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LBSTR.CT

This report descrihes the develepment of a boat type,
anchored Scnec Radio Buoy for use in harbor cefense in the de-
tection of underwater sound.” The problem was essentially a
recesirn of the JM equipment, now in Service, on the lasis of
operation information obtained from this services, Tasts of
the completed cquipment vorified the oricinal proposition that
a single unit buoy of boat cesizn simplificd servicing and per-
mitted operation in sea statos that would cause failures in gy
equiyment. Lovering th: carrier output with conscquent reduction
of bettery dimensions, to agproximatcly one-half, was found to
tive satisfactory field strenzth. The inclusion of audio AVC
has improvecd the cuality anc sensitivity of listening in the Jud-
ment of qualified personnel. The potential danver of the confined
hy’ro en generated by chemical scticn in the dry batterics was con-
sifered and a means of preventing uncontrolled reaction is pre-
sentide  The sround plane type antenmna, now used en the JM equip-
ment, was duleted to effect further mointenance reduction, and
the simple sleeve type antenna is censicered to have an improved
radiation pattern. Low ¢rain minature tubes are used and a single
dial controlled oscillator=loubler cireuit with little frequency
shift ‘ue tc ambient chan_:s and antenna reactance shifts has been
uscie Extensive tests vere mace at Fortland, Maine, for comparison
With installed J¥=3 units anc an operaticnal life of approximately
30 cays has been repoerted from subsequent tests at that activity
in addition tc comment as tb the ability of the equipment to opor-
ate in extremcly abnormal sca states,
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INTRODUCTION

i Under authority of reference (1) development of an improved
type Sono Radio Buoy was begun June 1943,

Enl Sono Radio Buoys are essentially anchored flotation gear,
comprising a low powered radio transmitter modulated by underwater
sound as received by a hydrophone suspended some depth below the water
surface. The buoys are generally Spaced across any waterway as a means
of detecting the passage of any surface or under surface craft.

3 The assigned frequency spectrum for this equipment is 70

to 90 Mc and, due to the line-of-sight characteristics of this spectrum,
the receiving equipment is normally within a ten mile radius of any
buoy. The transmission is frequency modulated to obtain the increased
signal-to-noise ratio inhercnt in FM and for the economy of battery
life and size obtained by the Saving in modulator power required in
amplitude modulation.

b The original devolopment of Sono Radio Buoys was begun at
the Naval Rescarch Laboratory in 1940 and resulted in the type JM equip=-
ment. After tests and some ficld cxperience, a redesign was begun in
May 1941 and, upon completion of extensive tests in September, 1y41,
production was authorized on this cquipment. This was the JM=1 Sono
Radio Buoy, a two unit arrangzment, one unit including the transmitter
and suspended hydrophone and connected by tie and battery cable to the
second unit, a large toroidal-shaped float which is anchored and con-
tains the battery power supply. Though this equipment has been <in
extensive service at numerous activities, field reports have indicated
that a new design was possible to reduce various recurring failures.

Se The majof factors used as a basis for redesign are, briefly:

(a) A single unit equipment is preferred as it immediate~-
1y reduces the service load.

(b) Some trouble had been reported from the fact that in
slack tides, the tic and battery cables beecame fouled
as the units came togcther and frequent replacement
of these cables was necessary.

(c) Because of inefficient hydrodynamic form, the trans-
mitter buoy had poor stability in high currents and,
in excessive tides, had been reported to entirely sube~
merge.,

(d) The antenna ground plane has beén found to be a scricus
service problem due tu breaking and lobsening, with re-
sultant noise on the carrier and accumulaticn of ice on
the ground planec has frequently caused the transmitter

BRIy DECLASSIFIED



buoy to lay down on the water surface, completely
shutting off thc carrier.

(¢) For the required radio range, the power output of
the Ji units - approximately b watts - is excessive
and uneconomical.,

(f) The present optimum spacing between carriers has been
found to 1limit excessively the number of buoys in one
installaticn. This spacing is determined by the maxi-
mum frequency deviations which occurs from loud under-
water sounds and carrier frequency shift due to varying
ambient conditions. Frequency deviation due to modula-
tion is relativelyunliiite:in the JM units.

(¢) The presence of hydrogen, a product of battery chemical
action, has been found to be a personnel hazard in the
JM unitse Though a rclief valve is provided to release
this gas above a certain pressure, the prescnce of any
concentration constitutes a dangerous condition due to
the possibility of sparking as circuits are disturbed,

(h) Several other desipn factors to be included ares
single dial tuning of the r-f oscillator - doubler
and standard RMA pre-cmphesis for improvement of
signal-to-noise ratio.

BOAT DESIGN

Ge Design of the boat was initiated with several basic pro-
positions in minds namely, it was to be a single unit with less
horizontal resistance and capable of sustaining heavier anchor load-
ing than the JM type and for usc in the higher currents sometimes en-
countered at sonc buoy locations.

s In reference (2), Lte. E. B. Roberts of United States Coast
and Geodetic Survey describes the devclopment of a buoy to accomplish
the results required in the present problem. Tn the reference report
Lt. Roberts mentions repeated failures of the drum type buoy, similar
to the JM units, under circumstances pointing to their inability to
withstand currents of abnormal magnitude., Observations are reported
in vhich such buoys wobbled badly, took water over their tops and sub-
merged in currents of five kncts. It is also reported that under ex-
treme conditions, drum type buoys have been known to collapse upon
sinking.

8e Reduction of horizontal resistance is the main factor to con-
sider as this force can be translated into anchor line loading and there-
fore, into downward component to the degree depending on the resistance
and dip angle of the anchor line at the bouy. Some improvement can be
achieved by lengthening the scope, or ratio of anchor line to depth, but

QMR -
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such a gain is slight with any practicable scope. It, therefore,
appears that the horizontal resistance must be reduced,

o The drum, heretofore used, is in the opinion of Lt. Roberts,
"nearly as inefficient an object, hydrostatically, as can be imaginedn,
This, he further states, can be attriduted to its square ends with
chines and cylindrical teiling - surface which causes great turbulence
and censequent resistance.,

10. The discussiors in reference (2) thereafter cover the courses
and results of the investigation of varicus shapes of buocys, boat-
shaped or similar to seca-sleds, hydrcplanes or pentoons. The final
form evolved, though not the most perfect, was most acceptable when con~-
sidering manufacturing simplicity in conjunction with quality of per-
feormances.

11, From basic sketches supplied this laboratory, a two-foot
scaled model of the Roberts buoy was designed, constructed and given
preliminary tests to establish maximum permissable loading., These
tests indicated that an inecrease in displacement was required. As the
problem specifications permitted a maximum length of 10 feet, an exact
proportional increase of the Roberts design, to gain required displace-
ment, would necessitate an overall length of 12 feet which was prohibi-
tives For this reason it was decided to maintain all other proportions
with the exccption of height which was increaseds This did not affect
the general contours which are the inherent value of the so called
Roberts buoys,

124 A second two-foot scaled model was therefore constructed on
this busis and a problem established under refercnce (6) at the David
Taylor iocel Rasin for complete and comprchensive studies of the two
nodels. The true scaled Roberts tucy was designated Model A" and the
revised unit was Model upn,

13 The principal results of the model tests are reported under
reference (3) which states that both buoys posscssvery stable towing

and mooring characteristics under load, It was further determined that
the directional stability as well as rolling characteristics are general-
1y satisfactory. As was assumed, Nocdel nom is stated as being capable

of carrying greater loads than Model "AM and is recommended for field
installation.

1. Further information is included in reference (3) on mooring
line lengths where this length is twice the depth of water at the anchore=
age. Data includes various depths, lengths or anchor line, proportion

of chain and cable recommended, diameters of chain and cable and maximum
permissable current-for each condition. This information is included

as Plate 8 and taken from enclosurcs in reference (3)s Table IIT of
Plate 8 is pértinent to the subject buoy, Table II, covering conditions
for bucy "A", the exact Roberis design. This informetion, summarized

_3-—

% DECLASSIFIED



for buoy "BY for ready reference that may be issued to various acti-
vitics concerned with sono buoys, is included as Plate 9 and, toc,
is a cupy of an enclosure to reference (3).

15, Plate 10 shews, in graphic form, the towline tensions
developed and hersepower required for towing the buoys over a large
range of speeds. Satisfactcry agreement was found between these
nmodel curves and data taken during ficld test of the completed buoy.
Using a 4O HP buoy tender boat the following speeds were averaged
in twe directions over a one mile ccurse:

Athout tow T«7 knots
With XCX in tow 5.85 knots,

The power required to tow the XCX under these conditions is therefore
approximately 9 HP. 4ssuming that speed vs horsepower over this small
rangc 1s approximately linear; inspection of the horsepower curve "Puoy
B" of Plate 10 will indicate closc agreement.

16. From the very complett analysis supplied in reference (3)s

a simplification has been made of numercus curves tc show the safe
anchoring currents for various depths of water using - scope of 2.
These curves, shown on Plate 11, arc predicated on one-half the total
anchor line being 3/8 inches dismeter plow steel cable and *he pe-
mainder 11/32 inch chain. The varicus curves shew the downviard load
imposed on bucy "B" by a mooring line of the size indicated for various
depths and speeds. The interscction of the curves of Plate 11 with the
"maximum allowable buoy loadV curve represents the loeding limit for
the buoy and Plate 12 is included as a plot of these interscctions. The
a:solute limit at 9.9 knots, shown on Plate 12, is based cn the break—-
ing strength of the cable and tension developed if the buoy should
inadvertently become completely submerged.

A7 From data made available in refercnce (3% it was confirmed
that a boat designed similar to model "B" would sa isfactorily £fill the
requirements as set forth in the original problem; namely, a unit that
would have satisfactory cperational characteristics in currents in ex—
cess of L knots and anchoring depths up to 200 fathoms.

a8l Drawings were prepared by the Design and Drafting Section of
the Laboratory with valuable assistence contributed by the Small Boats
Division of the Bureau of Ships who offered professional opinions on

the design. The final full size test model, as constructed in the

Naval Resc¢arch Laboratory shops to drawings RASLF2164, is shovn on Plates
1 through 7, and Has the following peneral parameterss

Tengthasa: sess vgsnncavrascaed® foet
BB, & ok oo o5 b res b bl wmrvo B DERE
HOLthc v s s dwsvings onas sovennl Loat
Helghtesiogeecreiivianss. 1500 pounds
Displace g s sannnsseliB00 pounds
Volume., « « PPl v s s sede 13 cu. foet




19. The outer skin of the boat is 1/8 inch C.R. steel
formed to the required contours and welded ic the frame menbers
which arc made of 2" x 21 x 1/8" angle iron. All transversc frame
members are secured to a keel,

20. The hull is divided by two bulkheads into three watertight
coupertments. The middle section houses the battery and radio equip-
ment which are remcveble through a 30 inch round hatch opening into
the center compartment. The hatch cover is sealed against water by
a semi-confined rubber gasket and seccurcd tc the ceaming by 8 swivel
hold-down boltse The coaming is required to secure additional height
for hcusing the battery and transmitter due to the decrcased availe
able height near the stern. The forward compartments is reached by
remcval of two inspection plates; a feature that was planned only for
the cxporimental model for making preliminary stability tests with
sanc ballaste. Beth forward and storn compartments have a removable
screw plug on the deck surface for inscrting a hose to remove accumu-
lated bilge.

21. In opcration the boat is anchored from a V-shaped bricle,
approximately six feet in length made of channel iron and hinged for
longitudinal mevement. Plate 7 best shows this bridle folded upward
tovard the prow as it would be during towing or shipment. Four becksts
as shown on Plate 2 are welded sround the deck cige and used for hoist-
ing and to'tie the wunit to the tender tost curing servicing. A4S shown
on Plate 7, 2 towing eye is welded to the prow, passing through the
main frame for stremgth. 4 similar cye, but smaller, is welded to the
ramirmma1m,mmﬁﬂaarmmmibrtmﬁwammh@. 4s shown on Plate 1,
two whoels are provided at the hinge point of the bridle assembly for
shoré-side handling of the boat. These wheels and the connecting axle
are .esily remcveble previcus to launching, os is a single swivel viheel,
not chown in the photugraphs, locuted at the rear of the kesl,

2es Referring to Plate 6, there will be seen a forked stanchion
located forward of the main hatch and used to receive the antenna when
the hatch assembly is tilted forward for servicings A kelcotter, se-
cured by a light chain to the stanchion, can be used tc secure the
antenna against leaving its pcsition in the fork. A trough is pro-
vided just forward up the main hateh to secure the hatch cover against
rolling when it is in the servicing position.

23. Previcus to field tests it was recommended that additional
towing eyes be welded te the prow in order to determine the most favor=-
able tow pointe Two additional loups, not shown in the photoegraphs,
were added below the original onee Towing tests made in average and
rough seas demonstrated that the middle towing loop caused a reduction
in drag over the upper loop and still had improved stability and free—
“om from yaw experienced when towing from the lowest loops The center
of this midcle loop is approximately 12 1/2" from the deck and is weld-
ed directly into center i tuclinal anglc,

~5-
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2. Details of the main hatch 2ssembly arc shewn on Plates

5 and 6. The hatch cuover is a stondars 30 inch flangzed dume o ifins
by additional hecld-down lugs. abpearing on the top of this hatch

(sce Plate 6) is the trensmittér control grouping which ccomprises

the main turning knob and dial, a vernicr tuning kncb, dial lock,

an’’ rotary power switchj the antenna mast reinforced by an angle

iron tripod; and the hydrophone input connector, a watertight asscmbly
inclucding a hinged cover te close off this opening when not in use,

The hood, shown at the apex of the ontenna tripod members, is a cuver
for the battury exhaust valve on the end of the hydrogen bleedsr tube.
This copper tube passes down one of the tripod angles and through the
hateh cover at which peint it is conneeted internally by means of o,
rubber tube to the battery hydrogen bleeder tube. Two guide pins are
located approximately 150 degrees apart around the coaming for zccurate
poesitioning of the dome cover on assembly. A cover over the transmitter
control grouping is shown on Plate L. 4s designed, this does not con-
stitute a watertight enclosure but is merely for mechanical protection.
Later considerations indicate that such a watertight hcusing would be

a desirable added protection. During field tests it was determined
that the main tuning knob was of litile value; the vernier tuning
giving satisfactory centrol. The tuning dial is calibrated 270 cegrees
for the 80 to 85 Mc range. The vernier tuning acting on the periphery
of the main dial gives a 231 ratic which is cempletely satisfactory
for accuratc frequency adjustment.

254 Plate 5 is an interior viuw of the main hateh with the cover
in servicing position. The radic transmitter is meunted on two brackets
welced to the underside of the cover. Shock mounting by means of I

Lord type mounis is provided for the transmitter chassis and a latch-
ing arrangement allows for casy removal of the chassis frem the hangers.
48 the transmitter tuning shaft is extencer up through the hatch cover
it was necessary to provide a flexible link sameplace in the system to
maintain the integrity of the shock mounts for the chassis. Toward this
end, a flexible metal bellows was usel to link two poerticns of the shaft
to permit incdependent movement of the chassis from the upper shaft,

This bellows also permits easy removal of the chassis with the added
acvontage of introducing a minimum of backlash into the systeme. The
battery, as seen in position on Plate 5, f£its into the well with a
minimum of tolerance and is held snugly against movement by two channel
ircns bolte” at each cormer. Rounded guides are placed around the well
to assist in locating the battery squarely upen leacdings A wrench is
secured to one of the channels for removing the battery bolts.

26. Other cdetails of the deck structure include four chocks for
securing the bridle line arcund the cdeck when under tow and a hinged
clamp mounted at the stern tc secure the hydrophone cable as it passes
over the rear trensome Also mounted on this transom is a heavy eye
for towing boats in tandem. 4 desim chanze would locate this eye
parallel to the ceck and begenlarged so that the hydrophone and cable
eould pass through it to t the cable and simplify hydrophone re-
&

&
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mevals Tt will be noted that pipe scctions are added to the rear
transom and forward deck edges to proteet these edges against in-
Jury in collison. Improved desizn would include these pipes as
scuffing surfaces along the twe side duck odeos. Ln a’diticn, not
shuwm, was made in the form of twe reinforein  members frum the lowest
puint on the stern end of the keel upwarc to the knuckle linc on the
rear trensome It was noted that severe strain was applied to the keel
cxtensior Juring shore handling and these reinforcements wore added as
a r.sult, '

27 - 411 externsl ull surfaccs were given two ¢rats of zine
chremate primer. The sil.s below the water line were then ziven oné
coat of enti~fouling plastic paint, Javy formuls 15HP. The top Jeck,
altor application of priwer coats, was #Fiven one cecat of phenolic
varnish, formula 80, immediately followed by sprinkled sand and two
coats of deck paint. This gave a roughened surface which was satis—
factorily enti-skid for servicing in wet weather. 411 freebosrd supr-
faces vicre given two coats of hagze grey lead paint. Brass and bronze
fittings were lishtly sand blasted anl all galvanized fittings given

a phusporic acid cleaning previous to painting. Inside hull surfzces
were .iven a zine chremate primer, followed by a surfacing of cxpanded
Vermiculite over a varnish binder. Vermiculite is a flaked micaceous
substance having scund abscrbing properties to reduce ncises caused by
wave action on the hull. js a finel finish, a fire resistant varnish
was applied aver the Vermiculite,

THNSMI TTER
28, The following are some general characteristics of the trans-—
mnitters

Type of MoCulabioNeessees sosnsne
Carrier PYOQUency scecesisssssos
SeE L N PSR ] e
Maxlwmunm Deviobion secsvessnyenes
Input for 75kc Deviation eses+.
Tube C.mplement
Pas € v (N SRR S e e
B2 e S AR I L S
e A s W e b TR e
FR oy M O S P A S W
2 s ST RS SO SN VAR i, £
Fower Suppliecescscanssosnsoncis
Nominal Plate Voltaze.e..
Neminal Heater Viltaze...
Battery Life at 25 dc.rce

«Frequenecy
.80 to 85 Mc
.1l.5 watts
.75 ke

«10 microvolts

»

Judio pmplifier
«Reactance Yofulator
«0scillatur —= Doublor
«putomatic Gain Limiter
.Bzllast Tube

«Dry Batteries

270 V. 2

efeb Ve

Lesses oSOO h(,'uI‘S

.
-
=
.
.
.
I TR T . . .

=

29, Thé transmitter for this cquipment is a conventional type re-
actrnee tube, frequency mocdulated unit, comprising two resistence coupled
aucdio amplifier stagcveactzmce nedulator, automatic audic zain limiter
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and a high frequency osecillator-doubler feeding a skirt type half-wave
dipole antenna, both elements of which are adjustable over the required
freqaeney range. 5 :

30. In reference to the circuit diagram, Plate 13 shows the
hycrophone output transformer-cojipled to the first audio amplifier.
The rectified veltage supplicd by V-10k is applied through the sec~
oncary of transformer T-101 to the gric of V-101, cffectively main-
teining the ;ain of this staze constant. To improve this control,
the scrcen potential of ¥-101 is token from a voltage divider, rather
than the rmors general series rosistor, to provide better stability
under verying LVC voltazz.

3, 4 preemphasis notwork is insurted between the first and
following amplifier stage %o provide a rising characteristic of ap-
proximately 2 db per octave above 600 cps. The second amplifier sta-e
uscs a 9001 tube, the cathode of this stase being returne’ to eround
throush a resistance network R-108-109. The v.1ltaze drop across’ the
latter rusistor provides a celay voltage to the cathode of V=10, the
a=v-¢ rcctifier. This Jelay volteose is so chesen that the gain of the
amplificr is a maximum until it rocches a value equivalentto a 60 ke
carrier teviation, at which peint the s-v-c tube ccniucts and maintains
the rain relatively constant for inercased audio input.

32+ The output of the sceond amplifier drives the 64KS reactance
meculater but due to the shunting copacities in the grid circuit of
V=103, a seccund pre-emphasis network is insertec giving an overall re-
spense rise of 2.5 db per octave from 600 cps to 12 Ke.

33, The OiXS reactance tube circuit is conventional except that
the r=f input to the phase shifting network in the grid circuit is taken
from a low impecance point on the oscillator grid cciles This provides

a better impedance match between these two circuits so that leading of
the oscillator by the react:nce tube is kept at a low valuc. The cath-
oCe bias resister, R-11l, is shunted by a 500 micromicrofarad capacitor
to by~pass the r-f frequencies but offcrs a high impedance to audio
frequencics rosultine in a measurc of negative feclhack which recucés
distortion at hizh signal lewels. Ludic viltare for the a=v-c tube,
V-10L, is supplicd by the drop acrcss R-116 in the plate circuit of the
reactance tube V-103. The a-v-¢ tube is a 6Ch triode used ag a cioce

to provide a negetive voltase, verying as the amplifior gain, to the
gric of v-10l in order to maintain its gain constant above o given value
determined by the delay voltage creviguely discussed,

3L. The r~f portion of the tronsmitter uscs a &ch tricde in an
oscillator-doubler circuit. 4 conventional zroun'ed plate Hartley
circuit gencrates frequencies over the ranve of LO to 42.5 Me. The
plate is effectively by-passc:d to ground for these frequencies by the
80 to 85 Mt tuned circuit which prosents a low impecance tc the lower
fundamental frequencies at which the tube oscillates. By tapping the

i Se——
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cathode onto the oscillator coil close to the ground end of I-101, to
incréase the feedback, and by using a hich value of grid leak resist-
ance, the lower frequency oscillations are made to have a high har-
monic content. The second harmonic in the plate current then appears
across the 80 to 85 Mc tank which is tuned simultaneously with the
gric tank by ganged variable capacitors C-105a and C-105b. The plate
of V=105 is parallel fed through choke L~103 and the cutput tank is
isolated from the de plate voltage by C=113 to prevent dangerous high
voltages from appearing on the antenna. The antenna is fe' by a co-
exial line tapped to the plate coil I=102 at the correct impedance.

354 Several alvantages are considered to be cbtained by the use

of a single tube oseillator-doubler circuit, most important being the
saving of battery power by using one tule. idded to this, the isolation
between the antenra and frequency determining circuits is vitally im-
portent in senc buoys due to the reacteonce shifts in the antenna ceused
by motion in rough seas. In the JM units, this rcactance shift causec
objectionable frequency variation, which concition was noted at Port-
land, limine, durine the field test =f the subject unite.

36. Plates 1l and 15 show the r~f power output to be expucted

over the lifc of the battery. It is estimated that at the end of 500
hours operaticn at numinal temperazturcs, the battery voltage will have
drogped to 6 volts and 220 volts, heater and plate supply respective-
ly. This is approximately at the half-power point giving 3 ¢b drop

in signal level. On the basis of field test data, a field strensth of
15 microvelts was measured at 10 miles from the transmitter with fresh
batteries. A 3<b drop in power, anticipated at the battery end point,
should therefore put the signal level at 10.5 microvolts under that con-
cition.

37 ' The complete data ¢n field intensity messurements made at
Portland, VMaine, are shcwn in Plate 16. Curve "E® is a plct of the
simal voltape from presently used JM-3 units in service at that activi-
ty. Curve "' is the initial results on the XCX using the 88 inch
antenna mast, measured from the water surface to the antemna feed point,
It is apparent that the voltage decrcases more rapidly than the square
law should indicate and this condition was attributed to reflections
from the Loat and water surfaces shifting the vertical pattern upwarde
Tc investigate this assumption the antenna mast was extended upward

37 inches to a total height of 125 inches anc the test repeated with

no adjustment of the antenna lengths. Curve "C" is a plot of this test
and is seen to approximate square law calculations. The antenna elcements
were then adjusted to the new cen’ition and the final results plotted

as Curve "D" of Plate 16, indicating a signal intensity of 15 micro-
volts at 10 miles, azgainst a prodlem objective of 10 mierovolts. In-
spection of Curves B, C, D and E, which approximate square law response,
indicates that the vertical lobe is very faversble for the heichts and
distences invelved.



38, Under no anchor loaling the boat deck slopes ‘ownward to-
ward the stern at an angle of 15 ‘e rees, vhich angle will “ccrease
under vorying loading to wheré the deck will be parallel to the water
surface under maximum loa’inz. TIn consequence the rigidly mounted an-
tenna will pass through a vertical angle of 15 degrees from no load

to maximum. To accomodate this chenge, the antenna is therefore mount—
ed at such an initial angle s0 as to pass throuch approximately = 8
cesrees fron the the vertical Jepending on the anchor line loading,
During tests at maximum ran ¢S, measurements incdicates thst no appreci-
able difference in ficl?d intensity could be expected over this range

cf entenna tilt. That a mere favorable vertical pattern was obtain-
able from the XCX sleewc type antenna as compared with the ground plane
type used cn the JM~3 units was apparent during the tests discussed.

It was then noted that signals received Curing rough sea statcs, when

b oys were rolling cxcessively were markedly more stable and readable
from the ¥CX than from the latter units,

39, Curve "Bt of Plate 16 was intended to show the field strength
at the battery end point. Series resistance was added to drop the plate
anc. heater supply voltagés to 220 volts and 6 volts r.spectively. This
test, due te bad weather, was delayed for several dayse. Upon completion
of the test the rcsults as shown on Curve "B® were considered excossive-
1y low, which was found to be ¢ue to low Supply voltares, 210 volts and
5¢5 volts, From Flate 15 the power output with 5.5 heater supply volts
anC a plate voltage of 270 is foun’ te be 1.22 watts. Selecting the
point corr.sponding to 1.22 watts snc 270 volts un Plate 1 and dr=w-
ing a line throuch this point parallel to the other two lines, this

line will interscet the 210 volt plate suprly ordinate at 0.h5 watts

. which is the cutput uncer the tost con itions. Then if the fieled
strencth at 10 miles with 1.5 watts cutput was 15 microvolts, the
voltage with O0.45 waetts should be

e /2
Sn{os / Xls
L-

= 8 Microvelts.

Now if Curve "gn of Plate 16 is extended, it will cut 8 microvolts at
approximately 10 miles. Since this is in agreement we can assume that
with half-power, the field strength at ten miles will be

8 = l.-TS 1,,/2 ¥ ]_5
= hié.@ Microvolts
This conforms tec the problem objective,
LO. During the field tests twe types of Sono Buoy receivers were
avallables the RBF-l and RBF-2, These have standard quieting sensi-

tivities of epproximately 5 microvolts; consequently, field intensities
of the orcder of 10 micrcvolts were found +o give satisfactory reception

| — DECLASSIFIED



uncer all conditions.

L1, Flate 17 shows the renctric. tule chearacteristics. IE s

of use mainly as a calibraticn chert for making tests of Flate 18

anc 20 Plate 15 indicates the mu'io frequency response of the trans-
mitter. The preemphasis is secn o be appreximately 2.5 db per

i L= i

octave, The a.v.c and cverall amplifisr gein at 12 ke is plotted
on Flate 19. From this curve, the absolutc sensitivity is siven as
. 60 ke deviations with an au’io input of 1C microvolts, TPlate 20
shows the perccntage distortion from the hy'rophene input to the re-
actance tube input. The r—f power cutput from 80 to 85 Mc as measured
with a resistive load is shown as Flate 21,

L2, The carrier frequency shift between initial and calculated
enc point battery voltages, assuming a “weeful 1ife .of 500 hours, wa
found to be 16 ke, The tempsrature coufficient of frequency drift
between zero and 50°C was messured and feund to be «001% per degrece
centigrade. With constant temperature, the averaze change in fre-
quency over the range cf 30% to 95% relative hum:dity was moasured at
58 kece

43 Tc determine the offcct of carrier frequency change on Ce-
viation, the oseillator frequency was varied over the range and the
inmput aijusted to give 60 ke devistion ot each test frequency. The
following results werc obtaineds

Carrier Frequency Input
Megacycles Microvelts
80 15.0
81 14.8
82 1.5
83 1.3
68 1.0
Ll The following is a sumrary of the transmitter desimg

(a) Satisfactory anl usa™le sifmels are supplie’ to the

enc point Of the batteries, or 500 hours in normal

temperaturcs.
(b) Reduced power permits large reduction in battery size
with resulting rsduction in service complexities.

(¢) Improvement ¢f frcguency shift under varying tempera-
ture, humicity, Lattery voltage and antenna rceacteonce
changes, in addition tc the limitation to frequency
Ceviation by the inclusion of audio zain limiting,
mekes possible a reduction in carrier spacing and per-

e '!f’r \ «13~
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mits morc units to be used at one location.

(d) Improved sensitivity to wanted underwater sounds
by increase of signal=-to-noise ratio attainable
from the longer hydrophene and resns for maintain-
ing the hydrophene in a mere nearly perpendicular
plane under hish currents. The use of minature tubes,
particularly in the sudio channel, has recuced micro-
phcnics to a minismm, which fact also contributes to
the imorcved sensitivity.
(¢) The heater supply tellast tube rointaing the heater
voltese within the rating, incriasine the life of
the tubes and keoping the sower cutput more nesrly
congtant’ over *“he life «f the battery,

(£) Ganged control of the ceeillotor—-doubler circuits
simplifies fraguency setting to an extreme degree
as compared with the tuning problems on the JM units,

BLITERY

Lg, From experience with Jii Suno Bucys it was realigzed that some

neasures must be taken to remove, or «wfinitely reduce the possibility

of Cangsrous sxplosions due to the eccurulation of hydrocen in the bat-
tery container, in this case, the boat proper,

Lé. Reference (L) is a report of an investigaticn by the Chemistry
Division of the Naval Resesrch Leboratory to determine the couse of ox-
plosions in closed battery containers an? suitable nethods for prevent-
ing such explosicns, .

P From these investizaticns it is stated that, Mexplusicns in
Cry batlery containers are due to the evolution of hydrogen gas by

the battery and its formestion of explosive mixtures with oxyeen in the
container®. The problem of proventing such explosions was aporoached
along the following liness

(2) Removel of cne or both explosive constituents.

(L) Cmsin: the explozive mixture constituents to resct at

B34 =
sub-ex:1csi @ concentrations.

(¢) 1Inhibition of roceticn between hydrepen and oxyzen to
the extent that it is non-sxplosive at any concentraticn.

r

L8. Removel of hydrosen can he dene most easily by three methodss
wventiletion, pursing or chuemicel absorption. The latter methed is not
feasivle since there is no known azent for completely and dependably

cbsoriing hydrozen at normal tempersiures. Removel by ventilation be-
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comes cxtremely difficult when, as in the present instance, the case

is subject to westher and sea action. In this case traps or baffles
arc rejuired to prevent entrance of sea water but aidition of such
devices retards the loss of hydrogen. The reference report further
states that consideration was given to the use of a wall composed of
material permeable to gases but not to water. However nc such matcrial
wag knowm capable of handling the volume of hydrozen generated. Both
the permeable membrane and opén vent are subject to closure by natural
concitions such as ice formation in eold weather, the report further
states, "In spite of these ¢isadvantagzes the open vent was given serious
consideration n

L9, Removal of one or more constituents of explosion by purging
t2s investigated and it is stated thet a simple flushing of the con—
teiner with an inert gas after closurc would resuce the oXyzen con=-
centretion outside the ex_.losion rézion, assuming no leakace was pre-
sente If the lattor event occured, a continucus flushing durins ser-
vice would be indicatecd. Refercnce is also made to chemical agents for
abscrbing oxysen, such as powdered copper, but a warning is injected
that eny process which remuves the cxygen and not the hy'rcgen suffers
from the ‘isadventaic that leaka e into the container will permit the
entrance of atmespheric oxysen at a rate which may be sufficient to
naintain an explcsive mixture. The vessibility of an explosicn is also
present when the container is opened ofter ser ice and atmospheric air
mixes with the high percentase of hycrogen.

50. The second method of climinating the explésion hazard was to
cause the hydrosen and oxyzen to react continuously, as hydrogen was
firmed, thus preventing: the formation of explosive concentrations. This
cen be done by two methods: by use of a suitable catalyst or by a hot
wire., The repert nctes that only Palladium will cause oxygen and hydrogen
to react at room temperatures, all other catalysts requiring elevated
temperatures. 411 catalysts, it is warned, are subject to poisoning

and exhzustive tests would be required before dependance could be re-
comienlecs  The hot wire method places a load on the battery that would
be prohibitive in the present buoy designe Perhaps a more serious dis-
advantage to both the catalyst or het wire scheme is in the fact that
sufficicnt oxypen must always be present to react with the gunerated
hydrogen or a high concentration of hydrogen will be built up and will
react, by virtue of the catalyst, when the buoy is opened, after ser-
vice, anc atmospheric air enters.

5y The third proposal, which seems to hold the sreatest merit,
was te inhibit the éxplosive reaction between cXygen and hycrogen.
Theoretical stucies, qucted in ref.rence report, indicate that this re<
action is consicersbly slows. Cown in the presence of various surfaces,
glass in particular being recommendsd, The report continu.s, "Lccord-
inzly, it has developed tuat if the speces of thé battery container

are filled with zlass wool in sufficient density, the reaction between
hycrogen and oxygen will not take place with sufficient activity to sus—




tain itself, anc flame propagation from an ignition point will not
occurs®

524 Investigations were made using two types of class wools
namely, "Pyrex Fibrous Glass #719" and "Rasic Fiber #115-C.rning
Glass Co%, the latter typ. proving more suitable due to its creater
rusilicnce and bulk per unit weight. It also tends to assume more
uniform Jistribution when pressed into 2 void space.

53 In the stucdics in quostion, the glass wool wes packed into
wire framcs constructed to fit into the various veids around the bat-
tery. This means was uscd to simplify packing end tec insirs even density
throughouts. Explesicns wers then carricd out in the battery container
with pack censities of 1, 2 and 3 peuncds per cubic foot in hydresen
cencentr=tions of 30% to 35%, the recien of maximun explosibility. The
report states "mild pressurc rises occured resulting in a slicht hcave
ceused by the bulging of the bottom an’ top of the container, but did
not appruach dangerous valucs at any time". Investigation of the effects
on the slass wool after these tests indicated no observable effect and

it appcers that under these conditions it will last indefinitely. Tt
was cbserved that water appeared to have no adverse effect on the glass
wool, with some indication that it may be bensficial.

Sh. In "Conclusicns®, the reference report states that the problem
of prevention of dancerous explosions in closed battery containers can

be most readily accomplished by filling the void spaces with "Basic

Fiber #115K" at pack densities above 2 pounds per cubic foot. Tt is
further stated that all voids need not necessarily be filled and that

the ratio of unfilled to filled space can be at least 0415 under which
concition a pack censity of 3 pounds per cubic foot be used in the re-
neinder of the veids. Folystyrenc foam was tested as an alternzte materis
albut had a tendency to burn and would require mcre exhaustive tests.
Exfoliated mice was considered but was not testeds

55 In connection with any future ‘esign of dry battery containers
reference (4) recommencds that considers ion should he siven to the use of
a2 container that fits the battery with a miniwmurm of clearance. Such a
design, it is Lelieved, would prewent propagation of hydrogen flames with'
sufficicnt speed to produce ap.recisble pressure rise and, in qonsequence,
the batt. ry would tend to absurb eny exzlosicn which takes place in the
spacé surrcuncing it. It is furthér recommencded that in addition to

the use of ilass woel as indieatc?, 2 suitslle relief value should be
provided to‘prcvent the building up of gas pressure due to evolution

of hydrozen by the battery, apart from the prossure due to explesion.

6. In conformance with the récommencations covered in reference
(t), consiceraticn was given to the usec of scme substance to inhibit
the reaction betwesn hydrogen and oXyzen. Using the stendard form of
battery this weuld require fillins all the voids of the boat with in-
hibiting material. If glass wool were to be used at the densities re-

| e
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commended, the weight of the boat would be incrcased to a degree

that would upset cesizn calculations. Other feterrent factors a:ainst
the use of glass wocl in the entire boat are the “ifficulty of re-
noving accurmlatec bilze an” the ccletericus effects of slass wool
‘ust accummlating in’the transmitfer and centrels. The suzrested
alternative material, Folystyrenc, theuch not adding any serious
weight factor, was found impractical duc te the welding required on
the hull after packing, the hcat of that operation destroyins the
Folystyrenc.

5T In the final development mocdel of the XCX, taking into con-
siteration all factors of weight, design, servicing and manufacturing,
it was Cecided that a seazled battery, with a relief walue to bleed off
excess gas pressure, would be a satisfactory and reasonable solution
to this complex problem. Such a battery was designed and samples were
built by General Battery Co. to NRL specifications and drawing RALOFLOLA.
The battery, designated Type 360L, is 19 1/2" x 150 x 22 1/4" high, not
including the top plug assemply, and the entire unit weighs 245 poundse
The battery proper is encased in a 1/32“ terne plate hcusing, sealed
sas tight by solderinge. All inside and ocutside terne plate surfaces
are protected by a synthetic resin with good mechanical and chemical
properties over the temperature rance of =4O degrees to +9l derrees
Centigrace. The several volta e terminals are the Sperti glass=to=
metal seals, soldered directly to the terne plate case. 4 valve stem
is soldered throush the case to which 2 flexible tube is attached for
leading; cdeveloped gases to the cutsicec stmosphere. The gless seal
torminals are connceted by jumpers to a stendard receptacle mounted a-
Love the case and to which the connecting cabls is ccoupled. 4 larce
folding rin. is securcd in the center of the tattery case for 1fting .
The battery is encased in an outer wooden case for protection Juring
hancling,.

58, Internally the battery is constructer on the unit principle,
comprising 360 "LM type cells in 8 units of L5 cclls cach. Thesc units
exactly f£it within the terne platec casc with the exception of a void
where the ninth unit normally woull be in a 3 x 3 arranzement. This

arrsn-ement permits a sturdy construction for the lifting ring. -
59 In cecincicence with the findlings and recommendations of re-

ference (3) this construction scems to conform in substonce. 4 mini-
mum of veids are existent and the only major wveid a2t the top can be
reacily filled with glass wool as recommendede This is a simple manu-
facturing; procedure but as the findinrs of refercnce (3) were not a=
vailable Curing design and counstruction of the battery, it was not in-

cluded in the developmental mudels

60+ From the above discussion it would appear that a battery of
cesign sinmilar to the models, completely sealed, with all major:voids
packed with glass wool, Basic Fibre 115K, to a density of 3 pouncds per
cubic foot and with a vent to bleed off excess ras pressure, would be

; T _ =15~
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to sugrest the unit was nct operating normally.

é5. The model C-37 hyrochone was finally accepted for use with
the XCX Sono Radio Buoy. This hydrophone is 5l inches long, which is
coensicerably longer than the C-23 unit now used on the JM=3 Buouys.
This increased length improves the scnsitivity and produces a degres
of dircctivity in the vertical planc. This improves the siynal-to-
noise ratio by virtue of discriminatory action against surface ncises
in the vicinity of the Buuy.

66. The effectivencss of this wertical pattern is maximum only
when the hydrerhene is suspencud nermal to the water surface, which
condition ¢hiains only in currents of zero velocity. In effect, 2
sharp verticzl pattern can have Celutcrious effects in procucing &
severely Jisterted horizontal sensitivity pattern when the hydro.hone
assumes any angle from the verticzl in a current.

674 48 ne data was available cn the ancles from the vortieal
that the C-37 hy’re,hone would assurc under varyins currents, an in-
vestication was requésted of the David Tayler ¥adel Basin to obtain
such informetion and, in aldition, methocs of maintaininz the subject
hycro hone in essentizlly a verticel |, lanc in currents to 5 knots. Re-
forence (5) covers the findings of that activity which are discussed

in subscguent ara:raghs. i

68 Freliminary consiceraticns incdicated that a hydrofoil type

of depressor would be required to meintain the hycrophene within o few
ceprees of vertical in the specified current range. Such a hydrofoil
woull Cewlop a Cynamic lift of thé order of several hundred pouncs

at hi her specds, but, in addition, it would necessitate a negative buoy-
ancy of ov.r one hundred pouncs at the lower speeds. Though the hydro-
ohcne connecting cable can withstand a static lecad of 1500 pouncis, the
tensile and loading stresses developed in the hydrophone would undoubted-
ly be far in excess of its capsbilities.

69 It was therefere decided to tost depressors which arc faired
weights of low drag anc which do nct develop dynamic lift. Tt was
theught that the use of such deprissors would improve the angle over
Lhat of the hydlrophune alene suffici ntly to warrant their investi ation.

70, 4 full scale mudel of the C-37 hydrophone was constructed

of correct weicht and mass distritution and tested in coenjunction with
the cinnectin; ecable as uscd <n the standard hydroshone. Thesc tests
were madc with 25, 50, 75 and 100 pound weizhts. TWhen the several
weizhts showed Jroumising refuction in the hyrro hone tilt angle, it was
requestc”’ that a 12-pound weivht be tested throush the same soeed ranies
This smaller weight was investisate as it was ccnsi‘erec that even the
25 puun weicht wes Lorhaps overstressing the hycrophene,

TLe The results of this series of tests, including that of the
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hycrophene alone, are indicated on Plate 22, which is a copy of

enclosure (b) of reference (5). inalysing these results, it appears,
©o quote reference (5), "that the 12 pound ‘epressor is quite rracti-
cable since above 1 knot it cucreascs the hydrerhone angle as much

as 25 to L0 cezrecs depending u-cn the speed,® Purther, it is stated
that, "$he imgrevement fur the heavier eresscer is at a lesser rate

than that of the 12 yound depressor over the hy“rcphone alone o

il The additional investi:stion to determinc the orientation

of the hy'rochune when suspen’ed oa a 50 foot calle an' carryin; the
various Jepressors is also rejorted in reference (5). Flate 23 shows
two sets of curves which in’icate +he :78ition of the hylrophone, cne
set showin, the depth an’ the Lther the “istence astern of the buoy
for cach depresscr and for the hyrc hene unloaded. From Tlates 22

anc 23, therefore, the pesition and' zngle of the hy'rovhene uner vary-
in: concditions of current con be easily determinec, '

T34 From the results of this investijation, specifications and
crewings were prepared for a hytro-hene having electrical character-
istics similar to the C=3T7 but molifiec nechanicelly to include an
enc fittin: to which the Proper teiresser could te attached. This re-
quired a coamplete redesizn of the lenzitudinal mechanical structure

to incrense the resistrnce to twist and deformation. Several mo’cls
of such a hylrophone were produced by Erush Devilorment Coe but dis—
contimuance of the _roblem has srevented any comprehsnsive tests to
b made of the models or hand,

Th. Clusing of the yeneral problem prevented actual operational
tusts of this redesi;nec hy 'roshonc in comparison with an unloaced unit,
In particular it woul” be essential to investizate the backsroun” noise
introduced by attaching weights #s it was ncted that the hy'rophone with
the weishted depressor hac sufficicnt oscillation and vibration fuc to
being held by the weoisht to warrsnt sueh an investirstion. 4t hicher
spoccs such oscillaticns wore ohserver to be less than with the unload=-
¢’ hydrophone which showed o very unsteblc oscillation in yaw.

e, © L8 the medified hydroshune wes not aveilable Curing field
tests, the stendard €-37 unait in conjuncticn with the 30X Bucy, pre-
sented ¢ven to an unexpericncud listener, underwator sisnals that were
survricr to those from J7 units fros a soint of sensitivity, ficelity

ancl intelligibility. This is in ort attPitutsble te the incressed
sensitivity cf the lonrer C-37 hylrophone, but what is consicered a

mere im; ortent factor, is the inhercat cirectivity of this unit which
affectively diseriminates acainst surface ncises in the imme’iate vieini-
ty of the boat, the locus of maxisum unwantecd noise,

76, In accordance with the findings of reference (5) concerning
the angle assumed by the hydroshene in a current, the C-37 unit was sus-

pencec to a depth of 10 feet, but %o maintain it in vertical orientation,
a rope bricdle was attached to the top anc bottom, the other ends of the

"Irn 18-
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bridle bein: tied to the lowest ¢nd of the buat anchor bricle. This
maintained the hydrophone in essentially o perpencicular ;lsne under

the current experienced. 4 com arison was made hetween this hydro-
chene suspended te only 10 feet and 2 J¥ unit in the same areay hut
with its hydrorhene at a de,th of LO foet. The c-37 hy?ro. hene in

T oeniicvler suspension cave sy, orior listening jarticularly as roards
the si nal-to-ncisc ratio.

T The rusults of thesce tosts esn net e com;:letely attritmtable
to the lengor hy'roghone and its mere favirsble crientation, “ut must
include the inteni s supericrity of the XCX desisn. The imroved boat
cosign, acvenee” tuhes and circuits, the inelusicn of autic a.v.c. and
cre—mphnsisy ell these in conjuncticn with the iw roved hyrrophene were
focturs in the owerall excellance .f rosults.

BLLL.ST TUER

T84 Operating Mircctly from the initial 7.8 volt battery supply,
the trensmitter tube heaters would be severcly heyend the specified
liritse 4s a lincar rosistance would result in an extreme recuction

of battery life, a ballast tube was «cfinitely indicated., 4 stancard
Sylvania 11 filament was destrcyed when the hich starting current
passc through ite Seweral meth. s were tricd whereby a fixed re—
sistance was inbrotuced for sceweral sceuends to keep the current within
safc limits after which the rosistor was shorted cut and the full volt=
agl a; plicd to the heaterse. 4 mercury contactor was desipned into
which a bime delay was introduced by controlling the flow of mercury
through a small cpening between two sections of the tubee in extra
terminal was placed on the side of the tubc which would be contacted

as the level of the mercury rceses 4ltheuzh scund in orincizle, the
mereury contactor was very susce; talile to momentary circuit Jisturbances
uncder vibration and roll.

19 After discussicns with Sylvania cneincers, they arresd to
attom t o desisn of a ballast tue with currect coentrul chorsctoristics
an” with 2 filapent that wull withsten” the sbnormelly hich sterting
currént in the heator circuits 4 tulc was profuced with multiple parel-
lel clemcnts snd comtrel characteristic as shown on Tlote 3D This tubs,
'‘wsi-nnted SD-818 by Sylvania, was iven an accelerate! startin~ tost
an¢. showed ni chan e in characterisiics sfier numerous startine cyclos,
Igre cunplete tosts inmlicate! that the tud: was satisfactory an’ was
ineluded in the final Jesign.

CO, CLUSICHS

00, The chief factors in cvaluatin; the results of this cevelop-
ment ore fiscussed under this heading.

81. In the prescnt design 2 very im, ortant consicderastion, which
is not nullified by the modifications sugiested under "Recommuncations?,




is the possibility of mere nearly obtaining 100% operation. This idua
is more closely agproached dué to the fact that periodically, when nee-
essary battery change is made, the cntire operating portion of the unit
will be available on shore for a complete overhaitl and insvection be-
fore being returned to service as a replacomént unite. Under these con-
ditions all tubes and circuits can be tested, corrosion removec from
internal parts, frequencics accurstely sct and antenna adjusted for
proper match. It is contemplated that such a procedure should decrease
actual operaticnal failures, exclusive of battery deterioration, to a
minimum,

824 The functional design of the boat is a <efinite improve-
m.nt over the jresently used barrcl- shaped units, offering a sub-
stentially more stable platfurm in any sca state and sermitting use in
cecper anchorspes because of roduced herizental resistance and result-
ant anchor lins loading.

83 The investigation rclative to the angle assumed by a long
hydrophene in a current clicited sur_.rising results when it is con-
siderec that the transducer is dis.laced 75 cerress from the vertical

in a two-knot current. The Cetrimental effects of this are of course

a funct . on of the hyrrophone lencth and resultant vertical directivity
but sume cistortion of the receivin: pattern must be expected even

from the shorter C-23 hplrophunce The improvement gained by the addition
of a 12-pound depressor is consicered noteworthy and should be a2 design
consiceration in future work involving long freely suspended hy’rophonese

8L« The battery, as discussed, is consi‘ered a positive advance
toward the complete removal of personnel hazards existant in the use of
dry batteries in enclosed containcrs. The safety factor is, of course,
mullified to some degree if hydrogen passes from the battery into the
interior of the Loat and ior this recascen positive gas tightness of the
term plate battery enclosure must be assured in manufacture.

RECOM=NDLTIONS

85, During the field trizls at Fortland, Maine, an investiretion
of prime importance was undertaken to determine the most satisfactory
vrocecure for periodically servicing the XCX Sono Buoy.

864 The wriginal intent w~s that the boat be towed from its
anchourare to shere for servicing, which assumes that a scecond be tow=-
ed out te replace the unit bein: withdrawm,

S

G7+ This procesure was proven to be a severe strain on the main-
tenance facilities for sevoral recsonsg

(a) 4t buoy installatiocns 6 to 8 miles from a base, the
time consumed by a stendard 38-foot Buoy-Tencer Boat
in towing a single unit to its anchorage, changing,

=20

A




anc returning t e roplaced unit to shore is guite
eXcessive., rParticulerly durin; seasons of short
ceylisht such a [rocelure could limit a single
crew te two Jaily scrvice changes,

(b) Towing more than onc unit to a location, besides the
extreme reduction in specd of the tow boat, intro-
duces many complicated mancuvers and dangers to por-
sonnel in maintaining the several units in sufficicnt
order to permit a transfer of units at the anchora;ce

(c) The transfer of anchor line from a spent to a replace-
ment unit was found to be a complex and dangercus pro-
cecure, requiring mere operating personnel than are
normally assigned to a boat crew. In sea states a-
bove 2, it is yroblematical that a transfer could be
accon lished,

88, For the above reasons it wes intended to make certain moci~
fications tc the XCX to :ermit o scrvicine rrocecdure similer to that
of the Ji-3 units. Upon conclusicns .f +he ~roblem a simple redesign
was in rurress wherein the entire ogcrating assepbly includins hat-
tory transmitter and antenna woul? B¢ containes in the watertisht con-
teiner remcvable from the hoet. Undor this vlan a jortion of the
cunter of the boat could be welled to take this asserbly in a manncr
similar to the ;resent Jy=3 batlery float. 4 simple lockins fevice

to held the units rizidly tupether would be sup;lied and bales for
liftin; the removable unit would be cunveniently located,

89. It was contemplated that such a design would introduce no
chan e in maintenance procedure over thet now usec with the J¥=3 units.
In accdition, it is probsble, that the reduced battery size in the XCX
would permit the total weight of the entire assembly to be less than
the loaded J¥=3 battcery container and the .rocecdure necessary to re=
move the hydrophone connector is similar to the removal of the battery
connector on the Ju-3.

0. From a stancpoint of =ctual service at sea it would there-
fore agppear that both units would be similar, dth 2erhaps a more fovor-
gble weirht factor for the modified XCX.

91, This suugosted revision of the XGX received the unanimous
assent of the Scno Buoy cperating sroup, at Fortland, Maine, who demon-
strated the ease of such a scrviein: - rinciple by changing several JM-3
batteries and containers at an avera ¢ of 10 mimutes per chanpge exclusive
of runnin; time between buoys.
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XCX SONO RADIO BUOY = TOP VIEW FROM STERN
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XCX SONO RADIO BUOY = DECK DETAILS
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XCX SONO RADIO BUOY = HATCH INTERIOR DETAILS
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XCX SONO RADIO BUOY = HATCH COVER IN SERVICING POSITION
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TABLE .11
BUOY A = Summery of Anchor Line Sizes

tnchoring| Type of | “C“‘:iﬁ" Linef . oua :Jicﬂgiﬂec::f.::t Recommended Anchoring | Maximum
Depta | incooring Length (Feet) il ol Einenad) Line Sizes (incnes) Current
(Feet) Line Crble Conin|(dnots) = ; : - tor Hec-
Cable Coiain Cable Encin (Bar Diameter)| ommended
(Bisscter)| (Bar bize)(mumet.er) actual rate fiirl!iiz)
2 e
1200 Fiow Steeld oo 40 | 0.229
H.C. Hi gt
5%  |Tact Chotn Tego | 2:%5 0.184 W73z | a6 | 3.8
Proof Coil = i
el 1230 | 2.7% 2.325 1/32 5/16 | 2.45
Plow Eteel
£c0 E?gfeum" 60 | 600 | 45 | 9.2 0.184 4 w32 | 36 | 4.8
Test Chain
Plow “leel
b
800 gioig g.ﬁff 600 .| 600 | 4.05 | 0.715 0.270 14 932 | /4 3.94
Chein
HoC. i 2
130 Test, g;ﬂn 200 | >0 11/32 5216 |sq.0
i Pmesk Suid | 200 7.8 0.432 iz | | 7.3
N\
TABLE 11L
BUOY B - Summary of Anchor Line Sizes
\-
i i Encoor Line Sizes : f
. Ancioring Line i . g Recommenaed Anchoring Maximum
Anchoring| Type of % daximus | ot Jdeximusm Current r& R Y >
Depth Fnc:_mri.n - ‘Length Pee%) Gurrent R aoHee) Line tizes (inches) E‘E:rgne{t:._
{Feel) Lng Cable Coain|(inots) Ceble Gunin Cnble Euain (Bar Eiﬁ.netﬁr) ommended
{iisuetor)] (Baw bizaj(blruwter) kctual | "Trade (?ﬁiii)
1200 |FHSN pueel| oy, 4.0 |0.228-9.368 14 4.25
Cable B 3 i T i
60 | Tasi l-.{f.ﬂ’?n 1200 4.2 0.212 Y3 | 36 4.55
froof’ Coil = o
620 s 1200 3.96 0..397 13/32 3/8 3.0
Plow Oteel
600 za}i“ﬁ[i’gs o0 | 6oo| s.33| o.2m | o.205 /4 732 | 3416 5.12
Test Chain
Plow Cieel
. Cable 7lus 1/32 Z
600 Proof Coil 600 600 4.48 0.281 0.352 5/16 11/3 5/16 4.35
Chain
H.C. High 2 16 >9.0
190 bl b 200 | >9.0 15/3 i 9
Proof’ Coil 8.18 9,58 17/32 1/2 %
10 Chain 200 2 532 /3 /i 90




Anchoring
Depth

|

TABLE IV

NRL MARK III BUCY "B"
Anchor- Line Sizes and Combinations for Various Anchoring Depths and Currents

1. Anchor Line:

3/8-inch Diameter Plow Steel Cable
9/32 (1/4)-inch H.C. High Test Steel Chain

Chain Length = Cable Length

Buoy

Anchor Line Length = 2 x Anchoring Depth
. For Combinetion Chain and Cable Anchor Line:

Waterline

Anchor Depth (Feet) 100 200 300 I 400 | 600 l 900 1200
Maximum Anchor
Current Weight Recommended Anchor Line
(knote) (pounds)
2 . 1500 Chain Chain Chain Chain Chain Chain Chain
-0 and Cable | and Cable | and Cable |and Cable | and Cable | and Cable | and Cable
2.0 1600 Chain Chain Chain Chain Chain Chain Chain
¥ and Cable | and Cable | and Cable |and Cable | and Cable | and Cable | and Cable
Chain Chain Chain Chain Chain Chain
3.0 17500 and Cable | and Cable | and Cable |and Cable | and Cable | and Cable | Cable
5 i : z Maximum
Chain Chain Chain Chain Chain
4.0 1900 and Cable | and Cable | and Cable |and Cable | and Cable | CaPle [Current =
3.96 knots
) : 2 > Maximum
Chain Chain Chain Chain &
5.0 2200 and Cable | and Cable | and Cable |and Cable | Céble e
= : P Maximum
Chain Chain Chain
6.0 2500 Cable Current =
and Cable | and Cable | and Cable 5.2 knots
= : £ Maximum
Chain Chain Chain
7.0 3000 Current =
and Cable | and Cable | and Cable 6.9 knote
Maximum Maximum Maximum
8.0 3700 Current = | Current = | Current =
7.9 knots | 7.7 knots | 7.25 knots
ENCLOSURE (B)

420045
PLATE 9




in pounds x |02
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Towline
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Buoy
= 80
o
[ ]
| 70 =
Towline | = &
Tension ©
o ISR, Ui e S AT e 60&
50 $
= I I g | z
Buoy B y /J 3
| ©
T 4
l VA Horsepower 2 -
Buoy A- /r' o
& 30!:
// —Buoy A
& & 20
/ ,ﬁ rBuoy B
‘//_ SS— s 3 . lo
J==£é4 [s9c4a

0]
2 3 4 5 6 s g A W 2 43 el 3R
Towing Speed in knots

NRL Msri III Buoy-Towline Tension and Horsepower
Reyuired for Towing Astern of a Vessel

12 February 1944
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