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An explosive streamer whicn departs somewhat from the original line
charge concept is described. The proposed streamer has a loading equiva-
lent to one pound of cast HBX-1 per foot of streamer. The expleding charges
(of 25 pounds each) are contained in three inch diameter aluminum tubes
suspended beneath a towing cable and are spaced at intervals of 25 feet
along the entire length of the streamer. Initial explosion tests indicate
that the charges can be exploded without damaging the towing cables. A
study of buoyancy calculations indicates that steel tubes six inches in
diamster or larger may be required to provide buoyancy if it becomes
necessary for such tubes to withstand explosion pressures from large
(600 pound) explosive charges. If the tubss need to withstand only the
pressure from explosions of adjacent explosive sectiona, tubes of four
inches diameter may suffioce.

II. CONTAINER DESIOGN

Progress Report No. 15 contained & tabulation of dimensions and
buoyancies of aeveral possible arrangements of float tubes for an ex~
plosive streamer. The streamer considered was designed for a line charge
of explosive 25 feat long having a cast HE}-l charge weighing one pound
per foot. The tabulated data indicated that, in order to achleve neutral
or slightly negative buoyancy with hollow tubes which would withetand
the explosion of other units of the streamer, containers having overall
dimensions as great as 3x6~1/2x96 inches would be required. Tnerefore,
it was believed desirable to consider other arrangements which might
eliminate some of the disadvantages of having the explosive charge in

three separate units.
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At a conference with Bureau of Ships, Code 620 personnsl on June 13,

1550, a stresmer was proposed in which an explosive charge consisting of
25 pounds of cast HRX~1 is carried in one tube approximately 7-1/2 feet
long suspended below a towing cable. A hellow tube attached to the ex~
ploaive container by weans of a pair of cast aluminum yokes provided
buoyancy for the assembly. Cazt aluminue was chosen for the yoke materiasl
because of its lignt weight and because of its ability to shatter during
the detonation of the explosive charge. The first yokes were made of
Alcoa Alloy #212 because it was available locally. Tests will be made
using yokes cast with Alooa Alloy 195-76. This alloy must be heat treated
to devalop its maximum strength. It 1s believed that its use will effect
'a considerable weight saving over the use of the #212 alloy.

Figure 1 is a photograph of the explosive unit with its float tube.
4 complete 40U fool streamer would consist of 16 such units separated
by two three-inch-diameter, 8-1/3~foot-long spacer units. The spacers
would contain the necessary actuator units. Each actuator unit would
initiate the nearest 25-pound explosive charge and would initiate a
charge which would blow the spacer tubes on each side of the main charge
clear of the cable. Thus, with the explosion of eaeh 25 pound charge,
25 fest of the streamer would be expended.

In 2 streaner assembly such as that desoribed above, it would be
possible to obtain the neceasary bwoyancy in several ways:

1. Use an air-filled float tube in the explosive unit of a size
sufficient to give neutral or slightly negative buoyancy to the 25 foot
section of the streamer. The spacer units would be water-filled to re-

sist ocollapse and would provide nc buoyancy.
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2. Use an air-filled float tube in ths explosive section of a gize
gufficient to give neutral or slightly negative buoyangy to the explosive
unit only, with wood-filled spacer tubes on each side of the explosive
units to provide the desired displacement.

3. Use a wood float of a aize sufficient to give neutral or slightly
negative buoyancy to an entire 25 foot section of stroamnf. The spacer
units would be water~filled and would provide no buoyancy.

he Use a wood float of a size sufficient to give neutral or slightly
negative buoyancy to the explosive unit only, with wood-filled spacer
tubes on each aide of the explosive unit to provide the desired displace-
ment.

Puoyancy calouwlations have been made to determine {loat tube sizes
roquired for the four possible arrangements suggested above. The tubss
were assumed to be of steel, and wall thicknesses were estimated to with-
stand (a) pressurss 25 feet from a 600 pound charge of cast HEX-1l, (b) pres-
sures 25 feet from a 25 pound charge of cast HBX-1. Wall thickness/diameter
ratios (t/D) were based on ASME-UPV Code for design of tubes for external
pressure loading. It was assumed that the peak sxplosion pressure required
for collapsing the tubes would be approximately five times the static pres-
sure required for collapse.

Results of the calculsations are assembled in Table I. 3teel tubes
six or more inches in diameter are indicated if the floats must withstand
pressures from large explosive charges and provide only slightly negative
buoyaney. At present, the use of tubes of such & size would seem to be
1§practicuble. However, before final rejection of the nigh-strength float

tube concept, data should be obtained relative to the resistance of those
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TABLE 1
BUOYANCY DATA FOR 25 POOT EXF LOSIVE STREANER ASSEVBLY

Source of To §ithstand Fressure of &00 Lb. {To Fithstand pespurs of 25 Lb. EBX-1
Buoysuney Torpex Charge at 25 Febt. C[Charge at 25 Ft. (1 iLb. per Foot lNominal
- Loadirig}
/L = 0.027 1D = 0.016
FReight #ater- Buoyancy yeipht = watler Buoyanay
ioat Dia. of Unit bLisplaced Factors Float Dia, of Tnit Displaced Factors
{inches) (Founds) ~(Pounds) (Ibches) (founds; ~ Pounds)

J1. air-rilled L 11.9 78 g L w81 78.0 1.25
Float Tube, 6 154.6 132 1.17 5 110.7 102.5 1.08
dater-£111 & 215.1 207 1.0kL € 123.1 132.0 .93
Spacsrs g 252.1 253 <99 8 159.6 207.0 .77
Float Tube & 169." 16}4¢6 .L-Q3 h—l/? 11805 125&@ -’?
water-filled & 230.4 239.6 97 5 126.0 135.1 .53
Spacers

3. #ood Float b 100.5 768.5 1.28 #eight in Air of Individual Components
sater~-filled 5 111.9 103.0 1.09 of 25 Foot Section
3pacers & 125.6 132.0 « 95
Cable (20 Feel) iZ.> Pounds
2 Cast Al Yokes 6.4 pounds
L. Wood Float 4 118.7 110.0 1.08 2 11 Spacer Tubes 14.0 Pounds
¥ood-~filled L-1/2 120.0 120.4 1.00 1 4l sxplosive Tube 7.0 Pounds
Spacers 5 129.8 135.0 .96 2 Actuators 6.0 Pounds
Misecellaneous Fittings 5.0 Pounds
Explosive (Sp.Gr. 1.7) 25.0 Pounds
Fosd - 50 1b/ftd

& Buoyancy ractor = geight ol Unit ¢ aater Displaced

————
——————e
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tubes to collapse by underwater explosions. If hellow gylinders
withatand only the exploslon of the charge in the next streazer section,
it is possible that float tubes having & dismster of four inches may
suffice.

The possibility of utilizing wood floats for the streamer unit was
pointed out in Progress Report No. 15. Practicability of this typs of
float must be detersmined by subjecting units to ths explosion pressure
from largelﬁhargas.

Plans ars being formulated for tests to determine resiatance of
the varioua‘posaibls float tubes to large scale explosions and to deter-
mine towing characteristics of the stireamer sssembly.

Preliminary tests are being made to obitain design data for stream-
lined ends for the explosive units., These ends will be shaped to minimize
drag and turbulence when the streamer is towed at oparational speeds.
Tinis work is being carried out by ¥r. H.¥W.S5. laVier who is associated
with the Engineering Experiment Station and the Georgia Tech School of
Aeronautics.

I1XI. EXPERIMENTAL WORK

Underwater explosion tests have been made using explosive units similar
‘to that shown in Figure 1. The explosive charge contained in the three-
inch-diameter aluminum tube was approximately 28 pounds of cast HpX-1
and was Initiated by a pentolite booster.

Two successive explosive charges did not damage a 1/2-inch 8x19 wire
rope used as & suspension cable. The aluminum yokes, which were cast

Alcoa Alloy #212, were blown clear of the cable.
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were siuxilar to that shown in Figure 1, Progress Report Ho. 16, July 31,
1950, except that the four incu diauveter stesl tube was replaced by &
L=1/2 inch diameter wood floast., The float snd explosive tubing were not
streamlined for these tests. Spacer sectloms and explosive assembllies
were approximately elight feet lony, @ov that the total length of ths strsamer
tested was approximatsly 100 feet. The streamer units wers slightly buoyant.
an inclinometer and a hydrophone were mountsa in the spacer tube on tle after
end of the streamer with this tube rigidly securad to the explosive assembly
immediately ahead of it. W%With thls arrangement, any rotation of the ex-
plosive assembly away from the vertical position would be transmitted to
tha inclinometer. The stresamer tow cable was a J.J-inch diapeter, six
conductor argorsd cable.

Streamer units were launched 4y hand, one at a time, over ithe stern
of an a¥c¢ whlle the vessel was dead in the water. The atreaser cable
passed through a snatch block secured to & paravaﬁs by a ten-foot pendant
. 8o that, when ths paravane was launched from the starboard quarter, the
éirtamer was pulled out of the towing veesel's wake. The paravane was
aet‘to tow at a depth of 30 feet. The length of the paravane tow cable
was approximately 150 feet, whiie the length of the stresmer tow wire was
approximately 250 feet.

Pable I shoﬁs towing drags as indicated by tensiocmeters when the
streamer was towed at various speed.

Buring ths towing operation the paravene maintained a position ap-
proxizately 135 degrees relative to the towing vessels course.

The noise level of the disturbance caused by the streamer when towed
at eight knots appeared to be no higher than the background noise of the

hydrophone system, which, it is understood, would be insignificant in com-
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TABLE I
TOWING DRAG OF 3XPLOSIVE STREAKER

e e e

Speed Streaser Drag Paravane Drag
& knots L0 pounds - 630 pounds

& knots 850 pounds 150¢ pounds
13 knots 1250 pounds : 2300 pounds
12 knots 1800 pounds -

e e e e P o e s
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Inciinometer recordings at eight knots indicated orientation of the
dummy explosive units with the verilcal within + 3 degrees. stability
apuarently decresased when speed was increaged to ten knots, but the in-
strunents ceased functioning before reliable data could bLe recorded.

The streamer, as observed from a PT boat, dppeared to Ds quite stable
and towsd without snaking or cork-screwing whan submeryed. Towing depti,
@8 estimsted by sonar gear on the PT boat, was approximately 27 feest.
Asadings at several pointa along the streamer did not vary mors than two
or tnree feet. |

Tne load on the streamer tow cuble was & steady strain without
Jjerks, although there was some vibration of the csble. The amplitude of
the vibration was approximately l-1/2 inenes. <xamination of the tow
caple after the tests falled to show evidence of any tendency of the
cable to untwiat,

4 mark near the water's edge on the paravane tow cable, which, ex-
cept for the swells or crests of iLhe waves, remained at the water's edge,
and the steady strain on the paravene tow cable indicated avsence of
hunting or excessive snaking of the streaser,

A wedge stupper on the aiter end of the streswer tow cable gave way
shortly after the towing vessel's speed was inoreased to 12 knotz and the
streazer units slipped from the cable.

TII. STREAYER DESIOGN

Ynits are being assembled for towing tests of LOD foot straosmers.
Tisse units will hawve streanlined eads to reduce towing drag. Fligurel
shows the end of one explosive assembly and a portion of the adjacent
gpacer tube.

3teel and aluminum oylinders of various diameters and wall thick-

“ UNCLASSIFIED
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sive tubes capped with long, non-cavitating points.

Tne streamsrs were towed frozm the etern of the towing vesse. using &
"silant® type paravane which carried the streasmer out of the towing vessel's
wake. Tie strsacers possesged moderabe positive buoyancy to parmit recovery
in the ewent of the parting of a tow cuble. The positive buoyancy caused
toe after end of the streamer to ride at or nesr the surface of the water
at aspeeds of eight knots or less when the paravane waas set for a depth of
3 fest. At speeds greater than elght knots, the after end of the streamer
was submerged sv that it was not visible froz the towing vessel.

Ao was Lhe ﬁaa& in the tests previously reported in Progress Report
¥o. 17, Auvgust 31, 1950, an inclinometer wse mounted in the last section
of ths streamer tc furnish an indication of the stability of that unit.
During tests at towlng speeds of 12 knots, the total angle of rotation
of the {loat-sxplosive-tube assenbly averaged from 16 to 18 degrees with
occasicnal peaks up to 25 degrees. At towing speeds of 15 knots the
average rotation indicated by the inclinometer was 30 to 32 degrees with
occasional peaks as high as 5 degrees. Radical courss changes of tbe
towin: vessel had no apparent effect on the stability of ths unit.

In comparison with the six degree arc of rotation previocusly reported
for a towing speed of eight knots, it appears that the avove figures
may bte somswhat high. Additional tests are to De carried out to gheck
~ these data.

The towing drage, as indicated by tensiometers when the streamers
wore towed at various spesds, are tabulated in Table 1.

Throughout the pericods of towing of all streswers, tensiometers
indicated steady straing on paravene and streamer tow cables . ihen
towed at 15 knota, several of the aluminum yokes broke nesr the point

W |jNCLASSIFIED
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IV, PLANS FOR TMUEDIAT: FUTURE

Upon completion of the patterns, a number of "split" yokes will be
cast and subjected to strength and explosion tests.

i’*rac&séing of steel cabls for rubber-coating will be discussed with
reprasentatives of the 3.F. Goodrich Company and additional cable specimens
#ill be secured for testing.

Respectfully submitted,

Frederick Bellinger,
Project Director

ward H. Sachs, Jr.,
Approved: . Assistant Project Director

¢ (Brald 2. Rosselot, Director,
State Fnginearing Fxperiment 3tation
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the tests which hawve besn desoribed in previous reports.
Two suscessive shots on the same cable apecizen resulted in only uiner
soars and outs in the rubbver lacket.

B, #aterproof ¥loay Costings

Test specimens of wo.d {loat matariel bave been painted with several
different water repsllant coatings and heave been subumerged in water at
lake Arabis for a pericd of several weeks. Wood bLlooks costed with the
following materials have been tested in this wanner: Fhenoplast, Spar wr-
nish, pliclite base laboratory paint, polyvinyl chloride-alkyl resin, «nd
urea forsaldehyde rasin. NHome of the coatings proved to be waterproof under
these conditions. All of the specisens were warped and water soaked after
a period of thraes weeks. Furthermore, these coatinge were essily cracked
by moderately rough handling,

TII. DESION

A. Tow Cable

It 1s understood that tests which have been carried out at the
U.5. Yavy Mice Countermeasurss Station, ransma City, Florida, indieate
that the stee) cables may have insufficlent electrical condustance to
permit their use an stresmer tow lines. With this in mind, the American
Steel and %ire Company has basen requested to furmiash inforzation with
regard to panufacturing wire rope with a stranded copper score. A 3/B-inch
6x19 improved plow steel rope with copper core would have a breaking strength
of approxisately 12,000 gounds. The copper core would be the approximate
equivaleat of a 10 gage conductoer. 7This cable would be rubber-jacketed to
& nominal )/2-inch diameter with the same type rudbber sheath that has been

W UNCLASSIrcD

-










Georgia Institute of Technology
STATE ENGINEERING EXPERIMENT STATION
Atlanta, Georgia

 UNCLASSIFIED

PROGRESS REPCRT NO. 23

PROJECT NO. 1L1-64

CABLE DEVELOPMENT
BY
WARD H. SACHS, JR.
= O w O = O = QO =
CONTRACT NO. NObs-L7LL1
INDEX NO. NS-L410100
BUREAU OF SHIPS, BRANCH
DEPARTMENT OF THE NAVY
= 0 = Q = Q0 = 0 ==

MARCH 31, 1951

UNCLASSIFIED
-

(ovy M. to



Georglia Inatitute of Technology
STATE ENGIXECFRING EAPERIMENT STATION
Atlanta, (eorgia

UNCLASSIFIED

PROOREZS REPORT NO. 23

PROJVCT EO. 1h1-6L

CABLZ DEVELOPMENT
BY
WARD H. SACHS, JR.

-0 > 0 =0 =0 =
CUNTRACT NO. NObs-L7Lhil
INDEX NO. HS-L10100
BUREAU UF SHIFS, BRANCH 620
LEPAKTHENT OF THE NAVY
R B BT < B Y

#ARCK 31, 1951

UNCLASSIFIED






Prograss Report No. 23i Project No. 1l1-6L

I. SUMMARY UNCLASS‘F\E‘

Units for approximately 600 feet of a required 1500 fest of explosive
streamers have been asssmbled for tests at the U.S. Navy line Ucuntermeasure
Station and Charleston Naval Shipyard.

“xplosion tests underway of he@-goot streamers nave resulted in modifi-
cation of the yoke casting to increase its strength. Explosion teste of strea-
mer units assembled with the modified yokes show the yokes to have sufficient
strength to prevent breakage by routine handling, as well as by the explosion
of sdjacent units. The rubber jacket of the tow cable used in the explosion
tests was shown to be very poorly bonded‘to the steel cable.

Preliminary discussions have been held with Kaval Ordnance lLaboratory
persomnel relative to the design of 2 mechanlieal detonator-safe mechanism

for use in the explosive gtreamer.
IT. INTRODUCTION

n February 5 and 6, 1951, a conference was held at the Bureau of Ships
between rnpreaentativas of Georgla Tech, Charlseston Haval Shipyard, the Havy
¥ine Countermeasures Station (USNMCS), the Bureau of Ordnance, the Naval
Ordnance Laboratory (NOL) and tha Bureau of Ships Code 620. The purpose of
the conference was to review progress in the development of the Georgia Tech
explcsive streamer, tc discuss minor design modifications, and to plan Tor the
production of streamers which would be regquired for test purposes.

Anticipated streamer requirements for test purposes during ¥arch and
April are aprroximately 1500 feet. Units for a total of 900 feet of streamer
were reguested for use at USNECS. 600 feet of streamer will be required for
tests at the Charleston Naval Shipyard.

+ UNCLASSIruD
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The month of Fabruary was spent in the productiocn of streamer units to
meet the above requirements. Details of the production work were not con-
sidered to be of sufficlent importance to warrant preparation of a formal
monthly report. The present report therefore covers the pariod from Feb-

ruary 1 te karch 31, 1951,
ITI. EIVERIENTAL WORK

On March 6, 1951, the first explosion tests of a L00-foot streamer were
carried out underway at the USNKCS. The purpose of the tests was to determine
-the affect of the detonation of an explosive section upon the tow cable and
upon the units forward and aft of the expended unit. The L0O-foot streamer
consiated of 16 float-explosive tube assemblies with their spacer sections.
The three assemblies on the after end of the streamer were loaded with cast
HBX-1, Three units in the center of the streamer were alsc loaded with ex-
plosive. The balance of the float-explosive tube assemblies were ballasted
with concrete so that they possessed moderate positive buoyaney. Spacer
sections forward and aft of the explosive-loaded units were loaded with prima-
cord for blowing the spacers from the cable. 5tainless stesl thrust bearings
separated adjacent spacer tubes. The tow cable was a 5/16-~1nch &x1y IVRC wire
rope which had been rutber-coated by the B.F. Goodrich Company. The streamer
was towed at a speed of about nine knots from the stern of the towlng vessel
with a paravane depth setting of 30 feet. Ths paravane was towad approximately
200 feet from the ship. 600 g;et of tow cable were used with the streamer.

The explosive chérgas were [ired electrically by a system devised by
personnel of the USNEC3. An alternating potentlal was applied to the tow

cable, the cable serving as the primary winding of a transformer. Flectric

detonator leads were connected to the secondary winding of the transformer

o UMCLASSIFIED
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which was housed in the hud of the yoke of the explosive-loaded streamer units.

The yokes used in the [loat-sxplosiwve tube assemblies for tuese tests were of
tre design shown in Figure 1.

Tre firat unit "ired was the assembly immediately forward of the unit on
the after end of the streamer. Jith the exeeption of the transformer for
firing the detonators, thz [loat assembly as well as the spacer sections
{orward and aft of the asserbly weres blown clezar of the tow cable. The rub-
ber jacket of the cable wzs badly stripped. TInspectiorn of tha tow wire indi-
cated that the sheath was very poorly bonded to the cable. The cast aluminum
yokes ¢f the assemblles forward ard aft of the exploded unit were broken.

In the sacond test an explosive-~loaded assenbly near thes center of the
streamar was detanaéed. The explosive assenbly and spzser tubes were again
blown olear of the cable, but the power transformer remained. Tha poorly
bonded rubber jackel was again strijped and torn from the tow cable. Yokes
of the assemblies forward and aft of the explosive unit were broksn as in
the first test.

a8 a result of the yoks breskage in these tesgts, the pa Lern was modi-
fied in order to strengthen the weak sectlons where fractures had occurred.
Figure 2 shows a yoke casting of the revised design. The new yokes were utilized
in the assenbly of sxplosive units for further testing underway.

“n Uaren 23, 1951, explosion tests of a LO0-foot streamer wers carried
oat, at USNHCS to check the strength of ths revised yokes.

The yokes of the four assemblies at the after end of the strezmer were
of the new desiyn. Yokes cf the other assemblies in the streamer were of
the old type shown in Figure 1. This streamer was towsd dead astern‘cf the
towing vessel. & streamlined welght was used to obtain submergence of the
streamer. The tow cable was the same rubber-covered cable which had been

used in the March 6 tests.
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The third unit from the after end of the streazer was detonated in the

first of two explosicns. The power transf{ormer was the only part of the
25gfoot agssembly which was not blcown froa the cable. The rubver sheath
on the cable was stripped and torn as in the previous tests. HNone of the
yokes in the streamer was damaged.

The second unit [rom the after end of the streamer was detonated for
the secund test. Hone of the yokes was damaged. One of the spacer sections
failed to clear the cable when the primacord did not detonate. It is be-
lieved tuat this failure was & result of a cut in the plastic coating which
permitted entry of water and resulting desensitization of the explogive in the
primacord.

Results of the tests described indicate that the yokes of the latest
design (Figure ¢, have suflicient strength to prevent breakage during
normal bandling, a3 well as breakage by explosion of the streamer units in
adjacent positions. TYokes of this design will be used in assembling streamers

for charleston and the balance of the streamers Lo be sent to USNMCS.
IV, STRWAMER COMPOWERTS

A. Tow Cable

Une thousand feet of 5/lé-inch 6x1Y rubber-covered wire rope have been
received from the 8.F. Goodrich Company since the tests described above were
made. Tne adhesion of the rubber sheath to the cable in this particular
sample appears to be extremely good. This length of cable is scheduled
for shipment to Charleston with streamer units for launching and towing
tests. |

Five thousand feet of copper-cored wire rope nave been ordersd from

the American Steel and ire Company for delivery about 4pril 15, 1%%l.
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This cable will be rubber-coated by the B.F. Joodrich Company

3. Floats

To date the most satisfactory protective coating for the wood floats
of the explosive streamer has been rubber. After 1/1¢-inch thick tread gum
rubter had been successfully applied to short test saﬁples, a stean autoa.
clave was éonstructed in which the l2-foot floats could be cured. The present
method of waterproofing the units is to wrap the float with the tread gum sheet,
the float is then placed in the autocléve and the rubber is cured at a tempera-
ture of about 3000F.

Soft spots of partially cured rubber were found on some of the first
floats covered in this mamer. The soft rubber was scraped off in some cases
during the handling incident to the explesion tests described in this report.
It is belisved that this difficulty can be overcome in thre curins precess.

Tests are being undertaken to determine the most effective means of

sealing the interfaces betwsen thre ends of the floats and the metallic com-

ponents which must be attached to tham.

C. Detonator Safety Ievice

“n larch 20, 1951, iessrs. Aller V. [ietemann and Cnarles 4. Zorcuer of
the Maval Trdnance lavoratory visited TGeorgia Tecn to Jiscussy general safety
features which wust be considered in the explosive streamer design. The
design of & meccanic:l detonator-safe feature Jor the explosive truin was
discussed. 4 system asctuated by a pressure sensitive metallic bellows was
propesed by Teorgla Tech. An unusual feature of the arrangement is that
the bellows would be [illed with liquid to prevent dasage by underwatsr sx-
rlesions. The facilities at Georgla Tech were olflered for the development

of the ideaz either under the present contract or undsr a separate contract
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with the Bureau of Ordnance. It is understood that the H0L representatives
%ill make recommendations which will form the basis for action to initiate

the development work.
V. PTAMS PO TOUPDIATE FPUTLR L

The production of streamers for use in proposed tests at Charleston and
USHNMCS will be continued. Detail and assembly drawings of astreamer components

#11]l be forwarded to the Bureau.

Respectfully submitted:

Ward H. Sachs, Jr.,
rroject Director

Sevrirmavrart s P

Ceralet A. Rosselot, Lirector,
. State Engineerine Experiment Station
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I. OSULKARY

During April and May components for 900 fest of astreamer were delivered
to Naval activities for use in launching and towing tests.

Work has been started on the design of an arming device for the ex~
plosive streamsr. The development has been undertaken by Georgia Tech
under technical supervision of the Naval Ordnance lLaboratory. Tests in
which the proposed actuating mechanism, & fluid-filled metallic bellows,
was exposed to underwater explosion of 50 pounds of cast HBX-1 indicated
that use of this mechanism is feasible with respect t¢ resistance to demage
by nearby explosions.

Tow cabls design has been discussed with enginecers of several cable
manufacturers. Nylon covered cables and cables having rubber coverings

reinforced with textile and glass fibers are being procured for test.
IT. FROGRESS

A, Production of Stresmer Assemblises

Production of streamer components wae continued throughout April and
May. On april 26, 1951, float-explosive tube (dummy) assemblies and buffer
sections for 600 feet of streamer, together with thrust bearings and 1000
fest of tow cable, were delivered to the Charleston Naval Shipysrd. These
units are to be used in launching and towing tests scheduled for early June.
Yokes, floats and buffer ssctions for 300 feet of stresamer were delivered
to the USNMCS on kay 21, 1951. Hlectronic components will be mounted in

yolkes of thase units for testing by USKHCS personnel.

B. Arming Device, EH-6A

In order that components of the explosive streamer may comply with
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cartain safety requirements specified by the bBureau of Ordnance, it will be

necessary to incorporate an out-~of-line detonator safety device in the ex~
plosive train of the assembly. UGeorgis Tech has agresd to undertake the
development of such a device under technical supervision of ths Naval Ord-
nance lLaboratory (HOL). Genreral spacificaticns for the aming device were
discussed at a conference at [OL attended by representatives from the Bursau
of Ships (Code 520), HOL and Ceorgia Tech.

In the device which 1s proposed by lGeorgla Tech, the forces required
for actuating the mechanism will be produced by a combination of a com-
pression spring and a metallic bellows., In order to praevent damage by
naarby underwater explosions, a quantity of fluld will be sealsd within
the bsllows so that, when conpressed to the armed position, the bellows
will be completely filled. The compression spring opposing the bellows will
be of sufficient strength to expand the ballows at water depthis less than
those at which the device is required to arm.

In order to observe the effect of underwater explcsions upon com~
pletely filled bellows, an explosion test was carried out at Lake Arabila
in which seversl water-Iilled bellows were exposed to the presaure re-
sultinz from the underwater detonation of a 50-pound charge of cast HBXK-1l.
The charge was suspended at a depth of approximately 10 feet in 1t feet of
water and the test specimens were placed at horizontal distances of about
12 and 17 feet from the charge. The bellows were housed in 2-1/2-inch
pipe nipples which were capped at one end. The nipples were water-filled
and a rubber dlaphragm was placed over the other end. The bellows were
approximately 1-1/2 inches in diameter, 1-1/2 inches long and had 12
active corrugations. The material was brass about 0.008 ineh thick.
“xplosion of the charge caused no apparent demage to the water-filled

bellows,
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Two samples of nylon covered wire rope are being procured from Lsniel-

son Manufacturing Company for testing.
ITI. PLANS POR DTMMEDIATE FUTUBE

Production of streamer units will be continued. A preliminary design
of the arming device will be submitted to representatives of NOL for comment
and approval.

The nylon covered wire rope manufactured by the Danielson Company w#ill
be subjesctad ht,o explogion tests at lake Arabia.

Respectf{ully submitted:

Ward H. Sachs, Jr.,
Pr.ject Director

Approved: \ v

Gerald A. Rosselot, Dirsctor
State Engineeriny Experiment Station
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Components for 400 feet of dusamy explosive streamers were produced
during the month of June.

Georgls Tech representatives conferred with B.F. loodrich personnsl
with reference to improved methods for water-proofing streamer {loats and
buffer tube fillers.

A sample of nylon covered wire rope was badly out by one of the yoke
castings in an explosion test at Lake Arabia.

II. PROCRESS

A. Production of Streamer Components

. Production of streamer components was continued during June. Yoke
castings, floats and buffer assemblies for L)) feet of streamer waere pro-
duced during the month. Units will be delivered to USHECS, Penama City,
Florida, to replace components which have been lost or damaged during pre-
vious tests.

8. Streamer Components

1. Floats

Georgia Tech representatives visited the B.F. (Joodrigh Company,
Akron, Ohie, on June 21, 1951, to discuss the water-proofing of the streamer
floats and the buffer tube wood fillers. Although the vulcanized tread gum
mmmy being used as the float covering appara. to be satisfactory, a
mors economical method of water-procfing was sought. Furthermore, the tread
stock covering does not sppear to be an economical solution for the water-
proofing of the buffer tube fillers. Georgia Tech has nade arrangements to
aend threes full-slize floats to the Uoodrich plant to be covered with a heat
sealing Hycar stock. In addition, several buffer tube fillers have bsen
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sent to imeriocan Ancde, Inc., a subsidiary of B.F. Coodrich, for an at-

tempt to cover the woeod fillers by a dipping proceas.
2. Tow Cable

The B.F. Goodrich Company has completed processing a sample of
cable which they covered with a GHS stock. The GRS stock is not as tough
and has lowsr cutting and tearing resistance than previous stocks used in
tests but the adhesion is beliasved to be much superior. The sampie will be
explosion-tested af Lake Arabia when received. Goodrioh has procured some
nylon cord which will bDe used in production of & cibla having a nylon braid
" imbedded in the rubber covering.

A 5/16-inch 7x1Y wire rope covered to a nominal 1/2-inch dismeter with
an extruded nylon jacket was subjected to exploslon tests at Lake Arabila
in order to detersine the resistince of ths govering to damage by detona-
tion of a streamer exylosive assembly. The covering sustained two bad cuts
at one end of the float-explosive assembly. The cuts were approximately
ten inches apart (yoke hub lsngth). One cut was on top of the cable and
the other was on the bottom. These results would appear to indicate that
the difference in initlation delay of the two detonators utilized in the
test was large enough that the main explosive charge was initlated at one
end only. Consequently the longitudinal force of the detonating charge
was exarted on the yoke casting where the cable damage occurred before the
yoke was disintegruted by the primscord threaded through the yoke web.

Damage to the nylon covered cable was reduced in the next test by
cementing rubber pads in the yoke hubs at the points where the cable came
in cﬁnﬁaeh with the yoke. In the previocus tests the cable had been pro-
tected at these polints by rubter ushings which fitted rather loosely in
the yoke hub. It is doubtful that these loose bushings had remained in

-
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first castings aill .= ready for testin: about —cteber &, 1951,

T: date, none of the cables which have bsen exposed to exilosion
tsst3 at 83z can be considered as satisfactory tow cables for the ax-
plosive streaner, becuuse large areas of bare stesl cable were siposed
when the fubbar ingsulatlon wus torn away during the ies&s. The current
wodifications in the youke dssizn to permit retontlon of the powsr itrans-
former on the tow cable should reiuce the dumage to the cable covering.
Howaver, in view ¢f ths difficulties experienced in the past in connection
w#ith cable performance, it was‘believwd desirable to investigate an in-
dapendant scurce of eleciricil power lor sach explosive assembly. ne -
possible scurce of power for the detector-actuator uwnits in each assaembly
would be a generatur driven by a small water turbina. The generator
and turbine could be housed in the large, forward ogive of esach explusive
assembly. Utiiigation ol such power source would eliminate the negassity
o insulating the tow cable and would solvé other problems asscciated
#with & current-carrying tow wire.

During a conference at the Bureau of Shirs, Code 320, it was proposed
that the feasibility of developing a hydraullc gensrator system [or usze
with the streaser units be investigated. Verbal approval was granted By
the Bureau to carry on the work concurrently with the cable development.
Iﬁ #as agreed that Oeorgia Tech would procure the water turbine and that
tha U.3. Navy Yine Countermeasure Station (USN4CS) would provide a genera-
tor with characteristics sultable for testing the output of the turbine.
Georgla Tech has placed s purchase order with the James lLeffel Company,
Springfield, Ubic for an experimentsl turbine unit which will be utilized
in determining available power and nolse characteristics of the proposed

systaome
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cord is shown in Figure l. In the {inal AMQLMLEIED not

be exposed as shown in the figure, but will be protected by & metallic
disc. The end plugs in thoe hub of the yokes were lined with ruboer
mushings to protect tha tow cable. Frimacord~losded spacer tubas ap-
proximately three {est long were placed asgainst the outer face of each
yoke. The main explosive charge consisted of 51 pounds of cast HBX-Z.
Detonation of the explogive units cleared the cable of all stroamer
components except the yoke hubs. The cable covering was severely cut at
the ends of the yoke hubs, since the rubber bushings afforded no protec-
tion to the cablas.

n Getober 17 a similar test was conducted. However, the holes in
ths steal end plugs for the ycke hubs nz;e not rubber-lined for this test.
Instead, the cable rested directly against the swootlily {inished stesl.
The entrances %0 the holes were rounded so that no sharp edges would
contact the cable.

Very slignt deumage was inflicted upon the cable in the vicinity of
the yokes when the charge was detonated. The nylon basket-weave jacket
was {rayed near the center of the unit where ths cable had apparently
bsen thrown against the wood float. The nylon Jacket was also frayed
at the points wherse the split end plugs of the spacer sections wers

located. Thess defecta were not considered tu be ssrious.

B. Yoke Design

On October 25 a conference was beld at the Bureau of Ships, Code 520
to discuss the design of the aluminum yokes. Fersonnel from USNMCS and
Georgia Tech were present. It was reported that attempts to waterproof

the electronic components of the detector-actuator units by use of a

4
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construction similar to the gample mentioned above. Tentative specifi-
cations are as follows:

#10 A.%.G. Stranded copper core.

1/32-inch wall rubber.

6x7 wire rope atranding, each wire rubber coversd.

Rubber cewent impregnation between strands and around
central core.

Sylon basket weave braid.

Rubber Jjacket.

Ultizate at.rength. 12, 30-15 000 pounds
Heminal . D. 5/8 ineh.

At & subsequert meeting on Ugtober 31, at the B.F. Gocdrich plant
in Akrom, Ohioc, kr. laguillon estimated delivery of four 150-foot
lengths of the cable in January, if no unforssen difficulties wers wet.

In addition to the samples mentioned abowe, an ordsr h:s boen placed
with Goodrich for 800 feet of rubber covered czdble having & nylon braid
imbedded in the rubber jacket. It is thought that the additional rube
ber outside the nylon will reduce the damage to the cuble observed in
the exploasion tests conducted in Jotober.

Two samples of rubber coversd cables will be received from the

Amarican Stesi and #ire Company about Nowamber 12.

C. gxperimental Turbine

On Ootober 30, 1951, & visit was made to the James Leffel Company,
Springfield, Ohio. Frogress of the work on the construction of ths ex-
perimental turbine was reviswed. All patterns have been completed, and
all necessary materials are on hand. It was expected that four to six
weeks more work would be required to complete the unit.

e UNCLASSIFIED
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Test sections simulating the ceavity in the large ogive of the cast
alupinuxn yoke will be tested for explosion resistance and water-tightness.
Tre American Steel and ¥Wire Company tow cable will be explosion
tested and orders will be placed for tow cable required for life and

prototyps tests.
Respectfully submitted,

dard H. Sachs, Jr.,
Froject Dirsctor

Approved: P \ PR

Gerald a. Hosselot, Director
State Enginssring Experiment Station
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