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Description
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a winding-type
noise-suppressing high-tension resistive cord to be
used as an ignition cable for an internal combustion en-
gine of an automotive vehicle and the like.

Description of the Prior Art

High-tension resistive cords for transmitting a high
voltage generated at an ignition coil to a spark plug di-
rectly or through a distributer have been required to
have a low electric transmission loss, a good noise sup-
pressing effect, and high resistance to heat and voltage.
In general, currently used high-tension resistive cords
are of twotypes: a string-type high-tension resistive cord
which includes fibers impregnated with carbon; and a
winding-type high-tension resistive cord which includes
a metal small-gage wire having a high specific resist-
ance and wound about a core made of a magnetic ma-
terial or the like.

As shown in Fig. 5 is disclosed the winding-type
high-tension resistive cord which comprises a reinforc-
ing string 51 of aramid fibers, glass fibers or the like; a
core 52 formed by extrusion-coating the reinforcing
string 51 with a base polymer including ferrite powder
mixed therein; a resistance wire 53 coiled around the
core 52; an insulating layer 54 for extrusion-coating the
core 52 and the resistance wire 53; a braid 55 for coating
the insulating layer 54; and an outermost sheath 56 for
coating the braid 55 (Japanese Utility Model Publication
No. 1-32253 (1989)).

However, the above described winding-type high-
tension resistive cord, wherein the resistance wire
coiled around the core is loosened or unwound when
the insulating layer is cut and stripped, requires a pur-
pose-built cutting and stripping machine, and it is hence
impractical to put the winding-type high-tension resistive
cords alone on the market. To solve such a problem, the
resistance wire is required to resiliently dent the surface
of the core when it is coiled around the core (Japanese
Patent Publication No. 5-42084 (1993)).

When the winding-type high-tension resistive cord
is used as an ignition cable for an automotive vehicle,
conductive materials such as salt and sludge deposited
on the outer periphery of the cable increase the electro-
static capacity of the cord to reduce voltage supplied to
a spark plug. Thus a need arises to reduce the electro-
static capacity of the cord itself. To reduce the electro-
static capacity of the cord having a constant outer diam-
eter, it is necessary to reduce a conductor diameter.
However, the reduction in diameter of the conductor (the
core around which the resistance wire is coiled) in the
above described winding-type high-tension resistive
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cord increases a field strength, and an uneven conduc-
tor surface formed by winding the resistance wire
around the core causes a dielectric breakdown, result-
ing in lowered withstand voltage.

For electrical connection between the winding-type
high-tension resistive cord and a metal terminal, as
shown in Fig. 6, a conductor portion (the core 52 and
the resistance wire 53) exposed by stripping the insu-
lating layer is bent along the outer surface of the cord in
its longitudinal direction, and a tubular metal terminal A
is fitted on the cord, with the conductor portion bent.
Thus, the reduction in conductor diameter decreases a
contact area between the conductor portion and the
metal terminal A, resulting in unstable electrical connec-
tion.

The core made of inexpensive ethylene propylene
rubber (EP rubber) for reduction in fabrication cost of
the cord presents a problem. That is, since the EP rub-
ber is not heat-resistant, the core subjected to heat de-
terioration is softened to cause the resistance wire to be
embedded more deeply than necessary inthe core. This
produces a clearance between the resistance wire and
the metal terminal to establish unstable electrical con-
nection.

Document US-A-4 700 171 which is considered to
represent the most relevant state of the art discloses an
electrically conductive ignition wire which comprises a
glass fiber core overcoated with an adhesion promoting
polymer layer, a radio frequency insulating polymer lay-
er having helically wrapped thereon an electrically con-
ducting wire (resistance wire) which is overcoated with
a semiconducting polymer layer, the polymer of which
contains release agents and conducting particles to pro-
vide the release characteristics and semiconducting
function. The semiconducting polymer layer is overcoat-
ed with an insulating layer.

The polymer of the semiconducting polymer layer
includes semiconducting particles to reduce or eliminate
any excessive voltage gradients which may occur due
to imperfections in the conductor itself and release
agents to allow the subsequently applied layers to be
cleanly stripped off.

Object of the present invention is to provide a wind-
ing-type noise-suppressing high-tension resistive cord
which establishes a stable electrical connection to a ter-
minal without the need to cause a resistance wire to re-
silently dent a surface of a core and without reduction
in withstand voltage if a conductor diameter is reduced
to decrease the electrostatic capacity of the cord.

The object is solved by an apparatus in the current
with claim 1.

SUMMARY OF THE INVENTION

According to the present invention, a winding-type
noise-suppressing high-tension resistive cord compris-
es: a core; a resistance wire coiled around the core; an
internal semi-conductive layer having a flat surface and
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made of semi-conductive fluororubber extrusion-coated
around the resistance wire which is coiled around said
core; a separate release layer for coating the internal
semi-conductive layer; and an insulating layer for coat-
ing the release layer.

Preferably, the release layer is formed of graphite-
containing silicone oil.

Preferably, the core includes a reinforcing string of
aramid fiber, and a coating layer composed mainly of
rubber for coating the reinforcing string.

According to the winding-type noise-suppressing
high-tension resistive cord as above constructed, the
presence of the release layer facilitates the stripping of
the insulating layer, and the presence of the internal
semi-conductive layer made of the semi-conductive
fluororubber prevents the direct application of the force
acting to strip the insulating layer to the resistance wire,
thereby preventing the resistance wire from being loos-
ened or unwound when the resistance wire is not
caused to resiliently dent the surface of the core.

The flat surface of the internal semi-conductive lay-
er alleviates the increase in field strength to prevent re-
markable deterioration of the withstand voltage charac-
teristic if the conductor diameter is reduced. Electrical
connection between the metal terminal and the resist-
ance wire through the internal semi-conductive layer
does not decrease the contact area between the termi-
nal and the conductor if the conductor diameter is re-
duced.

Further, if the core made of an inexpensive material
which is not heat-resistant is subjected to heat deterio-
ration to cause the resistance wire to be fully embedded
in the core, the presence of the internal semi-conductive
layer does not produce a clearance between the metal
terminal and the resistance wire. This provides stable
electrical connection.

The object, features, aspects and advantages of the
present invention will become more apparent from the
following detailed description of the present invention
when taken in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a winding-type noise-
suppressing high-tension resistive cord according
to afirst preferred embodiment of the present inven-
tion;

Fig. 2 is a sectional view of the winding-type noise-
suppressing high-tension resistive cord connected
to a metal terminal;

Fig. 3 is a perspective view of the winding-type
noise-suppressing high-tension resistive cord ac-
cording to a second preferred embodiment of the
present invention;

Fig. 4 is a perspective view of the winding-type
noise-suppressing high-tension resistive cord ac-
cording to a third preferred embodiment of the
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present invention;

Fig. 5 is a perspective view of a conventional wind-
ing-type noise-suppressing high-tension resistive
cord; and

Fig. 6 is a sectional view of the conventional wind-
ing-type noise-suppressing high-tension resistive
cord connected to a metal terminal.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments will now be described ac-
cording to the present invention with reference to the
drawings. Referring to Fig. 1, a winding-type noise-sup-
pressing high-tension resistive cord 10 comprises a
semi-conductive core 11 of a 1.3 mm outer diameter in-
cluding a reinforcing string 12a of three twisted 1000-de-
nier aramid yarns and a coating layer 12b made of fluor-
orubber including ferrite powder mixed therein for extru-
sion-coating the reinforcing string 12a. A 50 um Ni-Cr
resistance wire 13 is coiled 7200 times per meter around
the core 11. The coating layer 12b includes 100 parts
by weight of the fluororubber and 400 parts by weight of
the ferrite powder. The core 11 around which the resist-
ance wire 13 is coiled is extrusion-coated with semi-con-
ductive fluororubber having a specific resistance of
about 1000 to 10000 Q-cm which forms an internal semi-
conductive layer 14 of a 1.5 mm outer diameter and hav-
ing a flat surface.

On the internal semi-conductive layer 14 is formed
arelease layer 15 of graphite-containing silicone oil. On
the release layer 15 is formed an insulating layer 16 of
a 4.6 mm outer diameter by extrusion coating of ethyl-
ene propylene rubber. The insulating layer 16 is coated
with a reinforcing braid 17 of glass yarn which in turn is
coated with a sheath 18 made of ethylene propylene
rubber.

In the winding-type noise-suppressing high-tension
resistive cord 10 constructed as above stated, the pres-
ence of the release layer 15 facilitates the stripping of
the insulating layer 16, and the presence of the internal
semi-conductive layer 14 prevents the direct application
of a force acting to strip the insulating layer 16 to the
resistance wire 1310 prevent the resistance wire 13 from
being loosened or unwound during the stripping of the
insulating layer 16 if the resistance wire 13 coiled around
the core 11 is not, in particular, caused to resiliently dent
the surface of the core 11. Further, if the outer diameter
of the conductor portion is reduced for decrease in elec-
trostatic capacity of the cord 10, the presence of the flat-
surface internal semi-conductive layer 14 through which
the connection is made between the resistance wire 13
and a metal terminal A as shown in Fig. 2 alleviates the
increase in field strength to prevent reduction in with-
stand voltage characteristic and extreme decrease in
contact area between the metal terminal A and the con-
ductor portion. This provides stable electrical connec-
tion between the resistance wire 13 and the metal ter-
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minal A.

Fig. 3 illustrates a second preferred embodiment
according to the present invention. A winding-type
noise-suppressing high-tension resistive cord 20 ac-
cording to the second preferred embodiment comprises
acore 21 including a reinforcing string 22a and a coating
layer 22b, a resistance wire 23, an internal semi-con-
ductive layer 24, a release layer 25, an insulating layer
26, a reinforcing braid 27, and a sheath 28, similar to
the first preferred embodiment. The winding-type noise-
suppressing high-tension resistive cord 20 of the sec-
ond preferred embodiment differs from that of the first
preferred embodiment in material and outer diameter of
some of the constituents. Specifically, the coating layer
22b includes 500 parts by weight of ferrite powder and
100 parts by weight of EP rubber, and has an outer di-
ameter of 1.1 mm. The resistance wire 23 is a Ni-Cr re-
sistance wire having an outer diameter of 40 um and
coiled 6000 times per meter around the core 21. The
internal semi-conductive layer 24 is made of semi-con-
ductive fluororubber, similar to that of the first preferred
embodiment, but has an outer diameter of 1.3 mm. Oth-
er constructions of the second preferred embodiment
are identical with those of the first preferred embodi-
ment.

The winding-type noise-suppressing high-tension
resistive cord 20 employs EP rubber which is inexpen-
sive but not heat-resistant as a base polymer of the coat-
ing layer 22b. When the EP rubber is subjected to heat
deterioration to cause the resistance wire 23 to be fully
embedded in the core 21, the presence of the internal
semi-conductive layer 24 which covers the core 21 and
the resistance wire 23 provides stable electrical contact
without a clearance between the resistance wire 23 and
the metal terminal A.

Fig. 4 illustrates a third preferred embodiment ac-
cording to the present invention. A winding-type noise-
suppressing high-tension resistive cord 30 comprises a
core 31 including a reinforcing string 32a and a coating
layer 32b, a resistance wire 33, an internal semi-con-
ductive layer 34, a release layer 35, an insulating layer
36, a reinforcing braid 37, and a sheath 38, similar to
the first and second preferred embodiments. The wind-
ing-type noise-suppressing high-tension resistive cord
30 of the third preferred embodiment differs from those
of the first and second preferred embodiments in mate-
rial and outer diameter of some of the constituents. Spe-
cifically, the reinforcing string 32a includes three twisted
400-denier aramid yarns. The coating layer 32b is
formed of a fluororubber coating applied over the rein-
forcing string 32a and has an outer diameter of 0.6 mm.
The resistance wire 33 is a Ni-Cr resistance wire having
an outer diameter of 40 um, similar to that of the second
preferred embodiment, but coiled 10000 times per me-
ter around the core 31. The internal semi-conductive
layer 34 is made of semi-conductive fluororubber, simi-
lar to those of the first and second preferred embodi-
ments, but has an outer diameter of 0.8 mm. Other con-
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structions of the third preferred embodiment are identi-
cal with those of the first and second preferred embod-
iments.

In the winding-type noise-suppressing high-tension
resistive cord 30, the resistance wire 33 is not permitted
to resiliently dent the surface of the core 31 when it is
coiled since the coating layer 32b is made of the fluor-
orubber coating applied over the reinforcing string 32a
as above described. However, the presence of the in-
ternal semi-conductive layer 34 which covers the resist-
ance wire 33 and the core 31 prevents the direct appli-
cation of a force acting to strip the insulating layer 36 to
the resistance wire 33, thereby preventing the resist-
ance wire 33 from being loosened or unwound.

While the invention has been shown and described
in detail, the foregoing description is in all aspects illus-
trative and not restrictive. It is therefore understood that
numerous modifications and variations can be devised
without departing from the scope of the invention.

Claims

1. A winding-type noise-suppressing high-tension re-
sistive cord (10) comprising:

acore (11);

a resistance wire (13) coiled around said core;
an internal semi-conductive layer (14) having a
flat surface and made of semi-conductive fluor-
orubber extrusion-coated around said resist-
ance wire which is coiled around said core;

a separate release layer (15) for coating said
internal semi-conductive layer; and

an insulating layer (16) for coating said release
layer.

2. The winding-type noise-suppressing high-tension
resistive cord of claim 1, wherein
said internal semi-conductive layer (14) has a
specific resistance of 1000 to 10000 Q-cm.

3. The winding-type noise-suppressing high-tension
resistive cord of claim 1, wherein
said release layer (15) is formed of graphite-
containing silicone oil.

4. The winding-type noise-suppressing high-tension
resistive cord of claim 1, further comprising:

a reinforcing braid (17) for coating said insulat-
ing layer; and

a sheath (18) for coating said reinforcing braid.
5. The winding-type noise-suppressing high-tension

resistive cord of claim 1, 2, 3, or 4, wherein
said core (11) includes a reinforcing string
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(12a) of aramidfiber, and a coating layer (12b) com-
posed of rubber for coating said reinforcing string.

The winding-type noise-suppressing high-tension
resistive cord of claim 5, wherein

said coating layer (12b) is formed of fluororub-
ber including ferrite powder mixed therein for
extrusion-coating said reinforcing string, and
said coating layer includes 400 parts by weight
of said ferrite powder and 100 parts by weight
of said fluororubber.

7. The winding-type noise-suppressing high-tension

resistive cord of claim 5, wherein

said coating layer (12b) is formed of ethylene
propylene rubber including ferrite powder
mixed therein for extrusion-coating said rein-
forcing string, and

said coating layer includes 500 parts by weight
of said ferrite powder and 100 parts by weight
of said ethylene propylene rubber.

The winding-type noise-suppressing high-tension
resistive cord of claim 5, wherein

said coating layer (12b) is formed of a fluororubber
coating applied over said reinforcing string.

Patentanspriiche

Rauschunterdrickungs-Hochspannungswider-
standskabel (10) eines Wicklungstyps mit:

einem Kern (11);

einem um den Kern gewickelten Widerstands-
draht (13);

einer inneren halbleitenden Schicht (14), wel-
che eine ebene Oberflache aufweist und aus
halbleitendem Fluorgummi gebildet ist, das um
den Widerstandsdraht extrusionsbeschichtet
ist, der um den Kern gewickelt ist;

einer getrennten Ausldseschicht (15) zum Um-
hillen der inneren halbleitenden Schicht; und
einer Isolierungsschicht (16) zum Umhdllen der
Ausldseschicht.

Rauschunterdrickungs-Hochspannungswider-
standskabel eines Wicklungstyps nach Anspruch 1,
dadurch gekennzeichnet, dai

die innere halbleitende Schicht (14) einen spe-
zifischen Widerstand von 1000 bis 10000 Ohm-cm
besitzt.

Rauschunterdrickungs-Hochspannungswider-
standskabel eines Wicklungstyps nach Anspruch 1,
dadurch gekennzeichnet, dai
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die Ausléseschicht (15) aus einem Graphit
enthaltenden Silikondl gebildet ist.

Rauschunterdrickungs-Hochspannungswider-
standskabel eines Wicklungstyps nach Anspruch 1,
gekennzeichnet durch:

ein verstarkendes Geflecht (17) zum Umhillen
der Isolierungsschicht; und

eine Hulle (18) zum Umhiillen des verstarken-
den Geflechts.

Rauschunterdrickungs-Hochspannungswider-
standskabel eines Wicklungstyps nach Anspruch 1,
2, 3 oder 4, dadurch gekennzeichnet, dai3

der Kern (11) einen verstarkenden Strang
(12a einer Aramidfaser und eine aus Gummi zu-
sammengesetzte Umhillungsschicht (12b) zum
Umhillen des verstarkenden Strangs enthalt.

Rauschunterdrickungs-Hochspannungswider-
standskabel eines Wicklungstyps nach Anspruch 5,
dadurch gekennzeichnet, daB3

die Umhillungsschicht (12b) aus Fluorgummi
einschlieBlich eines darin gemischten Ferritpul-
vers zur Extrusionsbeschichtung des verstar-
kenden Strangs gebildet ist und

die Umhiillungsschicht 400 Gewichtsteile des
Ferritpulvers und 100 Gewichtsteile des Fluor-
gummis enthalt.

7. Rauschunterdriickungs-Hochspannungswi-
derstandskabel eines Wicklungstyps nach An-
spruch 5, dadurch gekennzeichnet, dafi3

die Umhdillungsschicht (12b) aus Ethylenpro-
pylengummi einschlieBlich eines darin ge-
mischten Ferritpulvers zur Extrusionsbeschich-
tung des verstarkenden Strangs gebildet ist,
und

die Umhiillungsschicht 500 Gewichtsteile des
Ferritpulvers und 100 Gewichtsteile des Ethy-
lenpropylengummis enthalt.

8. Rauschunterdriickungs-Hochspannungswi-
derstandskabel eines Wicklungstyps nach An-
spruch 5, dadurch gekennzeichnet, dafi3

die Umhillungsschicht (12b) aus einer Fluor-
gummiumhillung gebildet ist, welche Uber dem ver-
starkenden Strang aufgebracht ist.

Revendications

Céble résistif & haute tension et & suppression des
bruits du type & enroulement (10), comprenant :
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une &me (11);

un cable de résistance électrique (13) enroulé
autour de ladite &me ;

une couche semiconductrice interne (14) ayant
une surface lisse et constituée de fluorocaout-
chouc semiconducteur appliqué par extrusion
autour du dit fil de résistance qui est enroulé
autour de ladite &me ;

une couche anti-adhérence séparée (15) pour
recouvrir ladite couche semiconductrice
interne ; et

une couche isolante (16) pour recouvrir ladite
couche anti-adhérence.

Céble résistif & haute tension et & suppression des
bruits du type a enroulement suivant la revendica-
tion 1, dans lequel

ladite couche semiconductrice interne (14) a
une résistance spécifique de 1000 & 10 000 Q.cm.

Céble résistif & haute tension et & suppression des
bruits du type a enroulement suivant la revendica-
tion 1, dans lequel

ladite couche anti-adhérence (15) est formée
d'huile de silicone contenant du graphite.

Céble résistif & haute tension et & suppression des
bruits du type a enroulement suivant la revendica-
tion 1, comprenant en outre :

une tresse de renforcement (17) pour recouvrir
ladite couche isolante ; et

une gaine (18) pour recouvrir ladite tresse de
renforcement.

Céble résistif & haute tension et & suppression des
bruits du type a enroulement suivant la revendica-
tion 1, 2, 3ou 4, dans lequel

ladite &me (11) comprend une corde de ren-
forcement (12a) en fibres d'aramide et une couche
de revétement (12b) composée de caoutichouc pour
recouvrir ladite corde de renforcement.

Céble résistif & haute tension et & suppression des
bruits du type a enroulement suivant la revendica-
tion 5, dans lequel :

ladite couche de revétement (12b)est formée
de fluorocaoutchouc incluant une poudre de
ferrite en mélange pour revétement par extru-
sion de ladite corde de renforcement, et

ladite couche de revétement contient 400 par-
ties en poids de ladite poudre de ferrite et 100
parties en poids dudit fluorocaoutchouc.

7. Cable résistif & haute tension et & suppression des

bruits du type a enroulement suivant la revendica-
tion 5, dans lequel :
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ladite couche de revétement (12b) est formée
de caoutchouc d'éthyléne-propyléne incluant
une poudre de ferrite en mélange, pour revéte-
ment par extrusion de la dite corde de renfor-
cement, et

ladite couche de revétement contient 500 par-
ties en poids de ladite poudre de ferrite et 100
parties en poids dudit caoutchouc d'éthyléne-
propyléne.

8. Cable résistif & haute tension et & suppression des

bruits du type a enroulement suivant la revendica-
tion 5, dans lequel

ladite couche de revétement (12b) est formée
d'un revétement de fluorocaoutchouc appliqué sur
ladite corde de renforcement.
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