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[57] ABSTRACT 
The disclosed conductor includes a core, having a plu 
rality of conductive glass ?bers, an overwrap of non 
conductive glass strands wound under tension around 
the core and a semiconductive overcoat, preferably of 
poly tetra?uoroethylene and a suspension of ?ne con 
ductive powders, preferably graphite or carbon. The 
overwrap includes distinct windings, rather than a 
braid, which securely retains the ?bers in a cylindrical 
core, having a uniform cross-section. Further, the 
overwrap is uniformly wound under tension to provide 
a matrix of uniform non-insulating apertures or dia 
mond-shaped spaces, assuring uniform conductance 
between the core and the overcoat. 

25 Claims, 3 Drawing Figures 
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ELECTRIC CONDUCTOR AND METHOD 

FIELD OF THE INVENTION 

The conductor of this invention is particularly suit 
able for high temperature applications which require 
uniform conductance, such as the spark ignition of an 
automobile. The preferred conductor combines the ad 
vantages of conductive glass fibers with the high tem 
perature service capabilities of a semiconductive Tef 
lon overcoat. 
The problems of electrical interference with commu 

nications, including radio and television, has resulted in 
certain government standards applicable to automotive 
ignition cables, for example. Further, the temperature 
within an automobile hood has increased steadily, due 
to larger horse power engines and emission control de 
vices, requiring greater temperature service capabili 
ties for all engine components, including ignition ca 
bles. These requirements have created an urgent need 
for ignition cables having high temperature service ca 
pabilities and a uniform conductance, which are met by 
the conductor and method of this invention. Further, 
the advantages of the electrical conductor of this inven 
tion are particularly?suitable for other applications, in 
cluding heating elements for domestic appliances and 
for extreme service applications, such as driveway and 
gutter heating elements which are subject to weather, 

‘ impact and wear. 

The improved electrical conductor of this invention 
includes a conductive core, means to retain the ele 
ments of the core in uniform circular cross-section and 
means for insuring uniform conductance between the 
core and a semiconductive overcoat. In the preferred 
embodiment, the core includes a plurality of conduc 
tive ?bers, such as the conductive fibers disclosed in 
US. Pat. No. 3,247,020, which is assigned to the as 
signee of the instant application. The fibers are se 
curely retained in a cylindrical bundle by winding non 
conductive strands, under tension, around the core ? 
bers. The strand windings are preferably distinct, rather 
than laced, to facilitate stripping of the core and are 
uniformly spaced to provide a matrix of non 
conductive spaces to assure uniform conductance. The 
semiconductive overcoat preferably includes poly tet 
ra?uoroethylene, because of its high temperature ser 
vice capabilities and wear resistance and includes a sus 
pension of fine conductive particles, preferably graph 
ite or carbon. 

In the preferred embodiment, the overwrap includes 
two distinct winding layers, rather than a braid, which 
is easier to strip and provides more uniform spacing be 
tween the strands. The spacing is preferably controlled 
vto between 1/16 and 3/16 inch, measured between 
cross-over points, which, in combination with the semi~ 
conductive overcoat, provides uniform conductance 
between the overcoat and the core. The thickness of 
the overwrap may also be more accurately controlled 
and is preferably between about 0.005 to 0.010 inch. 

The poly tetra?uoroethylene overcoat is also easier 
to strip than conventional synthetic rubber overcoats 
and reduces or eliminates electrical interference, which 
it is a prime objective of the disclosed invention. 
Graphite or carbon particles are preferred because the 
particles are substantially uniform in size and are com 
mercially available at a lesser expense than other con 
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ductive particles. In the preferred embodiment, the 
poly tetra?uoroethylene includes about 2 to 30 per 
cent, by weight, graphite or carbon particles in suspen 
sion. 

Other advantages and meritorious features of the dis 
closed conductor will be more fully understood from 
the following description of the preferred embodi 
ments, the attached drawings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view, with cut away portions. 
7 showing one embodiment of the electrical conductor of 
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this invention 
FIG. 2 is a perspective, partially schematic view of 

the conductive core and the method of winding the 
overwrap in the manufacture of the electrical conduc 
tor shown in FIG. 1; and 

FIG.- 3 is an end view of the electrical conductor 
shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The insulated conductor 20 shown in FIGS. 1 and 3 
includes a conductive core 22, a non-conductive over 
wrap 24 and a semi-conductive overcoat 26. In the pre 
ferred embodiment, the core is composed of a plurality 
of elongated conductive ?bers 38, as shown in FIG. 3. 
The conductive fibers may be formed from strands of 
glass by the method described in US. Pat. No. 
3,269,883, which is assigned to the assignee of the in 
stant application. Reference may also be made to US. 
Pat. No. 3,247,020. 
The overwrap 24 comprises winds of non-conductive 

strands, such as the glass strands disclosed in US. Pat. 
NO. 2,333,961 and sold by the assignee of the instant 
application as “E Glass." The strands are preferably 
wound under tension in distinct layers, rather than 
braided, as shown in FIG. 2. The first strand 28 is 
wound around the core under tension to form a first 
layer 30 and the second strand 32 is wound under ten 
sion over the first layer to form a second layer 34, gen 
erally perpendicular to the first layer. The winding 
method shown in FIG. 2 includes two spindles 36 which 
tension the strands 28 and 32 during winding. 
The strands are preferably wound under tension to 

accurately control the circular cross-section of the 
fiber bundle 22, which is particularly important in 
maintaining uniform conductance, as described herein 
below. As will be noted from FIGS. 1 and 2, the strand 
windings are preferably spaced on the core 22 to pro 
vide a uniform matrix of non-insulating or conductive 
diamond-shaped openings 37. In the preferred embodi 
ment, the strands are uniformly spaced a distance of 
H16 to 3/l 6 inch, measured longitudinally on the core 
from cross-over points the thickness of the overwrap is 
between about 0.005 to 0.010 inch to provide uniform 
conductance between the semiconductive overcoat 26 
and the conductive core 22. 
The strands may be wound on the core in a conven 

tional winding apparatus, such as a double serving unit, 
at 1 1,000 rpm, for example. A positive tension of about 
50 grams has been found particularly suitable to retain 
the circular cross-section of the core 22. Where the 
spacing between the strands is greater than three 
sixteenth of an inch, a Catinary or looping effect occurs 
between the semiconductive overcoat and the core 



3,818,412 
3 

with corona losses. Where‘ the spacing is smaller, the 
strike through is limited. 

‘ As described above, the winding of the overwrap 
under tension, is particularly important to the conduc 
tor of this invention to maintain the glass ?ber core in 
a cylindrical bundle- having a uniform cross-section. 
The uniform cross-section of the bundle assures a more 
uniform conductance in the conductive roving of this 
invention and thereby limits stray radiation. The wind 
ing of the overwrapin two separate windings makes the 
overwrap easier to strip, which is particularly important 
in certain applications of the conductor of this inven 
tion. The uniform spacing of the strands, as described 
above, in combination with the semiconductive over 
coat and the uniform thickness of the overwrap also as 
sures uniform conductance. 
The overcoat 26 is a uniform layer of a semiconduc 

tive material, which forms a radiation shield for the 
conductor. In the preferred embodiment, the overcoat 
is a high temperature and friction resistant material 
having fine particles of a conductive powder suspended 
therein. The preferred material for the overcoat is a 
semiconductive poly tetra?uoroethylene, which has at 
least four advantages in the conductor of this invention: 
(1 ) poly tetra?uoroethylene having suspended conduc 
tive particles provides an excellent electrical shield, 
eliminating stray radiation; (2) poly tetra?uor 
oethylene is easier to strip than conventional synthetic 
rubber products, eliminating a strip-coat application; 
(3) poly tetra?uoroethylene has excellent high temper 
ature service capabilities; and (4) poly tetra?uor 
oethylene protects the core because of its low coef?ci 
ent of friction. In certain applications, other materials 
may also be utilized, including “Silastic,” which is a 
semiconductive silicone rubber available from Dow 
Corning Corporation. 
The preferred conductive material is a graphite or 

carbon particulate, although other conductive materi 
als may also be utilized. Graphite is relatively inexpen 
sive and commercially available in uniform size ranges. 
The preferred maximum size range for the graphite 
powder is about 10 percent, 1 to 3 microns and 90 per 
cent less than 1 micron. 

in the preferred method of forming the overcoat, the 
core and overwrap are dipped into a poly tetra?uor 
oethylene solution, wiped by a metal or rubber die and 
cured in a vertical gas-?lled tower. Tetra?uoroethylene 
is available commercially from E. l. duPont de Ne 
mours Company under the trade name ‘,fTe?on.” The 
graphite or carbon particles are added to the Te?on as 
a dispersion, which may also include a filler, such as sil 
icone, wetting agents, etc. A suitable graphite disper 
sion, for example, includes 100 parts by volume tetra 
?uoroethylene, 27.3 parts by volume graphite and 62.7 
parts by volume water. The total graphite in this com 
position is 22 percent by weight. The preferred per 
centage of graphite in the overcoat is between about 1 l 
to 90 percent by weight, depending upon the preferred 
resistance range of the application. In aignition cable, 
for example, the preferred resistance is about 5,000 
ohms per foot, however in a heating element, the pre 
ferred resistance is about 150 to 170 ohms per foot. 
The preferred thickness of the overcoat is about 0.005 
to 0.0l0 inches. 
The insulated conductor of this invention may then 

be utilized as an ignition cable, for example, by extrud 
ing a primary insulation, such as silicone rubber, over 
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4 
the overcoat, retaining the primary insulation with a 
?ber glass braid and forming an outer jacket over the 
braid of a suitable material, including silicone rubber. 
These subsequent operations are not claimed as part of 
theelectrical conductor or method of this invention. 
The preferred method of manufacturing the insulated 

electrical conductor 20 of this invention then includes, 
bundling of a plurality of elongated conductive fibers 
38 into a generally cylindrical core 22, as shown in FIG. 
2. The number of ?bers will depend upon the particular 
application for the conductor, however a suitable core 
has 60 conductive glass ?bers, each ?ber having a di 
ameter of about 0.005 inch, forming a cylindrical core 
having a diameter of about 0.050 inch. The method 
then includes winding, under tension, distinct layers 
(30 and 34) of non-conductive strands 28 and 32, as 
shown in H6. 2, to securely retain the fibers 38 of the 
core in a uniform circular cross-section. The strands 28 
and 30 are preferably uniformly spaced and angularly 
wound on the core to provide a matrix of diamond 
shaped non-insulating apertures 37, uniformly spaced 
axially and longitudinally on the core to assure uniform 
conductance between the core 22 and the semiconduc 
tive overcoat 26. 

Finally, the core and overwrap are encased in a semi 
conductive overcoat 26, preferably poly tetra?uor 
oethylene, having ?ne particles of graphite or carbon 
suspended therein. In the preferred embodiment, the 
overcoat includes between about 2‘ and 30 percent by 
weight graphite or carbon particles. The semiconduc 
tive overcoat may be applied to the core and overwrap 
by dipping the core in a solution of tetra?uoroethylene, 
as described above, wiping the overcoat with a metal or 
rubber die and curing in a vertical tower. A suitable 
curing temperature for poly tetra?uoroethylene is 
about 680° F. 
The electrical conductor of this invention substan 

tially eliminates interference to television and radio, for 
example, when utilized as a spark-type ignition cable, 
as described above. Further, the insulated conductor of 
this invention is particularly suitable for high tempera 
ture service applications, in excess of 450° F, while 
eliminating stray radiation. 

1 claim: 
1. An insulated electrical connector, comprising, in 

combination, an electrically conductive core, an over 
wrap and a semi-conductive overcoat, said core com 
prising a plurality of ?exible conductive ?bers, said 
overwrap comprising at least one winding substantially 
evenly distributed on said core, de?ning a matrix of 
substantially uniformly spaced non-conductive spaces 
and retaining said ?bers in a cylindrical bundle having 
a constant cross-section and said overcoat comprising 
a coating of polymerized tetra?uoroethylene having 
?ne carbon particles suspended therein ?lling said 
spaces. 

2. The insulated electrical conductor de?ned in claim 
1, characterized in that said overwrap comprises at 
least two angularly disposed distinct windings of glass 
strands. 

3. The insulated electrical conductor de?ned in claim 
2, characterized in that said apertures are 1/16 to 3/l 6 
inch, measured longitudinally between cross-over 
points. 

4. The insulated electrical conductor defined in claim 
1, characterized in that said overcoat includes about 2 
to 30 percent by weight of said ?ne carbon particles. 
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5. An insulated electric cable, comprising, in combi 
nation, 'a conductive core including a plurality of elon 
gated ?exible ?bers, an overwrap retaining said ?bers 
in a cylindrical bundle, comprising at least two non 
interlacing layers of non-conductive strands uniformly 
wound in tension around said ?bers to tightly retain 
said ?bers and providing a matrix of non-insulating ap 
ertures of substantially uniform size, and a polymeric 
semiconductive overcoat encasing said cylindrical core 
and overwrap and substantially filling said apertures, 
said apertures providing a uniform conductance be 
tween said cylindrical conductive core and said semi 
conductive overcoat. ' 

6. The insulated electric cable de?ned in claim 5, 
characterized in that said polymeric semiconductive 
overcoat comprises a layer of polymerized tetra?uor 
oethylene having ?ne graphite particles suspended 
therein. 

7. The insulated electric cable de?ned in claim 6, 
characterized in that said overcoat includes about 2 to 
30 percent by weight of said ?ne particles of graphite. 

8. The insulated electric cable de?ned in claim 5, 
characterized in that the width of said overwrap is 
about 0.005 to 0.010 inches. 

9. The insulated electric cable de?ned in claim 5, 
characterized in that said non-insulated apertures are 
about 1/ 16 to 3/ 16 inches, measured between cross 
over points of the strands. 

10. The insulated electric cable de?ned in claim 5, 
characterized in that said ?exible ?bers are conductive 
strands of glass and said overwrap strands are non 
conductive glass strands. 

11. An overcoated conductive roving, comprising, in 
combination, a plurality of elongated conductive glass 
?bers securely retained by an overwrap in a cylindrical 
bundle having uniform cross-section and a semi 
conductive overcoat encasing said cylindrical core, 
said overcoat being at least one winding of glass strands 
forming non-conductive spaces, said overcoat compris 
ing a layer of polymerized tetra?uoroethylene having 

‘ suspended therein 2 to 30 percent by weight ?ne carbo 
naceous particles and said overcoat substantially filling 
said spaces. 

12. The conductive roving de?ned in claim 11, char 
acterized in that said overwrap is de?ned by at least 
two windings of glass strands forming said non 
conductive overwrap having a matrix of uniformly 
spaced conductive apertures. 

13. The conductive roving de?ned in claim 12, char 
acterized in that said overwrap includes at least two an 
gularly disposed distinct windings of glass strands, said 
windings evenly distributed on said core, in spaced re 
lation, forming a matrix of uniformly spaced non 
conducting apertures. 

14. The conductive roving de?ned in claim 13, char 
acterized in that said strands are in tension to securely 
retain said glass ?bers in a uniform cross-section. 

15. The conductive roving defined in claim 14, char 
acterized in that the thickness of said overwrap is about 
0.005 to 0.010 inch. 

16. The conductive roving de?ned in claim 14, char 
acterized in that the longitudinal spacing between said 
windings of overwrap strands is about l/l.6 to 3/16 
inches. 

17. In an elevated temperature ignition cable, the 
combination of a conductive core comprising a plural 

6 
ity of electrically conductive elongated glass fibers in a 
cylindrical bundle having a uniform cross-section, said 
glass?bers securely retained in said cylindrical bundle 
by at least two angularly disposed distinct windings of 
glass strands forming a non-conductive overwrap, said 
windings evenly distributed on said core, in spaced re 
lation, forming a matrix of uniformly spaced non 
conductive apertures, and a semi-conductive overcoat 
enclosing said core and overwrap, and substantially ?ll 
ing said apertures, said overcoat comprising a layer of 
polymerized tetra?uoroethylene having about 2 to 30 
percent, by weight, ?ne particles of graphite suspended 
therein. 

18; The ignition cable de?ned in claim 17, character 
ized in that said glass strands are in tension, about said 
conductive core, to assure uniform cross-section of said 
COl'C. 
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19. The ignition cable de?ned in claim 17, character 
ized in that the spacing between said glass strands is 
about 1/16 to 3/16 inch measured longitudinally on 
said core between cross-over points. 

20. The ignition cable de?ned in claim 17, character 
ized in that the thickness of said overwrap is about 
0.005 to 0.010 inch. 

21. In a method of manufacturing an insulated elec 
trical conductor, the steps of: bundling a plurality of 
elongated ?exible conductive fibers into a cylindrical 
core, uniformly winding under tension at least two dis 
tinct layers of non-conductive strands around said core 
(1) to securely bind said ?bers into a cylindrical core 
having uniform cross-section and (2) to uniformly 
space said windings on said core to de?ne a matrix of 
non-insulating apertures uniformly spaced axially and 
circumferentially on said core, and encasing said cylin 
drical core, non-conductive windings and apertures in 
a semi-conductive polymeric overcoat, said windings 
thereby providing uniform conductance between said 
core and said overcoat. 

22. The method of manufacturing an insulated elec 
trical conductor de?ned in claim 21, wherein said core 
and windings are encased within said semiconductive 
overcoat by dipping said core and windings in a mixture 
of polymerized tetra?uoroethylene and a conductive 
powder and curing said polymerized tetra?uor 
oethylene. 

23. The method of manufacturing an insulated elec 
trical conductor de?ned in claim 22, including the step 
of wiping the uncured polymerized tetra?uoroethylene 
mixture, prior to curing. 

24. The method of manufacturing an insulated elec 
trical conductor de?ned in claim 21, including individ 
ually winding strands of non-conductive glass around a 
core of conductive glass ?bers. 

25. An insulated electric cable comprising, in combi 
nation a conductive core including a plurality of ?exi 
ble ?bers, an overwrap containing said ?bers in a cylin 
drical bundle comprising; at least two non-interlacing 
layers of non-conductive continuous linear elements 
uniformly wound under tension in tight retaining rela 
tion about said core ?bers and providing a porosity of 
substantially uniform magnitude along the length of 
said overwrap, and a semiconductive overcoat of ?exi 
ble material permeating said overwrap and communi 
cating with said cylindrical conductive core such that 
a substantially uniform conductance is established be 
tween the semiconductive overcoat material and con 
ductive core along its length. 

>l< * >l< * * 


