering tests are given in S0L Engineering
Report Neo. 432, dated 12 January 1935, The important results may be summarized
a2 followst

& The range of the equipment in tracking the ships of from 3,000 to

8,000 tons, travelling at & speed of 10 to 17 knots, was between 20,000 to

55,000 yards in winter and 10,000 yards in summer., Trans-atlantic liners were
tracked to 60,000 yards and sometimes more than 100,000 yards, In summer,

the maximum range of this class of boat wae approximately 15,000 yards,
SEQBET
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be When account is taken of corrections which may be applied to the
indicated azimuth, the probable error of suzimuth is .206°,

In the service test report, No, 993, dated 3 January 193§, by the
Coast Artillery Board, it was recommended that the development of tpﬂ rotsting
beam installation be continued for the purpose of increasing the accﬁracy in
direction and that the Chiel Signal Officer be requested to conduct prelim-
inary surveys of water areas pertaining to designstec Harbor Defenses to
deteruine in each case 1f conditions are suitable for installation of undere

water sound equipment,

EVELOPMENT OF LOCATOR SET CRe$§

In comnection with the Project Program for FY 1937, the Signal Corp
Laborastories received a directive from Chief Signal Officer to start the
development of Subaqueous Sound Ranging Equipment for instsllation in the
Harbor Defenses of Puget Sound., This equipment was assigned the following
nomenclature "Hydracoustic Tracking Set GR-5.," It consisted of two each
Hydrophones #-159 (cireumferentor), one Hydrophone Control Equipment IE-§
{two-position), and Cable WO=533, Later this terminology we changed to read
as followst Locator Set GR=§ consisting of two Direction Finders ¥-159, one
Control Equipment IE-§, and Cable WC=533 (sutmarine),

The selection of Puget Sound as & location for testing a complete Locator
Set CR=5 was governed by the following considerationsg

f. Swift tidal currents and a large tidal ranpe rendered standard
submarine mining impossible,

b. Tests carried out by the WHavy in the lats summer of 1996 indicated
that submarine detection equipment carried by patrel vessels at that tipe was
not capable of detecting submasrines attempting to enter Admiralty Inlet during

flood tide.

i
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¢, Hence, it seemed desirable to test Locator Set (R-5 as a means of

submarine detection,

here was some doubt as to whether the Signal Corps eoguipment would be
capable of detecting submarines running submerged at low speeds at the
required ranges., Hence, it was decided to add to the equipment already
developed.for binaural listening, a pulse echo-ranging syster operating at
3,000 c.pas.

The first direction finder which contained the additional echo-ranging
equipment was completed and installed in Puget Sound in June 1938, The
location selected for this installation was found to be unsultable and the
following spring the direction finder was moved to & new location. During

the summer of 1939, another direction finder, less the echo=ranging equipment,

-

and with a 50 ft. beam was completed and installed in Puget Sound, During
this summer, extensive engineering tests were conducted by personnel of the
Signal Corps Laborztories and representatives of the Coast Artillerv, For
these tests, two submarines were furnished by the Navy snd were availsble for
& period of two months, The results of this test may be summarized as followst

&y The FchoeRanging Fquipment of Direction Finder M-159 was not adecuate
for detection of submarines rumning submerged at low speed,

be The Direction Finder M-159 using binaursl listening was successful
in detecting submarines running submerged at low speed,

The report of service test recommended that echo-ranging devices separste
from binaural listening ecquipment be developed for the detection of submarines,
The first direction finder was modified to conform to the seecond direction
finder designed for binaural listening omly, and lster was planted at & new

location,
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Standardization of Locator Set CRe$ was recommended by SOTC Meeting
184, 7 December 1940, and approved by the Adjutant General on 21 March
1941, The completed installation of Locator Set GR-§ in Harbor Defenses of
Puget Sound was fransferred to Cormanding Officer, Harbor Defenses of Pugat
Sound in April 1541,

In February 1940, Signal Corpe Laboratories were directed by Chief
Signal Officer to procure a Locator Set OR«5 for Harbor Defenses of San
Francisco, The delivery of this equipment was made during the sumer of
1941 and installation was completed at the end of November 1941, After
7 December 1941, this locator set was manned and operated on a Zh-hour hasgls.

SUPERSORIC ECHO-RANGING EQUIPUEN

A project for the development of shore gontrelled supersonic schow
ranging equipment was authorized by the Chief Signal Officer in the Project
Program for FY 1941, After preliminary investigations were made by the Simal
Corps Laborstories, a contract was ¢onsummated with the Submarine 8iemel
Company, Boston, Massachusetts, for the construction of supersonic echoeranging
equipment, The equipment called for in the contract consisted of 2 sea unit,
shore contrel equipment and cable for connecting the sea unit to the shore
control equipment. The transceiver of the sea wnit %&s essentially the same
as the magnetostriction transceiver used by the Navy in ship-board installetions.

This was mounted upon a suitable steel tripod so the entire structure could be

s

planted on sea bottom, This equipment was completed in the spring of 1942
and installation was completed in May of the same year, Due to the transfer
of all underwater sound rangirg projects to the Navy, no comprehensive range

test for this equipment was made,

e d .



TRANSFER OF UNDERWATER SOURD RANGING A ACTIVITIES
)

T“L NAVY

In report of action of Joint Army end Navy Board, file JB-303, serial
Thl, dated 3 Pebruary 1942, subjects "Responsibility for Pixed Underwatvr
Listening Posts «- Proposed Changes in Joint Action of the Army and MNa vv,
it was recommended that "the Army will not provide and operate or maintain
we—-—- 8 system of underwater listening posts.” A copy of this report was
forwarded to the Signal Corps Laboratories as inclosure to letter from the
Chief Signal Officer, dated 3 March 1942, subjectt "Responsibility for Fixed
Underwater Listening Posts®, TIn this letter, it is steted that the final
plans for the transfer of the subaqueous project to the Navy will be arranged
at a2 later date.

A conference was held at Signal Corps Laboratories 16 and 17 June 1942
to consider the procedurs for transferring subagueous sound ranging projects
and equipments from the Signal Corps to the Nevy. This conference was attended
by representatives of the Navy Department, Office of the Chief Signal Officer,
and Signal Corps QGeneral Development Laboratories, The recommendations of this
conference were forwarded to the Chief Signal Officer by letter dated 18 June
1942, subjects “Transfer of Subaqueous Sound Renging Projects and Eguipnent
Pertaining thereto,” In connection with the transfer, it was recommended at
the request of the Navy, that the classificstion of all eauinment and documents
pertaining thereto be changed from "Secret" to ¥Confidential™, The recommends
ation of this conference, including the matter of classification, was approved
by 1st Indorsement, dated 25 June 1942, from the Chief Signal Officer to

Director, Signel Corps General Development Laborstories,
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EHGINEERING REPORTS ON UNDERWATER
SOUND RANGING EGUIPMENT,

SCL Engineering Repori No. 30, dated 20 Februery 1932, subjects
*Preliminary Study of & Proposed Sudbagueous Sound Runging
Installation, Harbor Defense of Manllla and Sublc Bsys",
br Lt. Bixby and Dr, H., A. Zahl,

SCL Engineering Report No. 62, dated 13 May 1932, subjects
"Porformance of Rotating Beam KB-1*, by Dr. H. A. Zahl,
(project 85-C).

8CL Engineering Report No, 116, dated 1l July 1932, asubjectt
"Preliminaery Study of the Factors in the Propegation of
Underwater Sounde which effect Azimuth and Range in Sub-
aquecus Sound Renging®, by M. J. E. Gelay, (project 85b),

SCL Engineering Report No. 135, dated 26 August 1932, subjects
'ﬁu?quaa\u Rotating Beam RB-1%, by Dr. H. A, Zahl, (project
85«C)

SCL Engineering Report Ho. 165, dated 17 October 1932, subjects
"Supplemsntary Report on Subagueous Rotating Beam Station
RB-ZL'., by Dr. He As glh}.' (projeot 85-'0).

SCL Engineecring Report No. 432, dated 12 Janusry 1935, subjects
"Engineering Tests of Bea Bright Hydracoustic Circunferentor®,
by Dr, He A, Zahl snd M, J. B, Colsy, (project 85-C).

SCL Engineering Report No. 568, dated 13 Merch 1937, subjects
"Hydracoustic Listening Tests on Submsrine 5-20%, by M. J. E.
Golay, (project 85).

Field Engineering Report No, 1, 8 May 1939, "Test and Overhaul of
Hydrophone M-~159-T3," by Master Sergeant Fred Timmerman.

Fleld Engineering Report Nos« 2, 14 October 1940, "Modification and
Overhsul of Direction Finder M-159, Serial No. 2," by Captain

8pecial Report on Locator Bet GR-5, 22 September 1941, by Captain
Fred Timmermsn, Signal Corps.

Memorandum for File, S&L-524, dated 4 August 1942, subjects "Instal-
lation Report - Locator Set GE-9," by G. W. James.

SCGDL Engimeering Report Ho. C-2, dated 22 August 1942, subjects
"Ocean Temperatures Off New York Harbor, Nerragansett Bay and
Boston during March to June 1942 end their Relation to Under-
water Sound Ranging,® by Dr. Raymond B. Montgomery.
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Lo In Jenuery 1940, the Chief Signal Officer, at the request of the
Chiel of Staif, set up & project for the development of & mschine gun
lgcator, woich wes sssigned t0 Wie Signal Corpe Leboratories, Fort m&.
by letber file OCBigUu~lll-FI-1941, dated September 24, 1%0, from the ahiat
Signal Officer, subject: MRevised Expenditure Program Fi-1941," to fheﬁ&
Leboretories.

Zs 'The following militury chersmcteristics were set up st Lhe BCTHEI-\‘
Hoeting No. 182 on 1 Ooctober 1940, at which meeting the pm{mt was e&niﬁiﬁ«d
a8 "Becreta®

@ Generals 4 pnrtablu, ihyle but acourate device for detwrmining
the loestion of & machine @i enplocenen b

be Light welght, rugged, portable,

e Accuracy of 1 at distences up to 1 mile.

de Apparoetus may be mechanical, electrical, or mocustical; mechanical
or acoustical preferred,

e. Usable by persomnel with no special training,

3« HNomenclature acaigoment “Sound Locuting Set GR-6" was made by letter,
file 0CS140-410.44(GR=6), from Chief Bigual Officer, dated 5 December 1940,
subjects "Sound Locuting Set GR~G%, to Director, Signal Corps Luborstoriess

Bs $
1. The period from September 1940 to July 1942 wes characterised by a
comprehensive investigation of the suitability of simple binsural mothods
for wuis applicsation, and an mm and test of equipment submiited by
outside agencies.
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