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;&'pplicat_ion ﬁled' I?ebrual"y a7,
his i 1*”11Tenu1011 relates to submarine signal-
'mﬂ

10 object of the mvmtloﬁ 1S Lo Inerease the
U“Hl‘%lﬂl%‘%l@ﬁ efliciency Of submarine smnql—
g 5‘5})16,8 |

"i: ':i'; 23S0 ai ol}w;t oF me nvention to re-
{:fu ¢ the s increment of efie twe resistance of
a submarine signaling cable due o the Pres-
oiiee of u,rodﬁ mpe em:fﬁ{}} ed to protect in-
¢ sulation of the mble irom rav ages ot teredo

WO Lt: |
Lt s ﬁim"@ an ob]ect oY Hﬂe invention to Pro-

710e an {3111 tent return path Em stonaling enr-

Lo

rents 01 compar tmfely high f» equencies in a

15 gubn

I

arine cable. |
TH i customary to give protection against
teredo WOrms to ou:‘t% percha or Jﬂ*'e insula-
tion of portions Of A submarine signaling

cable ‘:*uw 1 shallow water by a pp,ﬁ me 11-—

ENT
o

,:eei] " upon the core a thin tape of copper
| with sufficient overlap to exclude
*.4;&31‘;-:@*:} TWOTINS. '

it hias bee 11 found thas when a cable is pro-

mm hot h LOICdO L le mzd (,Ontmuous

‘the

ﬁi’ﬁcie ney 1s- DCC sioned b“ﬂ' reason of the {act

~ tnab a considerable inerement in the ef fective
20 resistance of the cable can arvise from the
losses in the teredo tape, these losses result-
e rom currents, which for conve BICNCE AY

ne termed oddy 4"*1111‘*01:17[@j ﬂovmu 11 the tape

DHEITIe, ﬂce oi electromotive f
1 tho .-’._f,.lj_:::a by the varying ms ﬂnfme fux

in acecol r:hﬂce
Fee-

121N t1e cable.

Nols!
rrens {lowis
Vo L..J,tlezl this 1nerement of e

f'r - . .J" : "-‘
N AR L'}’ll:‘;}; 14

Live vesistance 1s mduced by emiﬂ@y,mﬂ A
A9 tape or Jike protective i tyer having high re-
gLt bnv Muu N accordance wi ﬂh thig 1n-
vention, {his Hui‘em{*htaf {ifT“C’{n* resista e
i rodiee dl} ICL Ommg the pitch or 1{311mLaf1
. lay of the tape, as for example hv 1ereasing
S8 1es widih, and insulati 115:1 adjacent turns of the
tape from dach other. TWhere the s stonaling
imvolves ireauencies Emﬁ{?iﬂr t1y high- to ren-

der o metallic return path for the S”’“ﬁ"l e

‘visable, in accordance with the inven 101
Ziothere1s provided such g return path compris-
'__J,-‘f_{‘ helieal conductors having high {’2011{.511@

R -]
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vty ‘Wfﬂ naving a large m ch or Teneth o

lay,

pa mu for any given amount of material in
path, or tends to enable reduction n Jle_

_0?’1{3 form of the mmﬂhcn
{:’} mag qniwmn 1'{}1 ces a9, iﬂaiurwl "’oai -a_,“i' '
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19286, Sexial o, 81,1¢

n accords wice with the invention thase
return eonauctors NAY

of the steel armor wires for the ca b].._,
by these armor wires will retain &
e{mdmfom on the cable and thus engble their
piteh to be made greater than would other-
Wise be o3 achmblﬂ . This long 1"!“;? tends to-
Wl ﬂ recdiuction of the resistance of thea “@hzm

where-

weight of the material in the return gmh Tor
any o1ven resistunce of the path. in the case
ioaded as mentioned above, this
1*’*1: also tends to reduce iosﬁes dwe to
T eurrents in Lho return path, these eddy
mmmtb 1*@9L1jtmf“ Trom ﬂiect (}mot' e Torees
sev up 1n the material of the ; return nath by
ihe VATYVING 1 1*’*4‘}1’1&%10 flux ereated in i:he load-
1ng mater ol ] ov the Swnalmn Current.

' futho objects and advants ges of the in-

vention will be apparent from the tollowing
d“smm 101 1n econnection with the accom-.

pany ing drawings wherein :

fig. 1 is an’ onlai ced cross-sectional view
of a wrmmrmﬂ signaling cable embodying
| "'1“".. 215 an enlarpec "‘”"GS%‘ sectional view of
o submarine ‘-“'I”’l dine eable embodying an-
@mm ‘F’m 'm of the nn"enhm*“ anc '
| 318 a lo wuuﬂumi elevation of a sec-
tion of the cable of g, 2 *mw pfmf: broken
away, this fignre being drawn fo a smaller
scale than e, 2. |
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1 the cablg comﬁ 18es & ceo
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cuctor §, a loading wire Or. tape surrm,md'—
1o the conductor 5, » layer of entt percha

2
I‘tg 3 _T”lﬂ
niilimeters
1wling ma-

like msﬂmmﬂ gwmmbiv h
thickmess of from mm to Sm"ez
1 '“(“111&11’14@ the

terial 7, o teredo ‘eL‘tpe Elﬁﬂl‘l‘fm 11 Ine the in-
sulation O, and o'laver of | elical steel armor
WITES L_a embeds ____{ii__L jute 15 and surzounding
fm*mo tape 11 :;*431{:-1‘;' the core 17 constituted by

.[P”IEGJJL:‘J ?_}-; (

ictape 19 and impre egnated
1ve eompound. n1s tape
"‘11“‘*’“}(} o wrotecting the
e cabie more fexible by
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The central conductor consists of a central

" strand 21 surrounded by a . plurality of

~ permeability at

10
'~ The construction and advantages of such a.
- loaded cable conductor are

15

- sulation

- portion of the core that I

20

1926, G. W.

strands 23 of such shape as to give the com-

: fositeconductor a smooth ‘cylindrical sur-
‘a helical

ace. The loading member 7 1s |
wrapping of magnetic material having high
Jow magnetizing forces and
‘having high resistivity. Preferably thistape
or wire is one of.a certain group of alloys
consisting principally = of nickel and iron.

ded described in U..S.
patents to O. K. Buckley 1,586,874, June 1,
192t _ Elmen 1,586,884, June 1, 1920,
and O. E. Buckley 1,486,563, March 18, 1924.
" The teredo tape 11, for protecting the 1n-
9 from the attacks of the teredo
s .a helical wrapping surrounding a
es in neighborhoods
found.  The length

Jyorm, 1

where the teredo worn: 1s

" of the core that is supplied-with teredo tape

t

35

40

60
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 in water of a de ,
 oms. It is found that the teredo wormi does

30_*f0rmed by the tape. For reasons

" rial ‘having high resistiv
nichronie,

. pese-aluminum).

- Buckley, 1,

-a tape or wire of magnetic mater
helically on the

- single loops

consists of the portion of the cable that lies
pth less than about 100 fath-
not ordinarily operate in depths greater than
‘this. The teredo tape 1s wound on the core
with sufficient overlap of the adjacent turns
to insure against gaps in the metallic layer
explained
referably of mate-
ity, for example,
Driver-Harris 193 alloy (nickel-
or Therlo (copper-manga-

These alloys have 'resis-
and also

‘bereinafter, this tape 1s D

iron-chromium),

times that of brass,

' -

tivity of b to 10
resist corrosion,
use. in- sea-water. The teredo tape may- be
of the order of .004"" thick, and, for reasons
explained hereinafter, 1ts pitch or length of
lay is pre erably. substantially as great as 1t
can be made without undue risk of injury to
the insulating material of the core. In gen-
eral the width of the teredo tape may be three
times the diameter of the core, so that for a
core about 1/2 inch in diameter, the width of
the tape is preferably about 1-1/2 inches.

~ As has been shown in U.'S. patent to 0. L.
586,962, June 1, 1926, in. the case
of a conductor which is loaded by means of

conductor as described above,
the lines of magnetic induction produced by
current in the conductor tend to follow the
helical path afforded by the tape < |
this tendency being greater the higher the
permeability of the loading material. That
1¢, the lines of magnetic induction are not

around the conductor, but have
the form of a helix which
ber of turns around the conductor 1n one turn
of the loading tape betore crossing an air gap
to an adjacent turn of the loading tape, the
pitch of the helix of the lines of induction
being slightly less than the pitch of the tape,
<o that a line of induction follows the tape

-

so that they are suitable for

Ly

al wound

or wire,

takes a large num-

1,700,476

for, say, twenty
‘then - reaches the . rear edge of the tape
and jumps backward across the small air
¥ap fo the adjacent turn and continues fol-
0

sense for another twenty turms, then again
slips back across an air gap and continues fol-
lowing the tape in a spiral path leading
torwardly, ete. . (If the loading tape were
gtrictly uniform and continuous from one end
of the cable to the other and 1t
ried a steady, direct current and ‘were not

subject to the effect of the earth’s field, the

turns around the conductor,

wing the tape in the original direction and ’

70

5

the cable car: -,

Tines of induction would. be continuous from

one .end of the cable to the other.) Tthere
~exists, therefore,
component of the magnetic induction parallel
" to the axis of the conductor, which may be

80

in the loading material a

termed the longitudinal or axial component

~of the induction, this component being ap-
proximately proportional to the permeability
and to the thickness of the loading material.
Tt is also dependent upon the angle of
the loading tape or.wire. . All other
“tions being the same, the component of mag-
netic induction parallel to the axis of the con-
~ ductor will be greater the
of the loading material.
currents flow in the cable conductor 5, electro-
motive
~layer of the teredo tape

greater the width’
When the signal

force will be set up in the helical.
11 surrounding the

lay of
condi-

90

conductor, which is proportional to the

‘time rate of change of the axial

‘electromotive force causes a current to flow
in the tape, and the energy. losses resulting
from this current

_ or longitudi-
nal componerit of magnetic-induction. This

flow are taken from the

100

~energy of the signaling current in the con- =

ducter. | _ _
teredo tape give rise to an increment in the
effective resistance of the cable conductor.

-~ This resistance increment can be shown to-
~be proportional to the square of the frequency

_of the sinusoidal current, and to vary inverse-
with the thickness and resistivity of the
feredo itape, and to fall off rapidly as the

~pitch or lay

“actual wire and tape Joaded conductors

In other words, the losses in the

105

110

of the teredo tape is increased,
provided that.its ad] acent turns are insulated. =~
Tt has been found from measurements of
for

116

submarine cables that at a frequency of 60

- eyeles per s
sistance due
smount to .1 ohm per mile. - In the case of a
fairly heavy telegraph cable, the effect of

this resistance increment 1s to increase the

econd, the increase in cffective re-
to ordinary brassieredo tape may -

120

attenuation constant_of: the taped sections

%. For cables of lighter
weight than this, the effect on the attenua-
Con constant will be less, since the resistance
of the central conductor 1s higher. The et-
fect is not very serious in
telegraph cable, since the frequency of signal-

“ing 1s low and or

of the cable is comparatively

by as much as 3

only a small

the case of a long

R
ot 1

dinarily the taped portion
130



11,700,478

| fl d(,thIl of thL total cable lenn'th I‘or a tele-

phone cable where the 510']:1{111110“ fr(.,quency 1S

- comparatively high and the cable is taped for

- a large iractwn’ of its length, the effect 1is

b,

10

more serious. -In - cither case the m wmtude

“of the resistance increment due to the elec-
‘tromotive -forces induced in the teredo tape,
~can be reduced by using in place of the cus-

tomary brass tape, as described above. suit-

‘lble material such as nichr ome, Driver-Har-

ris 193 all{)V or Therlo. Asg nmed above,

these alloys have resistivity of 5 to 10 times
that of brass, and the currents due to the elec-
tromotive forces set up in the teredo tape are
proportionately less, as are also the corre-

- sponding values of 1‘8818t‘11106 merement 1n

30

the cabl{, concductor.

It is also of advantage to Increase the lay

_of the teredo tfme by increasing its width to,
1or instance, a Value of the 01(1{*1 of Lluee

times the diameter of the.core, and io insulate
adjacent turns of the tape, especially where
they overlap. This 1115111&*5103* she vn at 12,

Fig. 3, may be effected by providing the ter odlo
...tape with an insulating cover of oxide, for
cxample, or by ﬂpplymt’r to 1t an 1115111;11[111#_

compound at the time it is being served on
the core.  In thisway the resistance afforded
by the tape to the inducing -electromotive
force is increased, since the current is caused
to flow in the direction of the tape rather than
in the shorter direction in a plane at right
angles to the central conductor, which is the

-‘d1rﬂct1011 of the inducing electromotive force.

Even where brass tape 15 used, this is of acl-

Vanta,rre ~
Althourrh 1t has already been found of ad-

vantige, so far as transmlsw on of high fre-

~ quencies through a submarine cable is con-

40

1923, entitled

cerned, to Turnish the cable with a return con-
ductor consisting of a copper sheath made of
tape wound hellcally around the core, never-

theless, as pointed out in my copending appll—
cation, Serial No. 680,170, ﬁled Decen aber 1
Submarine ¢ables, it is found

- that this method is not PI: actical for low fre-

|

— e

0o

. %]Stflllﬁe "Wltheut the capper

“this condition would

“quencies, for instance, frequencies of a range
from zero to 100 cycles per second. For, un-

less the 1*e51stance of the sheath alone 1s com-
parable i magnitude with the sea-water re-
w%h the It)(HII]

-----

the eoppel ,shmth

ing action of the sheath is such as to confine

5 to the sheath the greater part of the return

current. "In the range of frequencies from
zero to 100 c¢ycles per second with cables such
aS are now In use for transoceanic operation,
require suech a 131‘{10
amount of copper in the sheath that the cost

=

—

and wemht of the cable would be increased
beyonda practzca.l limits.
therefore proposes to decrease the sea-return
resistance for the signaling frequency range
just mmtmned and, In some instances, much

be of such high resistivity material.

erence characters.

'lhlfs is becatige ﬂle sereen-

That application

i |

111;1'11@1‘ fr equencms by employm n placa of
the usual steel armor wires for the cable,

example, nickel Stecl chromlum steel
Krupp steel. -
“Where the cable of I ig. 1is to be emplwed

for signaling frequemzles of the range just

mehtloned its armor wires may, accor dmn*ly,

the eable is loaded as in the case of the cable
of Fig. 1. the high resistivity of the armor

wu*ez-s has the additional advantage of reduc-

ing eddy current losses produced in the armor

wires by the flux in the loading material.in
‘the same manner in which that flux produces

ey current losses in the terado tape.
Fig. 2 shows a cable similar to that of Fig.
1 but-having a metallic return path for awnql-

3

Where

armor wires of hwh resistivity maternl for
or -

10

80

mg currents, the return path comprising ma- -

terial of high . electrical conduatwfr}z COMI-

pared to that of steel. Ideatical elements in
the two heures are indicated by the same ref-

1s constituted by a layer of helical copper
wires 31 or strips embedded in the JT(} 15 and
lving between fhe stecl armor wires 13 and the
teredo tape 11 and surrounding he core 1%

and tape 11. This return path is especially

useful where the cable is to be emploved for
transmitting fairly high frequencies, for in-
stance, frequencies of the voice 1 ange or sone-
what hlnher Thewire conductors 81 may be

111(11?1{“11131117 wrapped with tape 19 as in the
The eddy current

se of the armor wires 13.
loqses produced in the return conductors 31
bv the fiux in the loading m aterial in the man-

r in which such losses are produced in the

The metallic veturn path

20

100

er odo tape by that flux, will not be unduly -

large because the conducmrs o1 are insulated
from each other and are given a long lay, for

example, a pitch of the order of three teet, so

ﬂmt the currents produced in these conductors
by the axial component of the magnetic flux
in the loading material are forced to traverse
a. long path. “The lenoth of this path is also
clue partly to the fact that the conductors 31

1035

110

are spaced a considerable distance from the -

teredo tape 11, thus making the diameter of
the helix of wires 31 large, and also in creasing
the maximum pel'nmfﬂl}]n length of lavy of the
wires 31. AS shown in Fig, 3, the pitch of the
conductors 31 is greater
armor wires 13. Tt is possible to give the con-
cluctors 81 this O*rmtel pitch even where the
pitch of the armor wires 13 is substantially
the maximum value permissible, since the
wires 31 are prevented from falling off the
cable by the wires 13. The long pltch ot con-
ductors 31 also has the advantage that it in-
creases the efficiency of the copper return path
as a longitudinal conductor. On this account

the conductors 81 may contain approximately

20% less copper than would be necessary. for
a given resistance of return conductor, if the

refurn conductor were in the form of a helical

hm that of the steel

115

120

130
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 tapelaid on ~_the core. “With such a tape it is
" necessary to use a-comparatively short lay in

10

“tance. - It is pointed out in iny copending ap-
" plication, Serial No. 585,619, filed September .

order to avoid injury to the insulating ma-
terial of the core. . - S |

‘Where desired, for instance where the cable
-1s to transmit frequencies.so high that loading
- is impracticable or inadvisable, the loading

material may be omitted from the cable of

Fig. 2, the spacing of the return eonductors

from the central conductor being made sut-
ficient to give the cable the desired induc-

.1, 1922, entitled Submarine signaling cables,

15

that an unloaded cable with a concentric re-

~tively high efficiency for frequencies at which

30 Joaded cable with armor wires so provided
- - with copper to serve as CIT

 the cablé can well serve to transmit high-fre-
quencies. By making the pitch of the armor
- wires as great as is practicable, the efficiency

| 35 of the copper path-as a longitudinal return

40

50

~ view to have the width and the pitch of the
loading tape small, since, as noted above, the
component of magnetic induction parallel to.

. loading would be inadvisable on account of
C 20
. cur in the loading material.

the large eddy current losses which would oc-

- ]

Similarly, it desired, the loading material

may be omitted from the cable of Fig. 1,
‘where the frequencies to be transmitted by the
5" cable are high, and some or all of the armor -
wires 13 may then be composed of or indi-
~ vidually coated with or surrounded by cop-
- per. Itispdinted outin the ahove mentioned
application, Serial No. 585,619, that an un-

a return circuit for

conductor may be made large.

In another aspect the present invention. .
covers the use of a teredo layer having high-

permeability, as well as one or tnore of the
characteristics described -above as desirable
for teredo protection. In such cases the
Jayer will be constituted of material being

sufficiently permeable to act as additional in-

~ ductive loading which becomes more effective
as its spacing from the high conductivity

metallic return is decreased.’

~Although it 1s of advantage"frm‘n the Plbiﬂt

of view of eddy-~current losses to have the:
width and the pitch of the teredo tape large,

ot

it is-of advantage from the same point

e ——

the axis of the central conductor will be

oreater the greater the width and the pitch:

of the loading tape or wire, if other condi-

60

65

tions remain unchanged. The pitch of the
teredo tape | h
- greater than that of the loading tape or wire.
Although the high resistivity metallic layer
for affording protection against the teredo
has been specifically shown and described as a -
helical tape, it should be understood that such -
disclosure is not- intended as precluding a

is preferably considerably

broader view of the invention.

| Pi.t‘jh of the Olfdel‘“()f at least a foot.

1,700,476

. Whst is claimed is:

1. A continuously- loaded:. submarine '“Is'_i o-

lapping portions. -~ -

. 2. The combination with a continuously
loaded submarine signaling cable core com-

naling cable core comprising an electrical
conductor having loading material applied
thereto, the loading material being surround-
ed by insulation, a helical metallic tape on .
“said core, said tape having its adjacent turns

“overlapping, and insulation between the over-

prising - an electrical conductor surrounded

by helical loading ahd by a layer.of insula-

tion having a wall thickness of at least a milli- .

_ . _ meter, of a helical metallic tape.on said core, 8
turn conductor of high conductivity so spaced “éaid-tape having a thickness of the order of
from the central conductor can have compara- several thousandths of an inch. and having

resistivity at least twice that of brass..

- 3. A continuously loaded submarine 81g-

‘naling cable core, and a helical metallic tape
~thereon having a pitch substantially greater-.
“than twice the diameter of said core and hav-
ing its adjacent turns overlapping and insu-

lated from each other.

- L]

4. A continuously _loaded'-siijm-ariﬁé cable

80

85

80

core COmMprising an electrical conductor sur- -

rounded by insulation and a helical metallic
tape on said core, said tape-having resistivity
at least several times that of brass, and hav-
“ing its adjacent turns overlapping and insu-
lated from each other. .~

~ 5, A continuously loaded submarine cable

comprising a conductor,loading material, 1n-
sulation around said conductor and loading

material, a metallic layer outside said insula-

“tion serving as protection against the teredo,

05

100

said loading material being so associated

with said conductor that a component of flux

is set up through the coil formed by said

metallic layer in the direction of the length

“of-the cable by the signaling currents in said

conductor, the resistivity of said -protective
material being high compared with that of
iron. . : ]

6. A continuously loaded submarine sig-.
naling cablé core comprising an electrical -
conductor sutrounded by a layer of loading:

material, a layer of insulation around ‘said
loading material and a strip of metal of high
resistivity compared with brass around said

i B L mm— -

Tnsulation . with—contiguous edges thereof

. /a : — . _ =D L
overlapping and insulated from each other.
7. A submarine signaling cable, compris-

ing a central conductor continuouysly loaded
“with a helical loading member ‘having high
permeability at low magnetizing forces, a

T . .
substantially-concentric.return conductor for
. : H-‘--'\‘“M___ _ . . o
said central conductoryand electrical 1nsula-

ing helical elements having a

8. A submarine signaling cable comprising

~ a central conductor continuously loaded with

110

15

tion between said conductors, said returm eon- .
ductor -having high electrical conductivity
‘compared to that of steel, and said retuin con- -
“ductor compris

1257

130
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a helical loading member having high per-
meability at low magnetizing forces, a sub-

stantially concentric return. conductor for
sald central conductor,

electrical insulation
surrounding said central conductor, teredo
tape on said insulation, material of low Con-
ductivity spacing said return conductor from
said teredo tape, said return conductor hav.
ing high electrical conductivity compared to
that of steel and having a pitch of the order of
at least one foot. S

J. A submarine cable comprising a central

- conductor, electrical insulation surrounding

15

sald central conductor, a layer of helical

wires surrounding said mnsulation, said wires
having conductivity high in comparison to
that of steel, and helical metallic armor meim-

. bers surrounding said helix of wires, sald

30

39

-armor members.
. 10. A continuously loaded cable

wires having a pitch greater than that of said
| COMpris-
ing a central conductor, a helical element of
high permeability and high resistivity form-
Ing a layer thereabout, insulation surround-

ing said layer, and a layer of helically laid -
tape outside said insulation having high re-

sistivity compared with brass and having a
greater-pitch than said first mentioned helical
element, o e

11. A submarine signaling cable compris-
ing a loaded conductor, insulation thereabout,

teredo tape external to the insulation, a re-
turn path external to the teredo-tape, said

path comprising a plurality of wires of metal

highly conductive as compared to iron. sepa-

‘rated from each other and from the teredo

=

tape by material of conducting properties
very poor as compared to iron.

12.° A submarine signaling cable compris-
Ing a continuously loaded central conductor,
mnsulation surrounding said conductor, teredo
tape external to said insulation, a return path
external to said teredo tape, said path com-
prising a plurality of wires of metal highly
conductive as compared to iron, separated
trom each other and from the teredo tape by
material of conductirg properties
as compared to iron, armor

material, the wires of said return path having
a pitch greater than that of said armor wires,

13. A signaling cable comprising a signal-

ing conductor, a return circuit path spaced
from said signaling conductor comprising
armor wires and a separate layer of wires
underlying said armor
terial of considerably
than the armor

very poor
wires surround-
ing said return path and poor conducting
50
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Wires comprising ma-
greater conductivity
wires, said separate layer of

wires being spaced from each other and from

the armor wires by material having insulat-
Ing properties similar to jute. '

14. A cable in accordance with claim 18
in which the conductor is. provided” with

piastic insulation and the armor wires are
spaced from the plastic insulation by ma-
terial having insulating properties similar

- to Jute.

In witness whereof, I hereunto subseribe
my name this 26th day of February, A. D.
1926. | ' o

JOHN J. GILBERT.
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