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Lead 15 the most vermatile sheathing saterial ssplayed in the elsotrio cable in~

Being metallic, it is cepables of functicns unique to metals, but, in sdditice, its
paysioal charscteristics emabdle lsed axd its alloys to perform equelly well functions
spscifioc to flexible noo-metallic jacketing materisls. PFor smample, it may be reedily
bend-formed imto position and furthermore vith no spring-tack. Kor dces 1% shrink-
back at cuts, ss do some plastics. Splicing Yy viping is streight—forvard. Signifi-
cantly, lead sheathing is readily adapted to soocnomical reclaiming and revorking, being
the only cable ocmponent acceptabls to AZIC after stripping amd reapplying.

Bevertheless, as a result of the necessary sustained effart to achieve lover costs,
a mmber of altermtive cabls constructions have coms irto being vhich provide service
&t lssser expense than their leed sheathed counterparts.

Voltage-wise, 1sad is still the predomimnt abesthing material in the U.8. at 12
° to 15 kr. and above up to 69 Kv. However, at €69 Xv. and higher, altermtives dcxdimte,
and like trends are appearing in otber world areas.

1 Zven s0, the rete of growth of cable ussge in the vultage ranges vhare lsed pee~
doxinates bas beld desand high,

b Moreover, the successful dsvelcrment of the cortirnons leed press bas been partio-
ularly advantageous to the mamifacture of long lengths of submarine cable.

FIRCIIONS OF JETALLIC SHEATLS

The mstallic sheaths of slectrio cables mwt with fev exceptions bs non-megmetie
mmmmmnmumtmmmmmmqunm
processing and £1e14 handling.
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l.= Preclude irgress of moisture, and protect sgainst other delsterious en-
virommental factore.

.= The dlelectric properties of high voltage cabdls vith ofl-iwpregnated
gaper tape insulstion are directly depsndest upon freedom from moisture.

b~ Likevise, the trummission sfficlency of ccrsmurioations oabtle is ade
. versely affected ty moisture, vhether plastic or paper insulated.

2= Provids electrostatic and electromsgnetio shielding.

f.= A.C. capacitance charging curremt mist be drained to precinmde exvessive
surface voltages and coroma discharge, cthervise redioc interference
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ococurs a8 well as repid degreadation of cable irnsulations, culmirsting im
faults. 7This 1s & prime opsrating factor at 3 to 5 Xv, and above.

be= Protecticn from lightuing requires a lov resistance groundsd shield, ote
oha or lsss,

S.= 1lkevise, s lov ground loop-resistance 45 essertial to precinds critical
voltage duild-p and short-circuit on ocmsaniocation lines, genarsted by
elsctromagnetio fislds redisting eitder from muclsar disturbances or
from pover trunsmission aystenms (particular under power fauld comditioes).

3.= Afford en affective (low-inpedance, ccaxial) peatral return, 50 as $o assure
efficlent relay opsrwticn and svitching.

4.~ Mechariosl protecticn, during handling amd throughout service 1ife. .

@.= The metallis oovering must withstand, without fatigue, marbols berd or
1ike mction derived from lsngth-vise cabls expansion resulting from
texperature rise under current loading. BServioe life 13 20 to 40 yware,
with operating temperstures in the U.85. runging from a low of xims 40°C
to a Pigh of the erder of 1iD°C,

S.= Forml wvinding and handling ywii{ ustally imvolve strains buycod the
elastio limit; likewise, pericdically im servioce.

In order to sssure minterance of opareting funotion capability, mstallic coverings
have to be reasomsbly corrveion resistanmt, othervise ocrrosion protective jacketing is
required (vuloanised neoprens jackst, or sxtruded polyetiylens).

Lead sheathing msets all these required functiocns. Bowevsr, a mmber of faotors
(wirter salting of strests, de=ise of strestoars, and very beavy fault curremt duty
vith the growvth of large grounded systems leading to vulnersbility to indiscrisinad
arcing and sheath damage) bave mads jacksting of lsed sheathed cabls mandatory 1o many
of the mjor eitise.

AIBUAIIVES X0 13D

The alteraxtives ¢o lead are outlined in the following paregraphe, more or lses
chronclogically as they came imto being. :

Ixitially, lsed sheatiing was needed for all irsulations over the ocmplete voltage
rarge, becauss early rubber imsuixticus, like paper, also were affected dslsteriomly
iy exposure to moisture.

A~ NUEER A PIASIIC CANLER

Research 1ed £1rwt to the developmant of molsture resisting rubber cowpounds,
then to plastisc formulations even more reaistant, therehy elimimting the
Decessity of mcisture-proaf sheathing for these alasses of &islectirie

Fext, noo-metallie jackets, resistamt €0 all mmer of eovirommemtal eol=

diticns, cams into being, 8o that a ground vire sufficed for neutral retura
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Then, thin mstal tapes (0.0057%), wound helically over the ocabls insulstiom,
vere deamcostrated to provide azple slectrostatic ahielding, .

Thess developments bave hrought ruddber end plastic cmbles into geosrel uwie
up to 15 Zv. vith growing usage at 3.5 Kv., plus scme plonsering work with
Plastics et 69 and 138 Kv. .

Interestingly, lead ahesthing is being considsred at these higher voltagee
applicaticns of plastics for a varisty cf reasons, such as the possidbls
delstericus e«ffects of moisture absorption on servics life, to avoid structurel
and chexical problems (ahrink-back, plasticiser migreticn) associsted vith
Plastis jackets, and to afford a mcTe secure ground return.

As a result, loniassble voids can be tolsrsted at the lovar voltages, Wt ab
€69 Ky. and above they cannct, making void-fres or pressurised systems mecessary.

15 to 20 psig., pressure being minrtained by a systea of reservoire

cabls operutes at 200 spig. Uhils it vas developed about the seme
@Mmmm,nmm.—mm—m

the ground. Next, three single—conductor factory-wmde ocablss
the pipe, vhich then is £1lled with oil or nltrogen gas and mintained st the
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8pecial precautions, such & realing of the reel againet stacepheris moisture,
make it feasible to ship this of
tective lsed sbeath,

class
Without sheath, the cable is lighter, so longer lengths can be ahipped and :
Pulled, reducing the mmber of ocostly manholss and jolmts. k

The high pressure makes it possibls to feed long lines from a relatively in-
expensive puxping plant ard wvithout reoourse to stop-joints.

Furtbernore, there {s sufficiert clsarance in the fipe to permit oll eircw-
lation, tberehy elimirating hot-spots along the line amd incrsasing losd

The :d reslt s & nort eccomionl KV, and ELT. syrtes, approsching 2000 ]
cirouit xiles in the U.5., &t voltages imainding M5 Br ‘

ESADR (TTRUIAR) ALOMOEN SREATR

Extroded alunimm sheath has beooms availabls over the past decads, finding
use in the U.S8. primarily in ssrial paper cabls ubare the weight saving is
impoztant.

Tvo methods of mmfacture are in use, direct extrusion from the press omto &
cable occre, of separste extrusiom with the tubs laid out on a rummy to permit
draving in of the cahle oore, sixilar to pipe cable pructioce.

Conparatively extensive direct buried spplicetions of high valtage pressurised
(75 to 100 psig.) ccrrugsted slumirum sheath cable are bdeing made in Purope.
These depend upon the abscluts integrity of the ocorrvsion protective ooverings,
axmo,mmmnmmww.u«nmum
action,

Corrugation perxits essploymest of thimmer gage metal, so imzlanests cable
training and handling. On the octher band, it increases the overull dimmwter,
80 lirits applications vhers space 1a a factor, such as in condrit axd duot.

ERWNEDD WIAL STAXE

The latest develomment in the metal sheathing £isld i seam+mnlding. A wstal
tape 15 precision formsd about a cabls ocre, then butt-wmlied electrically,

followed by sither a sinking or a carrugwiing

This process may be adapted t0 a varisty of metals including oopper a8 wld
as aluximm and steal.
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ard polished with each change ¢ cabls sise.

0 Yortunately, oopper bearing lsad is a muet setisfuctary mterial, in the minis of
mny experts the best for cabls sbeathing, shether asrial, underground or submarins, se
DO really practiocal limitations bave arisen.

Rovever, with the increasing use of a varisty of screp supplise in refiming leed, ;
there is & measure of ocnoern lest sce unspecifisd alsment be retained and have & :
delaterions effect on produciion proceduree.

This 1s a most Luportamd comsiderstion in view of the groving tendsmay to undartake
long submarine A.C. apd D.0. interoonnections to allov poaling of reserve capacitys
armored, self-oontained (lsed sheathed) ceble deaign s virtually dictated to the awe
elnsion of other types.

trio strength wvhich say be achisved without resort to high preasures.

Leed should bdepefit from this vork, not ocaly becsuse sxpensive sheeth reinforoes
mot vill be avodced, bt also becanse of the eass and certainty vith which dependable, i
leak-free viped seals can be made on lead shexth oompured to closwxes on mcet altermate
constructions.

SORIIION

‘ Cenerally speaking, overall ccsts are a functiom of culdio ecomtent., Except for the i
lover voltages, lsad sheathsd Daper cable provides the mintumm dimensicos for a givea .
econductor sise, so minimm duct aise, and so forth. Aoccordingly, leed cabls should
contime to domimmte the urderground pover cabls markst in the voltage ranges from 10

to 60 Xv.

Likevise, as to submrine applicetions, incloding 138 Rvy. and higher A.C. vultages,
plus X.¥, D.C.

Bl of these areas are ageriencing stimnlstiom dus t0 the espbasis on underground

u and the increasing sttention to sevings through intercommwction.

Aerially, the spece factar or volume oontent is a lsse doximant factor. Rather, *
weight rules, and severul altaroatives other than lsad no doabt will remsis ia ocotrel
of this market. )




