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AEY~TN1 srR Ar 1’ E INFO RMATION

Ret: (a) N1 .A PLS CII ~N LAB Program Summary dated 1 May i96~, SF Ofll—03-20 ,
Task 6 3~~ . (C~rif.’~

(b) N A V AF L~3C 1r ,~N LAp Project 930O—~~, Technical Memorandum 1 of h Sep t. 19t~1~.(c) NA’!APISCI }
~~LAB Proj ect 91j OO—c3, 1’ec}rnical Memorandum A of 17 Dec . l9~~.(d) N AV AP L~3Ci E~ LAB Ltr 9l4E0:RJF, Lab . Project 9300-~l4 of 1J4 May l96~ to

NAV ~r,i f R9) UN BLAB .

1. In accordance with the objectives set. forth in reference (a), The Naval
Applied Science Laboratory Is conduc ting a research program direc ted to the
dev elopment o~’ ~~nin~m width towli nos for large variable dep th sonar svsteras.
This ~~ irar d~~ presents an approach to the dev e1op~ent of s tretchable
insulated conductors and prelimir:irvw~~k on cable modules incorporating these
conductors .

A ( K N O~ L~ D~ME N ~

7. ~4ork was conducted under the ~‘eneral direction of Mr. i.~ . Thompson, Head,
~1ectric a1 Branch . fLe Bureau of Thi rs Program Man ager is Mr. D. Seganish,
Code l(i22.

~ IN TRODtJ CTION
\

3. A joint feasibility study of~~ariab1e depth sonar towlines having minimum
frontal area was made by this Lab4atory- and the Underwater Sound Laboratory-
as reported under reference (b). ‘The general desiFn concept for a minimum
width t.owline Is a t.anden arrangement of mechanical arid electrical cable
rne~hers in lieu of the present concen tric cable in which the s teel ar’or wires
surround the sheathed electrical conduc tor core. The tandem arrangement of
cable components requires an electric cable that will elongate when passing

S over variable depth sonar hoist de”ice sheaves and when stored on the cable
drwn....~ .~reliminary investigations on prototype c~ nplIant electric cables were
conducte~~by this Laboratory and results were reported under reference (c)
and (d). At. the present state of the art, there are two applicable electric
cable designs tha t. will prov i de compliancy. One is a sinusoidal configuration
of  insulated ribbon conductors having PslackP cable fbr elonga~ion and the
other is a straight cable in which both the conductor and insulation stretch. ~Z1~This latter design is considered more suitable forthe Applied Science Laborato~ycontinuous elastic fai red towline under development, as described in reference
(b) .
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APPF~) ACI1

IL . Exreri~~ntal stre tchable ins .la ted conduc tors were procured to determine
the feasibility of designs. ‘me sample material consisted of two general ~pes.
~ne constructio’-~ both in MG •~fr20 and A~G #lI~ sizes, was an eiastomeric corewith braided conductor and insulation e,(t.ruded over all. The s econd construction
in AWG #20 size was su’ithr except that the conductor ~as applied in the form
of a helix over the elastomeri c core . A d~,tailed description of these conductorsis given in Table 1. These conductors were also used In the fabrication of
experiment~l hand made cable ‘“odules with the objective of gaining information
to provide technical guidance in concurrent development contacts on compliant
cables being negotiated.

RRS(JLTS

~~. Results of eviluations on ~he conductor s were as follows:

I ~c 5r’ i c~ I e u u i  e”( nts

~ ~‘2O ~
ed ~or ’ved ;~r ii  dec

I ri~ I t  i I ‘ t , .— . ‘ ‘3 ) 1 1 ~
~~ L’ 5 • 1 ~Uli 5” — L .  I~ J 1 :~ 

S

I ri5i ~ e~~u. ce — p / t . 0.13 O.2 .
Conductor Uesistan~e- Ohms/10’l() F1 . -Relaxed (Nc~ Stretched ) 29.8 19.20

Elongated I~Y 3l.c 19.20 6.20
Elongated ~‘(“~~ 32 .3 l9.2~ 6 .20
Elongated 1~F~ 32. ’ 19.2~Dielectr ic ~re k :~~n V o L t a i ~e~ — I~ IL.’ , 9,1 8 ,7 12.6

i~Measurements made after ~ne hour in”er~~on in eit.er i t  27°C.
Va t e~ I . J tIS I~ Lion resistance meisured ~t 2~~ “olL~ I).C.

~~. Capacitance and induc Lance measured ~~t ~ ‘~~ ‘~~ c.p.s.

The Chin e of ’ resist ance of’ the stretchable conductors ‘gas determined usin~the equipment shown in Figure 1. The aprara tus co nr~sts of’ a rrar moto r
operating it aporoxlmatelv 60 R.P.M. with two eccentric drive wheels wi th
provision for conductor elon~ation adjust~sent, a cvc]~e counter, a recorder w i th
a ca lihratin~ res istance decade for con tin~:ous1v monitoring resis tance charb’e
of the specimens and a mllliohmeter for precise resis tance measurements . The
monitoring instrumenta tion will detect resistance changes of’ one milliohm or
r ”ore . Uesult.s of measurement8 made on this equipment follow:
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Maximum Resis t.ance Change

AWU #20 Lur~ ide1 AWCJ #20 Served MG #1)4 Braided
L ’ t :  ~icfi :~s Milhiohms Mi1ii~hms

Cycles Relaxed St.retthed Cycles Relaxed Stretched Cycles Relaxed Stretched

6Soo -ii —9 5000 +1 +1 17600 - .1 - .1
17300 - 13 —11 10000 0 +1 35500 + .2
27000 —114 —12 17000 ‘2 +2 141700 + .3
146000 —1)4 —11 20500 42 +2 50000 4 .2

50CY)0 #2 +2

1. Cnin c of’ resistcince is based on or iginal measurement on uns tretched
Spe CTl’e f l .

2. ~c~~lts are resistance chanpes of 10 inch specimen e lon -ated 20
percent .

3. Initial decrease of resistance of bra ided conductors indicates
improvement of contact condtictlv itv between overlapping braid wires after some
stretching and relaxi ng.

S
t 14. Dissection and examination of specimens: MU ‘~/2O Braided (afte r 146,000

cyc les) — No defects in core , conductor or insula tion.

AWG #20 Serv ed (after 50,000 cycles) - A few broken s trands but no defect
in core or insula tion.

MC~ # 114 BraIded (after 50,000 cycles) — Nine broken strands but no defect
in core or insulatlc’n .

The force required to elongate the individual conductors was measured with
the following resu lts

Force — pounds
Elongation, A~U #20 AWG #1)4

Percent BraIded Served Braided

10 0.7 1.1 1.8
20 1.1 1.7 2.8
30 1,5 2.1 3.7
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cDN CLU SIONS

6. Conclusions, based on results of’ preliminary investigations, are as
follows:

a. Conductors, either braided or served on an elastomeric core with an
overall extruded insulation, are a feasible design for fabricating sqnare
or rectangular modules having the elongation required for minimum width VDS
towlines .

b The use o~’ stretchable conductors either braided or served will increase
cable capacitance 30 to ~0 percent. The inductance of the braided AWG #20
conductor is approximate ly equal to a s tandard strar~fed conductor of equal
size, as now beini~ used in concentric type armored VDS tow cabice; served
stretchable conductors increase the inductance by 7~ to 100 percent.

RECOM~S EN DA mIoNS

7. Although initial investigations reported in this memorandum demonstrate
the feasibilit y of stretchable conductors for VDS towline applications, the
increase in capacitance and inductance as repor ted herein should be given
careful consideration b’~’ the designers of VDS electronic gear to insure
compatibility. Information should be forwarded to this Laboratory concerning
the maximum line capacitance and inductance that can be tolerated. Unless
otherwise advised, this Laboratory will proceed on the assumption that the
values and the varia tions s tated herein can be tolerated.

F’UTURE ~3RK

1. As it is planned to later evaluate an assembly of stre tchable conductors S

in the fbrm of’ nodules within prototype continuous elastic f~irings, a fixture S

capable of vulcan4 zlng a sheath on cable modules up to 30 feet in length was
designed and an ‘~~era1l view of’ a 1 -foot section of this equip’-ent is shown
in Figure 2. The device consists of an adjustable size rectangular mold cavity
heated by a Continuous coil electric element and a mold compression bar .
Temperature controllers and recording equipment are included. A secti on of the
mold prepared for vulcanizing is photograp1~ical1y shown under Figure 3 and a
view of’ the vulcanized cable module belbre being removed frctn the mold is shown
in Figure 14. Since preliminary trials indicate that the non-continuous Laboratory
method shows promise in producing a true rectangular section sheathed module,
various sheath canpounds developed at this Laboratory will be evaluated to
determine optimum characteristics for towline environment.
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? . The stretchable co~:duc tors will be packaged i~ two or more -‘od- le of
reeL-In , ui -u ’ c r o s s  s ec t i -  n to fit .:it~’i’~~-i (‘airing cavi ty sI ’-Ilar to th~ t shown
in re ference (b). Ihe number o small conductors for each module will be equal
to simplify repair and repl-~cement . The common return conductor vill con~’ist of’
one module containing several parallel connected conductors to provide the
required circular nil area of’ copper. Life tests will be conduc ted on these
modules in the equipment shown under Figure ~ after optimum design has been
determined for the individual stretchable conductors. This equipment will also
permit an evaluation of the relative durabili ty of ,sodu]e sheath compounds .

7
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