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(57) Abrégé/Abstract:

The purpose of the present invention is to improve sealing between a rubber member and the outer peripheral surface of an
ignition plug insulator and improve anti-current-leakage properties. The rubber member of the plug connector encapsulates a
conductor for electrically connecting the ignition plug, which is provided with an insulator and a terminal electrode protruding more
to the back end side than the back end of the insulator, to an electric power supply member, which supplies electric power to the
ignition plug. The ring member is disposed on the outer periphery of the rubber member.
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ABSTRACT

Disclosed is a plug connector capable of increasing the sealing between a rubber
member and an outer circumferential surface of a spark plug insulator for improvement in
current leakage resistance. A plug connector according to the present invention includes a
conductive part that electrically connects a spark plug and a power supply member for
power supply to the spark plug; and a rubber member that covers the conductive part.
Herein, the spark plug has an insulator and a terminal electrode protruding toward the rear
from a rear end of the insulator. The plug connector further includes a ring member

arranged on an outer circumference of the rubber member.
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DESCRIPTION

Title of the Invention

PLUG CONNECTOR, RUBBER MEMBER, AND RING MEMBER

Field of the Invention

[0001]  The present invention relates to a plug connector such as a plug cap for
connection to a spark plug. The present invention also relates to a rubber member and a
ring member of the plug connector.

Background Art

[0002] A spark plug is used in an internal combustion engine, with a plug connector

such as plug cap or plug cord attached to the spark plug. For example, there is known a
plug cap of the type that includes: a hollow insulating member made of a rubber material
(hereinafter referred to as “rubber member”) and having a front end portion engageable
with a terminal electrode of a spark plug and a rear end portion engageable with a
high-voltage cord for power supply to the spark plug; and a resistor disposed in a hollow
portion of the rubber member (see e.g. Patent Document 1). This plug cap establishes a
seal between the rubber member and an outer circumferential surface of an insulator of the
spark plug by contact of the front end portion of the rubber member with the outer
circumferential surface of the insulator of the spark plug, so as to prevent current leakage
(i.e. leakage of electric current) through between an inner circumferential surface of the
rubber member and the outer circumferential surface of the insulator.

Prior Art Documents

Patent Documents

[0003]  Patent Document 1: Japanese Unexamined Utility Model Application
Publication No. S52-19685

Summary of the Invention

Problems to be Solved by the Invention

[0004] By the way, the compression ratio of internal combustion engines has recently
been increased for the purpose of fuel efficiency improvements. In such internal
combustion engines, there is a tendency that the operating voltage of spark plugs becomes
high. It is thus demanded to provide plug caps with higher current leakage resistance.

[0005]  Itis an object of the present invention to provide a plug connector capable of
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increasing the sealing between a rubber member and a spark plug insulator for
improvement in current leakage resistance.

Means for Solving the Problems

[0006]  The present invention has been made to address at least part of the above
problems and can be embodied as the following application examples.
[0007]  [Application Example 1]

A plug connector, comprising:

a conductive part that provides electrical connection between a spark plug and a
power supply member for power supply to the spark plug, the spark plug comprising an
insulator and a terminal electrode protruding toward the rear from a rear end of the
insulator; and

a rubber member that covers the conductive part,

wherein the plug connector further comprises at least one ring member arranged
on an outer circumference of the rubber member and having higher hardness than that of
the rubber member; and

wherein a front end of the at least one ring member is located on a front side
with respect to the rear end of the insulator.

[0008]  Inthe above configuration, the contact pressure between an inner
circumferential surface of the rubber member and an outer circumferential surface of the
insulator of the spark plug is increased by the ring member. It is therefore possible to
increase the sealing between the rubber member and the spark plug and improve the
current leakage resistance of the plug connector.

[0009] [Application Example 2]

The plug connector according to Application Example 1,

wherein the conductive part includes a metal connector member connectable to
the terminal electrode; and

wherein a rear end of the at least one ring member is located on a rear side with
respect to a front end of the metal connector member.

[0010]  Vibration of the plug connector leads to the generation of a powder (e.g. metal
powder) from the conductive part inside the plug connector. ~ Such a metal powder
becomes a cause of current leakage. In the above configuration, however, the rear end of

the ring member, which is higher in hardness than the rubber member, is located on the
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rear side with respect to the front end of the metal connector member so that vibration of
the plug connector is suppressed. It is thus possible to increase the vibration resistance of
the plug connector for further improvement in current leakage resistance.

[0011] [Application Example 3]

The plug connector according to Application Example 1 or 2, further
comprising a high hardness part arranged on an outer circumference of the conductive part
and having higher hardness than that of the rubber member,

wherein the rubber member covers the high hardness part.

[0012]  In the above configuration, it is possible to increase the strength of the plug
connector by the high hardness part.
[0013] [Application Example 4]

The plug connector according to Application Example 3,

wherein a rear end of the at least one ring member is located on a rear side with
respect to a front end of the high hardness part.

[0014]  In the above configuration, the ring member, which is higher in hardness than
the rubber member, is located on the rear side with respect to the front end of the high
hardness part, which is higher in hardness than the rubber member, so that the vibration
resistance of the plug connector is further increased. It is thus possible to further improve
the current leakage resistance of the plug connector.

[0015] [Application Example 5]

The plug connector according to any one of Application Examples 1 to 4,

wherein the rubber member has at least one of a recess and a protrusion formed
on an outer circumferential surface thereof according to the shape of an inner
circumferential surface portion including at least a part of an inner circumferential surface
of the at least one ring member.

[0016]  In the above configuration, it is possible to suppress displacement of the ring
member relative to the rubber member.
[0017]  [Application Example 6]

The plug connector according to Application Example 1, further comprising at
least one of a metal connector member and a high hardness part, the metal connector
member being connectable to the terminal electrode and covered by the rubber member,

the high hardness part being arranged on an outer circumference of the conductive part and
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having higher hardness than that of the rubber member,

wherein the at least one ring member includes a contact portion located at a
position overlapping the at least one of the metal connector member and the high hardness
part in an axis direction of the plug connector and brought into contact with an outer
circumferential surface of the rubber member.
[0018] In the above configuration, the ring member is brought into contact with the
rubber member at the location where the relatively hard ring member and the relatively
hard metal connector member or high hardness part overlap in position in the axis direction.
It is thus possible to further improve the vibration resistance of the plug connector.
[0019] [Application Example 7]

The plug connector according to Application Example 6,

wherein, in a cross section taken through the contact portion in a direction
perpendicular to the axis direction, an inner circumferential surface of the contact portion
is in the shape of a first circle, and aﬁ outer circumferential surface of the at least one of the
metal connector member and the high hardness part is in the shape of a second circle
smaller in diameter than the first circle; and

wherein the plug connector satisfies a condition of 0.97 <(S1/S2) <0.99 where,
in the cross section, S1 1s an area inside the first circle and outside the second circle; and
S2 is an area of the rubber member before arrangement of the at least one ring member.
[0020]  Inthe above configuration, the contact portion of the ring member is brought
into contact with the rubber member at adequate pressure. It is thus possible to further
improve the vibration resistance of the plug connector.
[0021] [Application Example 8]

The plug connector according to Application Example 6,

wherein the contact portion has a first protrusion radially inwardly protruding
from an inner circumferential surface thereof and brought into contact with the outer
circumferential surface of the rubber member.
[0022]  Inthe above configuration, the first protrusion of the contact portion of the ring
member is brought into contact with the outer circumferential surface of the rubber
member so that the contact pressure between the contact portion and the rubber member is
stabilized. It is thus possible to further improve the vibration resistance of the plug

connector.
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[0023] [Application Example 9] ‘

The plug connector according to Application Example 6 or 8,

wherein the rubber member has a second protrusion protruding radially
outwardly from the outer circumferential surface thereof and brought into contact with an
inner circumferential surface of the contact portion.

[0024]  In the above configuration, the second protrusion of the rubber member is
brought into contact with the inner circumferential surface of the contact portion of the ring
member so that the contact pressure between the contact portion and the rubber member is
stabilized. It is thus possible to further improve the vibration resistance of the plug
connector.

[0025]  [Application Example 10]

The plug connector according to any one of Application Examples 6 to 9,

wherein the contact portion has a length of 10 mm or smaller in the axis
direction.

[0026]  In the above configuration, the contact portion of the ring member is brought
into contact with the rubber member at more adequate pressure. It is thus possible to
further improve the vibration resistance of the plug connector.

[0027] [Application Example 11}

A rubber member for covering a conductive part that provides electrical
connection between a spark plug and a power supply member for power supply to the
spark plug, the spark plug comprising an insulator and a terminal electrode protruding
toward the rear from a rear end of the insulator,

wherein the rubber member includes one end portion in which the spark plug is
inserted with a ring member arranged on the rubber member so as to increase a contact
pressure between the insulator and the rubber member; and

wherein the rubber member has at least one of a recess and a protrusion formed
on an outer circumferential surface thereof according to the shape of an inner
circumferential surface portion including at least a part of an inner circumferential surface
of the ring member.

[0028]  Inthe above configuration, the ring member is arranged on the outer
circumference of the rubber member to enhance the press contact between the insulator of

the spark plug and the rubber member.  Further, displacement of the ring member relative
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to the rubber member is suppressed by the recess or protrusion. It is therefore possible to
increase the sealing between the rubber member and the spark plug for improvement in
current leakage resistance.

[0029]  [Application Example 12]

A ring member for use with a rubber member, the rubber member covering a
conductive part that provides electrical connection between a spark plug and a power
supply member for power supply to the spark plug, the spark plug comprising an insulator
and a terminal electrode protruding toward the rear from a rear end of the insulator,

wherein the ring member is arranged on an outer circumference of the rubber
member so as to, when the spark plug is inserted in one end portion of the rubber member,
increase a contact pressure between the insulator and the rubber member.

[0030] In the above configuration, the ring member is arranged to enhance the press
contact between the insulator of the spark plug and the rubber member. It is therefore
possible to increase the sealing between the rubber member and the spark plug for
improvement in current leakage resistance.

[0031] [Application Example 13]

The ring member according to Application Example 12,

wherein the ring member has at least one of a recess and a protrusion formed on
an inner circumferential surface thereof.

[0032]  In the above configuration, it is possible to suppress displacement of the ring
member relative to the rubber member by the recess or protrusion.

[0033] It should be noted that the present invention can be embodied in various forms
such as not only a plug cap for a spark plug but also a plug cord for a spark plug, an
ignition coil unit for a spark plug and the like.

Brief Description of the Drawings

[0034]  FIG. 1 is a schematic view of a plug cap 100 according to a first embodiment of
the present invention.

FIG. 2 is a schematic view of the vicinity of a ring member 80 of the plug cap
100 according to the first embodiment of the present invention.

FIG. 3 is a schematic view of a plug cord 200 according to a second

embodiment of the present invention.

FIG. 4 is a schematic view of an ignition coil-integrated plug cap 300 according
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to a third embodiment of the present invention.
FIG. 5 is a schematic view of the vicinity of a ring member 80 of a plug cap

according to a fourth embodiment of the present invention.
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FIG. 6 is a cross-sectional view of the plug cap according to the fourth
embodiment of the present invention, as taken along line A-A of FIG. 5.

FIG. 7 is a cross-sectional view showing plug caps according to modifications of
the present invention.

FIG. 8 is a first schematic view showing ring members and rubber members
according to modifications of the present invention.

FIG. 9 is a second schematic view showing ring members and rubber members
according to modifications of the present invention.

FIG. 10 is a schematic view showing ring members according to modifications
of the present invention.
Description of Embodiments
[0035] A. First Embodiment

A—1. Overall Structure of Plug Cap 100

Hereinafter, a first embodiment of the present invention will be described below.

FIG. 1 shows a plug cap 100 according to the first embodiment of the present invention,
where FIG. 1(A) is a cross-sectional view of the plug cap 100; and FIG. 1(B) is an external
view of the plug cap 100.

[0036]  Asshown in FIG. 1, the plug cap 100 includes a resin part 10, a cord fixing
screw 20, a metal plate 40, a connection spring 40, a resistor 50, a metal connector member
60, a rubber member 70 and a ring member 80 in the first embodiment.

[0037]  The resin part 10 is made of a high heat-resistant thermosetting resin such as
unsaturated polyester resin or phenol resin.  Namely, the resin part 10 is made of a resin
material having higher hardness than that of the rubber member 70. The resin part 10 is
accordingly also called “high hardness part”. The expression “hardness” used herein
refers to a hardness value as measured according to the method defined by JIS K
6253:2012 (i.e. durometer type spring method).

[0038]  The resin part 10 includes a first structure portion 11 formed in a cylindrical
shape along a first axis CL1 and a second structure portion 12 formed in a cylindrical
shape along a second axis CL2. Herein, the cylindrical shape is not necessarily perfect
circular cylindrical and may be substantially cylindrical. For example, the outer or inner

diameter of the cylindrical shape may vary depending on the position in the axis direction
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of the axis. It should be noted that: the direction toward the lower side of FIG. 1 in
parallel to the first axis CL1 is referred to as “first direction D17; the direction toward the
upper side of FIG. 1 in parallel to the first axis CL1, i.e., the direction opposite to the first
direction D1 is referred to as “second direction D2”; the direction from the lower left side
to the upper right side of FIG. 1 in parallel to the second axis CL2 is referred to as “third
direction D3”; and the direction from the upper right side to the lower left side of FIG. ! in
parallel to the second axis CL2 is referred to as “fourth direction D4”. A second direction
D2 end of the first structure portion 11 and a fourth direction D4 end of the second
structure portion 12 are connected to each other. |

[0039]  InFIG 1, the angle formed between the first axis CL1 and the second axis CL2,
i.e., the angle (minor angle) formed between the first structure portion 11 and the second
structure portion 12 is set to about 100 degrees. The angle between the first and second
structure portions 11 and 12 is not however limited to this value and may be set tb any
other value e.g. 60 degrees, 90 degrees or 120 degrees.

[0040]  The first structure portion 11 has a first hole 11A formed therein with a first
direction D1 end thereof open and a second direction D2 end thereof closed. The first
hole 11A is circular cylindrical in shape along the first axis CL1.

[0041]  The second structure portion 12 has a second hole 12A formed therein with a
third direction D1 end thereof open and a fourth direction D4 end thereof closed. The
second hole 12A is circular cylindrical in shape along the second axis CL2.

[0042]  The cord fixing screw 20 is made of a conductive metal material (such as brass).
The cord fixing screw 20 includes a head portion oriented in the fourth direction D4 and a
maie thread portion oriented in the third direction D3.  The head portion of the cord fixing
screw 20 is embedded in a region of the resin part 10 between the first hole 11A and the
second hole 12A.  The male thread portion of the cord fixing screw 20 is arranged inside
the second hole 12A.

[0043]  The cord fixing screw 20 is used to connect a plug cord (not shown) to the plug
cap 100. Herein, the plug cord serves as a power supply member for power supply to a
spark plug. At the time of connection of the plug cord to the plug cap 100, an end portion
of the plug cord is inserted in the second hole 12A and screwed onto the cord fixing screw
20. By such screw connection, a lead wire inside the plug cord is electrically connected

to the cord fixing screw 20.
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[0044]  The spring 40 is made of a conductive metal member (such as stainless steel)
and is arranged inside the first hole 11A in a state of being compressed in the direction of
the first axis CL1.

[0045]  The metal plate 30 is made of a conductive metal material (such as brass) and is
embedded in a region of the resin part 10 between the bottom of the first hole 11A and the
bottom of the second hole 12A. A second direction D2 end of the metal plate 30 is
brought into contact with the head portion of the cord fixing screw 20. A first direction
D1 end of the metal plate 30 is exposed inside the first hole 11A and brought into contact
with a spring bearing 31.  The spring bearing 31 is provided with a recess such that the |
connection spring 40 is fixed in the spring bearing 31 by placing a second direction D2 end
of the connection spring 40 in the recess and crimping the spring bearing 31 from the
radially outer circumferential side.

[0046] The resistor 50 is cylindrical-shaped and arranged inside the first hole 11A at a
location on the first direction D1 side with respect to the connection spring 40. A second
direction D2 end of the resistor 50 is brought into contact with a first direction D1 end of
the connection spring 40. The resistor 50 is made of a conductive ceramic material with a
predetermined resistance (e.g. 5 k€2) and is used for suppression of electrical noise.

[0047]  The metal connector member 60 is made of a conductive metal material (such as
brass) in a cylindrical shape. The metal connector member 60 includes a head portion 61
and an exposure portion 63 arranged on the first direction D1 side of the head portion 61.
The head portion 61 is fixed by screwing in the first hole 11A of the first structure portion
11. A second direction D2 end of the head portion 61 is brought into contact with a first
direction D1 end of the resistor 50.

[0048]  The exposure portion 63 is exposed from the open end of the first hole 11A of
the first structure portion 11, that is, protrudes in the first direction D1 from a first direction
D1 end of the first structure portion 11.

A plug insertion hole 65 is formed in the exposure portion 63 such that, at the
time of use of the plug cap 100, a terminal electrode on the rear end of the spark plug (not
shown) is inserted in the plug insertion hole 65 from the first direction D1 side toward the
second direction D2 side.

[0049] A groove 631 is formed in an outer circumference of the exposure portion 63

such that an annular connector spring 3 is engaged in the groove 631. A cut is formed in



10

15

20

25

30

CA 02945273 2016-10-07
10

the groove 631 in communication with the plug insertion hole 65. A part of the connector
spring 3, when engaged in the groove 631, is exposed to the plug insertion hole 65 through
the cut. The terminal electrode of the spark plug inserted in the plug insertion hole 65 is
fixed in the plug insertion hole 65 by the part of the connector spring 3 exposed to the plug
insertion hole 65.

[0050]  The cord fixing screw 20, the metal plate 30, the spring bearing 31, the
connection spring 40, the resistor 50 and the metal connector member 60 are electrically
conductive and electrically connected to one another. These conductive components 20
to 60 function together as a conductive part to provide electrical connection between the
plug cord and the spark plug upon connection of the plug cord to the cord fixing screw 20
and connection of the spark plug to the metal connector member 60. By contrast, the
resin part 10 functions as a resin insulator arranged around the conductive components 20
to 60.

[0051]  The rubber member 70 is made of a rubber material such as silicone rubber. In
the first embodiment, the rubber member 70 is arranged to cover not only the resin part 10
but also the whole of the conductive components 20 to 60. The rubber member 70
includes a first body portion 71 arranged on an outer circumference of the first structure
portion 11 of the resin part 10 and a second body portion 72 arranged on an outer
circumference of the second structure portion 12 of the resin part 10. The rubber member
70 also includes a plug cover portion 73 arranged on the first direction D1 side of the first
body portion 71 and a cord cover portion 74 arranged on the third direction D3 side of the
second body portion 72. ‘

[0052]  The plug cover portion 73 has a cylindrical shape with a hole 73 A defined by an
inner circumferential surface 73F thereof. In a state where the spark plug (see FIG. 2) is
connected to the metal connector member 60 of the plug cap 100, the inner circumferential
surface 73F of the plug cover portion 73 is brought into intimate contact with an outer
circumferential surface of the spark plug so as to prevent the occurrence of current leakage
through between the inner circumferential surface 73F and an outer circumferential surface
of an insulator (insulating part) IN of the spark plug SP and to avoid the entry of water
from the outside into the plug cap 100 and thereby reduce the possibility of current leakage
caused by such water entry. In the first embodiment, the outer diameter of the first body

portion 71 is set equal to the outer diameter of the plug cover portion 73.  The cord cover
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portion 74 has a cylindrical shape with a hole 74A defined by an inner circumferential
surface thereof. In a state where the plug cord (not shown) is connected to the cord fixing
screw 20 of the plug cap 100, the inner circumferential surface of the cord cover portion 74
is brought into intimate contact with an outer circumferential surface of the plug cord so as
to prevent the occurrence of current leakage and to avoid the entry of water from the
outside into the plug cap 100.

[0053]  Asunderstood from the above explanation, the rubber member 70 is brought at
one end portion (third direction D3 side portion) thereof into contact with the outer
circumferential surface of the plug cord and at the other end portion (first direction D1 end
portion) thereof into contact with the outer circumferential surface of the spark plug during
use of the plug cap 100.

[0054]  Moreover, a fixing portion 75 is formed on an outer circumference of the first
body portion 71 such that the plug cap 100 is fixed in a plug hole of an internal combustion
engine (not shown) by means of the fixing portion 75.

[0055]  The ring member 80 is made of a material having higher hardness than that of
the rubber member 70. For example, the ring member 80 can be made of a thermosetting
resin such as unsaturated polyester resin or phenol resin as in the case of the resin part 10.
[0056]  The structure of the ring member 80 will be explained in more detail below with
reference to FIG. 2. FIG. 2 is a cross-sectional view of the vicinity of the ring member 80
of the plug cap 100 in a state where the spark plug SP is connected to the plug cap 100 by
insertion in one end portion (plug cover 73 side end portion) of the rubber member 70.

As shown in FIG. 2, the spark plug SP has the insulator IN and the terminal electrode TE
protruding toward the rear (second direction D2 side) from a rear end (second direction D2
end) of the insulator IN.  The terminal electrode TE is inserted in the plug insertion hole
65 of the metal connector member 60. The insulator IN is arranged in the hole 73A of the
plug cover portion 73.  In this state, the outer circumferential surface of the insulator IN
of the spark plug SP is brought into contact with the inner circumferential surface 73F of
the plug cover portion 73.

[0057]  The ring member 80 is arranged on an outer circumference of the rubber
member 70 (more specifically, on outer circumferences of the first body portion 71 and the
plug cover portion 73).  The ring member 80 has a first direction D1 end 81 located at the

same position in the axis direction (i.e. the direction of the axis CL1) as a first direction D1
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end of the plug cover portion 73. In other words, the first direction D1 end 81 of the ring
member 80 is located on the front side (first direction D1 side) with respect to the rear end
(second direction D2 end) of the insulator IN of the spark plug SP in the axis direction
during use of the plug cap.

[0058]  On the other hand, the ring member 80 has a second direction D2 end 82 located
on the second direction D2 side with respect to the position P1 of a first direction D1 end
of the metal connector member 60 in the axis direction and, at the same time, on the
second direction D2 side with respect to the position P2 of the first direction D1 end of the
first structure portion 11 of the resin part 10 in the axis direction. Further, the second
direction D2 end 82 of the ring member 80 is located on the first direction D1 side with
respect to the second direction D2 end of the rubber member 70 in the axis direction.
[0059]  As explained above, the outer circumferential surface of the insulator IN of the
spark plug SP is brought into contact with the inner circumferential surface of the plug
cover portion 73 such that pressure is applied from the outer circumferential surface of the
insulator IN to the inner circumferential surface of the plug cover portion 73.  In addition,
the inner diameter of the ring member 80 is set smaller than the outer diameter of the plug
cover portion 73 of the rubber member 70 such that pressure is applied from the inner
circumferential surface of the ring member 80 to the outer circumferential surface of the
plug cover portion 73.

[0060]  In the first embodiment, the front end (first direction D1 end 81) of the ring
member 80 is located on the front side (first direction D1 side) with respect to the rear end
(second direction D2 end) of the insulator IN of the spark plug SP.  That is, the insulator
IN of the spark plug SP is arranged radially inside the inner circumferential surface of the
ring member 80 with the rubber member disposed therebetween. As aresult, the pressure
of contact (contact pressure) between the inner circumferential surface of the plug cover
portion 73 of the rubber member 70 and the outer circumferential surface of the insulator
IN of the spark plug SP is increased to increase the sealing between the rubber member and
the spark plug and improve the current leakage resistance of the plug cap 100. More
speciﬁcally, when the spark plug SP is inserted in one end portion of the rubber member 70,
the ring member 80 prevents the plug cover portion 73 from expanding radially outwardly
and thereby increases the contact pressure between the inner circumferential surface of the

plug cover portion 73 and the outer circumferential surface of the insulator IN of the spark
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plug SP. It is therefore possible to increase the sealing between the rubber member and
the spark plug and improve the current leakage resistance of the plug cap so that, for
example, the entry of water into the plug cap 100 is avoided to suppress a flow of leak
current.

[0061]  Further, the rear end (second direction D2 end 82) of the ring member 80 is
located on the rear side (second direction D2 side) with respect to the front end (first
direction D1 end) of the metal connector member 60 (see FIG. 2). It is thus possible to
further improve the current leakage resistance of the plug cap.

[0062]  For more detailed explanation, assumed is the case where the ring member 80 is
not provided or the case where the rear end of the ring member 80 is located on the front
side with respect to the front end of the metal connector member 60. In these cases,
vibration tends to become large at the position of the metal connector member 60, i.e., at
the position of the terminal electrode TE of the spark plug SP because the plug cover
portion 73 is made of relatively soft (low hardness) rubber.  This vibration of the plug cap
100 leads to the generation of a powder from the conductive part (e.g. a metal powder from
the metal connector member 60) inside the plug cap 100. The generated metal powder
becomes a cause of current leakage. In the first embodiment, however, the rear end of the
ring member 80, which is higher in hardness than the rubber member 70, is located on the
rear side with respect to the front end of the metal connector member 60 so that vibration
of the plug cap 100 1s suppressed. It is thus possible to increase the vibration resistance
of the plug cap 100, prevent the generation of a metal powder and thereby further improve
the current leakage resistance of the plug cap 100.

[0063]  The resin part 10 (high hardness part), which is higher in hardness than the
rubber member 70, is provided in the plug cap 100. It is thus possible to increase the
strength of the plug cap 100 so that, for example, the vibration resistance of the plug cap
100 is further increased to suppress the generation of a metal powder and improve the
current leakage resistance.

[0064]  Furthermore, the rear end (second direction D2 end 82) of the ring member 80
is located on the rear side with respect to the front end (first direction D1 end) of the resin
part 10. That is, the rear end of the ring member 80, which is higher in hardness than the
rubber member 70, is located on the rear side with respect to the front end of the resin part

10, which is higher in hardness than the rubber member 70. The ring member 80 and the
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resin part 10, both of which are relatively high in hardness, are arranged to overlap each
other when viewed in the radial direction. In this arrangement, the entire outer
circumference of the metal connector member 60 is covered by at least either the relatively
hard ring member 80 or resin part 10 so that the vibration resistance of the plug cap 100 is
further increased. It is thus possible to further improve the current leakage resistance of
the plug cap 100.
[0065] B. Second Embodiment

FIG. 3 shows a plug cord 200 according to a second embodiment of the present
invention, where FIG. 3(A) is a schematic view of the plug cord 200 in a state where a
spark plug SP is not connected to the plug cord; and FIG. 3(B) is a schematic view of the
plug cord 200 in a state where the spark plug SP is connected to the plug cord.
[0066]  In the second embodiment, the plug cord 200 includes a cord body CD, a rubber
member 270 arranged on the front side (first direction D1 side) of the cord body CD, a
metal connector member 260 arranged inside the rubber member 270 and a ring member
280.
[0067]  The rubber member 270 is made of a material similar to the material of the
rubber member 70 of the first embodiment. The rubber member 270 has a cylindrical
shape with its diameter gradually increasing from a second direction D2 end thereof
toward the first direction D1. A hole 270A is formed in the rubber member 270 so as to
be open in the front direction D1.
[0068]  The metal connector member 260 is used for connection of a terminal electrode
TE of the spark plug SP as in the case of the metal connector member 60 of the first
embodiment. Although detailed illustration and explanation will be omitted herefrom, the
cord body CD is electrically connected to a second direction D2 end of the metal connector
member 260.. Thus, the metal connector member 260 functions as a conductive part to
provide electrical connection between the plug cord and the spark plug in the second
embodiment. It can be said that the metal connector member 260 and the rubber member
270 are configured as a simple plug cap without the resistor 50 and the connection spring
40 according to a modification of the first embodiment.
[0069]  Arecess 278 is formed in a region of the outer circumferential surface of the
rubber member 270 close to a first direction D1 end of the rubber member 270 over the

entire circumference of the rubber member 270.  As shown in FIG. 3(B), the position of
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the recess 278 in the axis direction corresponds to the position of an insulator IN of the
spark plug SP in the state where the spark plug SP is connected to the plug cord 200.
[0070]  The ring member 280 is made of a material similar to the material of the ring
member 80 of the first embodiment, i.e., made of a material having higher hardness than
that of the rubber member 270. In the second embodiment, the length of the ring member
280 in the axis direction is set substantially equal to the length of the recess 278 in the axis
direction; and the inner diameter of the ring member 280 is set slightly smaller than the
outer diameter of the recess 278. Namely, the recess 278 is shaped according to the shape
of a portion including an inner circumferential surface of the ring member 280. The ring
member 280 is hence shifted in the first direction D1 relative to the position of FIG. 2(A)
and engaged in the recess 278.

[0071]  As shown in FIG. 3(B), the terminal electrode TE of the spark plug SP is
connected to the metal connector member 260 during use of the plug cord 200.  Further,
the ring member 280 is engaged in the recess 278 of the rubber member 270 during use.
The inner circumferential surface of the ring member 280 is consequently brought into
contact with the outer circumferential surface of the recess 278 of the rubber member 270
during use of the plug cord 200 such that pressure is applied from the inner circumferential
surface of the ring member 280 to the outer circumferential surface of the recess 278.
[0072]  As in the case of the plug cap 100 of the first embodiment, the plug cord 200 of
the second embodiment is characterized in that the front end (first direction D1 end) of the
ring member 280 is located on the front side (first direction D1 side) with respect to the
rear end (second direction D2 end) of the insulator IN of the spark plug SP.  As a result,
the contact pressure between the inner circumferential surface of the rubber member 270
and the outer circumferential surface of the insulator IN of the spark plug SP is increased.
It is therefore possible to increase the sealing between the rubber member 270 and the
spark plug SP and improve the current leakage resistance.

[0073]  Furthermore, the recess 278 is formed in the outer circumference of the rubber
member 270 in accordance with the shape of a portion including an inner circumferential
surface of the ring member 280. In this configuration, it is possible to suppress
displacement of the ring member 280 relative to the rubber member 270 and avoid
deterioration in the current leakage resistance of the plug cord 200 caused by displacement

of the ring member 280 during use of the plug cord.
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[0074] C. Third Embodiment

FIG. 4 is a schematic view of an ignition coil-integrated plug cap 300 according
to a third embodiment of the present invention. The ignition coil-integrated plug cap 300
is used by insertion into a plug hole of an internal combustion engine (not shown). In the
third embodiment, the ignition coil-integrated plug cap 300 includes a.coil unit 310, a
connection spring 340, a rubber member 370 and a ring member 380. The coil unit 310
has an ignition coil (not shown) installed therein, a connector 315 for connection of the
ignition coil to a power source (e.g. battery) and an output terminal 320 for output of
power supply from the ignition coil to a spark plug SP. The output terminal 320 thus
functions as a power supply member for power supply to the spark plug SP in the third
embodiment.
[0075]  The rubber member 370 is made of a material similar to the material of the
rubber member 70 of the first embodiment. The rubber member 370 has a cylindrical
shape with a through hole 370A formed therein. The spark plug SP is inserted in the
through hole 370A from a first direction D1 end of the rubber member 370. The output
terminal 320 of the coil unit 310 is inserted in the through hole 370A from a second
direction D2 end of the rubber member 370. A recess 378 is formed in a region of the
outer circumferential surface of the rubber member 370 close to the first direction D1 end
of the rubber member 370 over the entire circumference of the rubber member 370. As
shown in FIG. 4, the position of the recess 378 in the axis direction corresponds to the
position of an insulator IN of the spark plug SP in a state where the spark plug SP is
connected to the ignition coil-integrated plug cap 300.
[0076] The connection spring 340 is arranged inside the through hole 370A of the
rubber member 370, in a state of being compressed in the axis direction (first direction D1
and second direction D2), at a position between the output terminal 320 of the coil unit 310
and a terminal electrode TE of the spark plug SP. A second direction D2 end of the
connection spring 340 is brought into press contact with the output terminal 320. A first
direction D1 end of the connection spring 340 is brought into press contact with the
terminal electrode TE of the spark plug SP.  In the third embodiment, the connection
spring 340 functions as a conductive part to provide electrical connection between the
output terminal 320 and the spark plug SP.

[0077]  The ring member 380 is made of a material similar to the material of the ring
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member 80 of the first embodiment. In the third embodiment, the length of the ring
member 380 in the axis direction is set substantially equal to the length of the recess 378 in
the axis direction; and the inner diameter of the ring member 380 is set slightly smaller
than the outer diameter of the recess 378. Namely, the recess 378 is shaped according to
the shape of a portion including an inner circumferential surface of the ring member 380.
The ring member 380 is hence engaged in the recess 378.
{0078]  Asshown in FIG. 4, the terminal electrode TE of the spark plug SP is connected
to the metal connector member 360 during use of the ignition coil-integrated plug cap 300.
The inner circumferential surface of the ring member 380 is consequently brought into
contact with the outer circumferential surface of the recess 378 of the rubber member 370
during use of the ignition coil-integrated plug cap 300 such that pressure is applied to the
outer circumferential surface of the recess 378 as in the case of the second embodiment.
[0079] The ignition coil-integrated plug cap 300 of the third embodiment attains the
same effects as the plug cord 200 of the second embodiment. More specifically, the
ignition coil-integrated plug cap 300 of the third embodiment is also characterized in that
the front end (first direction D1 end) of the ring member 380 is located on the front side
(first direction D1 side) with respect to the rear end (second direction D2 end) of the
insulator IN of the spark plug SP.  As a result, the contact pressure between the inner
circumferential surface of the rubber member 370 and the outer circumferential surface of
the insulator IN of the spark plug SP is increased. It is therefore possible to increase the
sealing between the rubber member 370 and the spark plug SP and improve the current
leakage resistance.
[0080] Since the recess 378 is formed in the outer circumference of the rubber member
370, it is possible to avoid deterioration in the current leakage resistance of the ignition
coil-integrated plug cap 300 caused by displacement of the ring member 380 during use of
the ignition coil-integrated plug cap 300.
[0081] D. Fourth Embodiment

D—-1. Structure

FIG. 5 is a cross-sectional view of the vicinity of a ring member 80 of a plug cap
according to a fourth embodiment of the present invention. The fourth embodiment
shown in FIG. 5 is different from the first embodiment shown in FIG. 2 in that a region

73G of the inner circumferential surface of the rubber member 70 is not brought into the
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metal connector member 60. The other configurations of the plug cap of the fourth
embodiment are the same as those of the first embodiment. In the fourth embodiment, the
inner diameter of the rubber member 70 before attachment to the resin part 10 is set
smaller than the outer diameter of the resin part 10 (first structure portion 11) and greater
than the outer diameter of the exposure portion 63 of the metal connector member 60.

The inner circumferential surface of the rubber member 70 is consequently brought into
contact with the outer circumferential surface of the resin part 10 (first structure portion
11) at a certain degree of pressure. It is thus unlikely that the rubber member 70 will be
circumferentially inwardly deformed.

[0082]  Further, the inner diameter of the ring member 80 is set smaller than or equal to
the outer diameter of the rubber member 70 after attachment to the resin part 10 (first
structure portion 11), i.e., the outer diameter of a region of the rubber member 70 from the
axial position P2 to the axial position P3 in FIG. 5. The inner circumferential surface of a
region of the ring member 80 from the axial position P2 to the axial position P3 in FIG. 5 is
hence securely brought into contact with the outer circumferential surface of the rubber
member 70 at a certain degree of pressure. In the fourth embodiment, the axial position
P2 corresponds to the position of the front end of the resin part 10 (first structure portion
11); and the axial position P3 corresponds to the position of the rear end of the ring
member 80.

[0083]  The portion of the ring member 80 extending from the axial position P2 to the
axial position P3 for secure contact with the outer circumferential surface of the rubber
member 70 is herein called “contact portion 85”. The resin part 10 (first structure portion
11) is one example of high hardness part that is arranged around the outer circumference of
the conductive part (such as resistor 50) and covered by the rubber member 70 and has
higher hardness than that of the rubber member 70.

[0084] It can be said that the contact portion 85 is located at a position axially
overlapping the resin part 10, as the high hardness part, and brought into contact with the
outer circumferential surface of the rubber member 70. The length of the contact portion
85 in the axis direction is defined as “contact length .17, As there is a clearance left
between the inner circumferential surface of the rubber member 70 and the outer
circumferential surface of the exposure portion 63 of the metal connector member 60 on

the front side with respect to the axial position P2 in FIG. 5, the contact between the inner
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circumferential surface of the rubber member 70 and the outer circumferential surface of
the exposure portion 63 of the metal connector member 60 is not secured.  In
consequence, the contact between the inner circumferential surface of the ring member 80
and the outer circumferential surface of the rubber member 70 is not secured on the front
side with respect to the axial position P2 in FIG. 5.
[0085]  In the fourth embodiment, the contact portion 85 is provided in the plug cap so
that the ring member 80 is brought into contact with the rubber member 70 at the location
where two component parts of relatively high hardness (that is, the resin part 10 and the
ring member 80) axially overlap in position as explained above. It is therefore possible to
enhance the mating between the resin part 10 and the ring member 80 and further improve
the vibration resistance of the plug cap.
[0086] D-2. Evaluation Test

Twelve kinds of samples of the plug cap according to the fourth embodiment
(referred to as “evaluation samples™) and one kind of comparative plug cap sample
(referred to as “comparative sample”) were prepared and evaluated by vibration test.
Herein, the dimensions of the ring member 80 were varied among the twelve kinds of
evaluation samples.
[0087]  FIG. 6 shows a cross section of the plug cap as taken along line A-A of FIG. 5.
More specifically, FIG. 6(a) is a cross-sectional view of the plug cap as taken along line
A-A of FIG. 3, i.e., as taken though the contact portion 85 in the direction perpendicular to
the axis direction. FIG. 6(b) is a cross-sectional view of the plug cap as taken along line
A-A of FIG. 5 in a state where the ring member 80 is not yet arranged. For the sake of
simplification of illustration, the metal connector member 60 is omitted from FIG. 6(a) and
(b). Asshown in FIG. 6(a) and (b), each of the outer circumferential surface of the resin
part 10 (first structure portion 11), the outer circumferential surface of the rubber member
70 and the inner circumferential surface of the contact portion 85 of the ring member 80 is
circular in cross section. It is now assumed that: R1 is the outer diameter of the resin part
10 (first structure portion 11) as shown in FIG. 6(a) and (b); R2 is the inner diameter of the
ring member 80 (contact portion 85) as shown in FIG. 6(a); and R3 is the outer diameter of
the rubber member 70 in an uncompressed state as shown in FIG. 6(b). The
uncompressed state herein refers to a state where the ring member 80 is not arranged on the

outer circumference of the rubber member 70, that is, the rubber member 70 is not
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compressed radially inwardly by the inner circumferential surface of the ring member 80.
[0088]  The configurations common to the twelve kinds of evaluation samples are as
follows.

Outer diameter R1 of resin part 10: 12 mm

Outer diameter R3 of rubber member 70 in uncompressed state: 16 mm

Material of rubber member 70: silicone rubber (A60)

Material of ring member §0: phenol resin

Material of resin part 10: phenol resin

[0089] It is further assumed that: S1 is the area occupied by the rubber member 70, i.e.,
the area inside a circle representing the inner circumferential surface of the contact portion
85 and outside a circle representing the outer circumferential surface of the resin part 10 in
the cross section of FIG. 6(A); and S2 is the area occupied by the rubber member 70, i.e.,
the area of the rubber member 70 in the uncompressed state in the cross section of FIG.
6(B).

[0090]  There were provided four sample groups in which the ratio (S1/S2) was set to
0.97, 0.98, 0.99 or 1 by adjusting the inner diameter R2 of the ring member 80 and thereby
changing the area S1. In the sample group in which the ratio (S1/S2) was set to 1, the
outer diameter R3 of the rubber member 70 in the uncompressed state was equal to the
inner diameter R2 of the ring member 80 (R3 = R2) so that the outer circumferential
surface of the rubber member 70 was brought into contact with the inner circumferential
surface of the ring member 80 without the rubber member 70 being compressed radially
inwardly by the ring member 80. In the sample groups in which the ratio (S1/S2) was set
smaller than 1, i.e., set to 0.97, 0.98 or 0.99, the inner diameter R2 of the ring member 80
was smaller than the outer diameter R3 of the rubber member 70 in the uncompressed state
(R3 <R2) so that the rubber member 70 was compressed radially inwardly by the inner
circumferential surface of the ring member 80. The smaller the ratio (S1/52), the greater
the degree of compression of the rubber member 70.

[0091]  Each of the four sample groups of different ratio values (S1/52) was provided
with three kinds of samples. In these three kinds of samples of each sample group, the
contact length L1 shown in FIG. 5 was set to different values of 5 mm, 10 mm and 15 mm.
The evaluation samples with a ratio value (S1/52) of 0.96 or smaller were not provided

because the inner diameter R2 of the ring member 80 was too small relative to the outer
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diameter R3 of the rubber member 70 so that it was impossible to arrange the ring member
80 around the rubber member 70. |

[0092]  The configurations of the comparative sample were the same as those of the
evaluation samples except that the ring member 80 was not arranged.

[0093]  The vibration test was performed on each of the evaluation samples and the
comparative sample by mounting a fronvt end portion of a spark plug SP to a vibration test
machine, with the sample attached to the spark plug SP, and then, vibrating the spark plug
SP in a direction perpendicular to the axis direction. In this test, the spark plug SP was
subjected to log sweep vibration with an acceleration of 30 G.  The log sweep vibration
was herein applied by 20 hours of repeated vibration cycles, in each of which frequency
was increased from 50 Hz to 500 Hz at a logarithmic sweep rate and then decreased from
500 Hz to 50 Hz at a logarithmic sweep rate. One cycle was conducted over 6 minutes.
After applying the vibration, the plug cap sample was detached from the spark plug SP and.
visually tested for the amount of a metal powder adhered to the inside of the rubber
member 70. The metal powder was generated by shaving of the metal connector member
60 due to friction between a terminal electrode TE of the spark plug SP and the metal
connector member 60. Since the metal powder becomes a cause of current leakage, it can
be said that the less the amount of the metal powder generated by the vibration, the higher
the vibration resistance of the sample.

[0094]  In the comparative sample, there was found a large amount of the metal powder
which could lead to a very high possibility of current leakage. The amount of the metal
powder found in the evaluation sample was evaluated with reference to the amount of the
metal powder found in the comparative example. The evaluation grade of the
comparative sample was set as “D”.  The evaluation grade of the evaluation sample was
set as “A” in the case where there was found almost no metal powder. The evaluation -
grade of the evaluation sample was set as “B” in the case where the metal powder was
found in a slight amount but would not be a cause of current leakage. The evaluation
grade of the evaluation sample was set as “C” in the case where the metal powder was

found in a certain amount such that the possibility of current leakage could not be denied.
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[0095] TABLE 1

Surface ratio (S1/S2)
0.97 0.98 0.99 |
5 A A A C
Contact
length 10 A A A C
L1 (mm) 15 B B B C

[0096]  TABLE 1 shows the evaluation test results.  All of the evaluation samples had
an evaluation grade of “C” or higher. There was no evaluation sample with an evaluation
grade of “D”. It has been apparent from these results that it is possible to improve the
vibration resistance of the plug cap by the arrangement of the ring member 80.

[0097]  More specifically, the three evaluation samples in which the ratio (S1/S2) was 1
had an evaluation grade of “C” irrespective of the contact length L1. By contrast, the
nine evaluation samples in which the ratio (S1/S2) was 0.99 or smaller had an evaluation
grade of “B” or higher. In other words, the evaluation samples of 0.97 < (S1/S2) <0.99
had higher vibration resistance than those of (S1/82) = 1.

[0098]  The reason for this is assumed as follows. When the ratio (S1/S2) was smaller
than or equal to 0.99, the rubber member 70 was compressed between the inner
circumferential surface of the contact portion 85 and the outer circumferential surface of
the resin part 10. In such a state, the contact pressures between the contact portion 85 and
the rubber member 70 and between the resin part 10 and the rubber member 70 was
secured adequately so as to enhance the mating between the relatively hard resin part 10
and ring member 80 and thereby more effectively suppress the friction between the
terminal electrode TE of the spark plug SP and the metal connector member 60.

Therefore, the vibration resistance of the plug cap was further improved.

[0099]  Among the nine evaluation samples of 0.97 < (S1/52) <0.99, the six evaluation
samples in which the contact length L1 was 5 mm or 10 mm had an evaluation grade of
“A”; and the three evaluation samples in which the contact length L1 was 15 mm had an
evaluation grade of “B”.  In other words, the evaluation samples in which the contact
length L1 was smaller than or equal to 10 mm had higher vibration resistance than those in
which the contact length .1 was greater than 10 mm.

[0100]  The reason for this is assumed as follows. When the contact length L1 was
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greater than 10 mm, the mating force between the resin part 10 and the ring member 80
became excessive. Then, the so-called “play” between the resin part 10 and the ring
member 80, by which vibration of the spark plug SP was absorbed, became too small so
that vibration of the spark plug SP was directly transferred to the plug cap. The friction
between the terminal electrode TE of the spark plug SP and the metal connector member
60 was therefore increased to cause deterioration in the vibration resistance of the plug cap.
[0101]  As mentioned above, it has been shown by the evaluation test results that it is
preferable for the plug cap of the fourth embodiment to satisfy the condition of 0.97 <
(S1/582) <£0.99. In this configuration, the contact portion 85 of the ring member 80 is
brought into contact with the rubber member 70 at adequate pressure. It is thus possible
to further improve the vibration resistance of the plug cap.
[0102] It has also been shown that it is preferable that the contact length L1 is smaller
than or equal to 10 mm. In this configuration, the ring member 80 is brought into contact
with the rubber member 70 at adequate pressure without causing excessive mating force
between the resin part 10 and the ring member 80. It is thus possible to further improve
the vibration resistance of the plug cap.
[0103] E. Modifications

(1) In the above fourth embodiment, the inner circumferential surface of the
ring member 80 is not necessarily circular in shape when viewed in cross section in the
direction perpendicular to the axis direction. FIG. 7 shows a cross section of a modified
example of the plug cap, as corresponding to the A-A cross section of FIG. 6. As in the
case of FIG. 6, the metal connector member is omitted from FIG. 7. The ring member
80H of FIG. 7(a) has a plurality of radially inward protrusions 87 formed on an inner
circumferential surface thereof. Radially inner ends of the plurality of protrusions 87 are
brought into contact with the outer circumferential surface of the rubber member 70. The
plurality of protrusions 87 extend over the entire length of the ring member 80 in the axis
direction in this modified example. It is preferable that the plurality of protrusions 87
extend over at least the entire length of the contact portion 85 in the axis direction so as to
secure the contact between the contact portion 85 of the ring member 80 and the outer
circumferential surface of the rubber member 70. In the fourth embodiment, the whole of
the inner circumferential surface of the contact portion 85 is brought into contact with the

outer circumferential surface of the rubber member 70 so that there are likely to occur
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regions of high and low contact pressures. In consequence, the contact pressure between
the contact portion 85 and the rubber member 70 may not be stabilized in the fourth
embodiment. In this modified example, by contrast, the plurality of protrusion 87 of the
contact portion 85 are brought into contact at radially inner sides thereof with the outer
circumferential surface of the rubber member 70; and the other part of the contact portion
85 is not brought into contact with the rubber member 70. By such contact, the contact
pressure between the contact portion 85 and the rubber member 70 is stabilized. It is thus
possible to further improve the vibration resistance of the plug cap.

[0104]  Although four protrusions 87 are spaced at equal intervals of 90 degrees, the
arrangement and number of the protrusions 87 is not limited to this example. It is
however preferable that the protrusions are spaced apart from each other in the
circumferential direction. In the case where the ring member 80 has three protrusions 87,
for example, it is preferable that these three protrusions 87 are spaced at intervals of 120
degrees. In general, in the case where the number ofprotruéions 87 is N (where N is an
integer of 2 or greater), it is preferable that the protrusions 87 are spaced at intervals of
(360/N) degrees. |

[0105] (2) In the above fourth embodiment, the outer circumferential surface of the
rubber member 70 is not necessarily circular in shape when viewed in cross section in the
direction perpendicular to the axis direction. The rubber member 70H of FIG. 7(b) has a
plurality of radially outward protrusions 77 formed on an outer circumferential surface
thereof. Radially outer ends of the plurality of protrusions 77 are brought into contact
with the inner circumferential surface of the ring member 80 (contact portion 85). The
plurality of protrusions 77 extend, at positions axially facing the outer circumference of the
ring member 80, by a length corresponding to the entire length of the ring member 80 in
the axis direction. It is preferable that the plurality of protrusions 77 extend, at positions
facing at least the outer circumference of the contact portion 85, by a length corresponding
to the entire length of the contact portion 85 so as to secure the contact between the inner
circumferential surface of the contact portion 85 of the ring member 80 and the rubber
member 70. In this modified example, the plurality of protrusion 77 of the ring member
70 are brought into contact at radially outer sides thereof with the inner circumferential
surface of the ring member 80; and the other part of the rubber member 70 is not brought

into contact with the ring member 80. By such contact, the contact pressure between the
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contact portion 85 and the rubber member 70 is stabilized. It is thus possible to stabilize
further improve the vibration resistance of the plug cap.

[0106]  Although four protrusions 77 are spaced at equal intervals of 90 degrees, the
arrangement and number of the protrusions 77 is not limited to this example as in the case
of the protrusions 87 of the above modified example (1). It is however preferable that the
protrusions 77 are spaced apart from each other in the circumferential direction. In
general, in the case where the number of protrusions 77 is N (where N is an integer of 2 or
greater), it is preferable that the protrusions 77 are spaced at intervals of (360/N) degrees.
[0107]  (3) The rubber member 70 is made of silicone rubber with a hardness of A60
in the above fourth embodiment. The material of the rubber member 70 is however not
limited to the silicone rubber. Various insulating rubber materials are usable as the
material of the rubber member 70. For example, the rubber member 70 can be made of
ethylene-propylene-diene rubber (EPDM rubber). In general, the insulating rubber
material does not include air bubbles so that the possible compression degree of the rubber
material is substantially constant irrespective of the kind of the rubber material. For this
reason, it is possible to ensure the high vibration resistance of the plug cap by satisfaction
of 0.97 <(S1/52) <0.99 irrespective of the kind of the rubber material.

[0108]  (4) For secure contact between the contact portion 85 of the ring member 80
and the rubber member 70 in the fourth embodiment, the inner circumferential surface of

the rubber member 70 is brought into contact with the outer circumferential surface of the

- resin member 10 so that the rubber member 70 is made unlikely to circumferentially

inwardly deformed. It is feasible, by modifying the shape of the rubber member 70 or the
shape of the exposure portion 63 of the metal connector member 60 and thereby bringing
the inner circumferential surface of the rubber member 70 into contact with the outer
circumferential surface of the exposure portion 63 of the metal connector member 60, to
make the rubber member 70 unlikely to be circumferentially inwardly deformed. For
example, the inner circumferential surface of some region 73H of the rubber member 70 is
brought into contact with the outer circumferential surface of the rear end region of the
exposure portion 63 in the first embodiment of FIG. 2.  In this case, the contact between
the outer circumferential surface of the rubber member 70 and the inner circumferential
surface of the ring member 80 is secured in the range from the front end position P4 of the

region 73H of the rubber member 70, which is brought into contact with the exposure
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portion 63 of the metal connector member 60, to the rear end position P3 of the ring
member 80. Namely, the ring member 80 has a contact portion 85 over the range from
the front end position P4 of the region 73H to the rear end position P3 of the ring member
80 as shown in FIG. 2 in the first embodiment. The length from the front end position P4
of the region 73H to the rear end position P3 of the ring member 80 in the axis direction is
then defined as the contact length L.1.  As mentioned above, it is preferable that the
contact portion 85 is located at a position axially overlapping at least one of the metal
connector member 60 (exposure portion 63) and the resin part 10 and is brought into
contact with the outer circumferential surface of the rubber member 70. In the case where
the connector member 60 (exposure portion 63) and the contact portion 85 axially overlap
in position, it is more preferable for the purpose of vibration resistance improvement to
satisfy the condition of 0.97 < (S1/52) <0.99 where S1 is the area inside a circle
representing the inner circumferential surface of the contact portion 85 and outside a circle
representing the outer circumferential surface of the connector member 60 (exposure
portion 63).

[0109] (5) The shapes of the ring members and the methods of fixing of the ring
members to the rubber members in the above embodiments are merely examples and are
not limited to these examples. For instance, FIGS. 8 and 9 show modified examples of
the ring member 80 and the rubber member 70 of FIG. 2.

[0110]  The ring member 80B of FIG. 8(A) has a protrusion 83B formed at an axially
middle location on an inner circumferential surface thereof. The protrusion 83B extends
over the entire circumference of the inner circumferential surface of the ring‘ member 80B.
The plug cover portion 73B of the rubber member of FIG. 8(A) has a recess 732B formed
in an outer circumferential surface thereof in accordance with the shape of the protrusion

83B. The ring member 80B is fixed to the rubber member by engagement of the

. protrusion 83B of the ring member 80 in the recess 732B of the rubber member.

[0111] The ring member 80C of FIG. 8(B) has two recesses 83C and 84C formed in an
inner circumferential surface thereof. The recesses 83C and 84C extend over the entire
circumference of the inner circumferential surface of the ring member 80C. The plug
cover portion 73C of the rubber member of FIG. §(B) has protrusions 733C and 734C
formed on an outer circumferential surface thereof in accordance with the respective

shapes of the recesses 83C and 84C. The ring member 80C is fixed to the rubber member
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by engagement of the protrusions 733C and 734C of the rubber member in the recesses
83C and 84C of the ring member 80C.

[0112]  The ring member 80D of FIG. 8(C) has an inner diameter increasing from the
second direction D2 side toward the first direction D1 side. The plug cover portion 73D
of the rubber member of FIG. 8(C) has an outer diameter increasing from the second
direction D2 side toward the first direction D1 side in accordance with the inner diameter
of the ring member 80. The ring member 80D is fixed to the rubber member by contact
of the diameter-increasing inner circumferential surface of the ring member 80D with the
diameter-increasing outer circumferential surface of the plug cover portion 73D.  In
particular, the ring member 80D is effectively prevented from falling off in the first
direction D1. Further, the pressure applied from the inner circumferential surface of the
ring member 80D to the outer circumferential surface of the plug cover portion 73D is
increased as the axial position of the ring member 80D is shifted in the first direction D1
relative to the plug cover portion 73D.  The pressure applied from the ring member 80C
to the plug cover portion 73D is hence adjusted to an adequate degree by changing the
axial position of the ring member 80C.

[0113]  The ring member 80E of FIG. 9(A) has a protrusion 83E formed at an axially
middle location on an inner circumferential surface thereof as in the case of the protrusion
80B of FIG. 8(A). As in the case of the plug cover portion 73B of the rubber member of
the FIG. 8(A), the plug cover portion 73E of the rubber member of FIG. 9(A) has a recess
732E formed on an outer circumferential surface thereof in accordance with the shape of
the protrusion 83E.  Further, the ring member 80E of FIG. 9(A) has an inner diameter
increasing from the second direction D2 side toward the first direction D1 side as in the
case of the ring member 80D of FIG. 8(C). As in the case of the plug cover portion 73D
of FIG. 8(C), the plug cover portion 73E of the rubber member of FIG. 9(A) has an outer
diameter increasing from the second direction D2 side toward the first direction D1 side in
accordance with the inner diameter of the ring member 80E.

[0114]  In the modified example of FIG. 9(A), the ring member 80E is fixed to the
rubber member by not only engagement of the protrusion 83E of the ring member 80E in
the recess 732E of the rubber member but also contact of the diameter-increasing inner
circumferential surface of the ring member 80E with the diameter-increasing outer

circumferential surface of the plug cover portion 73E. It is thus possible to more firmly
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fix the ring member 80E to the rubber member.

[0115]  The ring member 80F of FIG. 9(B) has two recesses 83F and 84F formed in an
inner circumferential surface thereof. Differently from the recess 83C of FIG. 8(B), the
recess 83F has a second direction D2 side region gradually increasing in diameter from the
second direction D2 side toward the first direction D1 side. Differently from the recess
84C of FIG. 8(B), the recess 84F has a first direction D1 side region gradually decreasing
in diameter from the second direction D2 side toward the first direction D1 side. Further,
the plug cover portion 73F of the rubber member of FIG. 9(B) has protrusions 733F and
734F formed on an outer circumferential portion thereof in accordance with the respective
shapes of the recesses 83F and 84F. The ring member 80F is fixed to the rubber member
by engagement of the protrusions 733F and 734F of the rubber member in the recesses 83F
and 84F of the ring member §OF.

[0116]  Inthe modified example of FIG. 9(C), two ring members 80G and 80H are
provided. The metal connector member 60 and the resin part 10 are arranged radially
inside the ring member 80G.  The insulator IN of the spark plug SP is arranged radially
inside the ring member 80H. In this case, vibration of the plug cap is suppressed by the
ring member 80G; whereas the entry of water is avoided by the ring member 80H. It is
thus possible to improve the current leakage resistance of the plug cap.

[0117]  (6) In the above embodiments, the ring member 80 is not necessarily perfect
circular in shape when viewed in the axis direction and can be provided in various shapes.
FIG. 10 shows modified examples of the ring member. The ring member 801 of FIG.
10(A) has an outer circumferential surface formed in a polygonal shape, more specifically,
octagonal shape when viewed in the axis direction. The ring member 80J of FIG. 10(B)
has a plurality of grooves 83J formed in an inner circumferential surface thereof such that
the grooves 83J extend in the axial direction. ~Against the ring member 80J of FIG. 10(B),
the plug cover portion 73 of the rubber member may or may not have a plurality of
protrusions formed on an outer circumferential surface thereof such that the protrusions
extend in the axis direction and engage in the grooves 83J. The ring member 80K of FIG.
10(C) has a cut 83K.  As shown in FIG. 10(A) to (C), it is sufficient that the ring member
is substantially ring-shaped when viewed in the axis direction. The ring member may
have a recess, a protrusion or a linear region on the inner or outer circumferential surface

thereof or may have a cut in the part thereof. It is feasible to form the ring member in any
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shape regarded as substantially ring shape.

[0118]  (7) The specific structure of the plug cap 100 as shown in FIG. 1 is merely one
example and is not limited to this example. For instance, the axial positions of the
resistor 50 and the connection spring 40 may be opposite. The first and second holes 11A
and 12A of the resin part 10 may be formed as a single curved hole. In such a case, it is
feasible to omit the metal plate 30 and electrically connect the cord fixing screw 20 and the
resistor 50 via a curved connection spring.

[0119]  (8) The respective component materials of the plug cap 100 of FIG. 1 are not
limited to the above-exemplified materials. For example, the resistor 50 can be a
wire-wound resistor rather than a resistor of a ceramic material. Further, various
materials such as metal materials, conductive resin materials and conductive ceramic
materials are usable as the materials of the metal connector member 60, the cord fixing
screw 20 and the spring 40.  Although the resin part 10 of FIG. 2 is made of thermosetting
resin e.g. unsaturated polyester resin or phenol resin, various insulating materials such as
thermoplastic resin e.g. nylon or PPS resin can alternatively be used as the material of the
resin part 10.

[0120]  (9) The material of the ring member 80 is not limited to the above-exemplified
material. As the material of the ring member 80, it is feasible to use not only a
thermosetting resin (such as unsaturated polyester resin or phenol resin) but also any other
material having higher hardness than that of the rubber member 70.  For example, the ring
member 80 can be made of a metal material.

[0121]  Although the present invention has been described with reference to the above
specific embodiments and modifications, the above embodiments and modifications are
intended to facilitate understanding of the present invention and are not intended to limit
the present invention thereto. Without departing from the scope of the preseﬁt invention,
various changes and modifications can be made to the present invention; and the present
invention includes equivalents thereof.

Industrial Applicability

[0122]  The present invention is suitably applicable to a plug connector such as plug cap
and to a rubber member and a ring member of the plug connector.

Description of Reference Numerals

[0123]  3: Connector spring
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10:  Resin part

11:  First structure portion
11A: First hole

12:  Second structure portion
12A: Second hole

20: Cord fixing screw

30: Metal plate

40: Connection spring

50: Resistor

60: Metal connector member
61: Head portion

63: Exposure portion

65: Plug insertion hole

70: Rubber member

71: First body portion

72:  Second body portion

73:  Plug cover portion

74: Cord cover portion

75: Fixing portion

80, 80B to 80K: Ring member
100: Plug cap

200: Plug cord

300: Ignition coil-integrated plug cap
310: Coil unit

315: Connector

320: Output terminal

SP: Spark plug
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CLAIMS

1. A plug connector, comprising:

a conductive part that provides electrical connection between a spark plug and a
power supply member for power supply to the spark plug, the spark plug comprising an
insulator and a terminal electrode protruding toward the rear from a rear end of the
insulator; and

a rubber member that covers the conductive part,

wherein the plug connector further comprises:

at least one ring member arranged on an outer circumference of the rubber
member and having higher hardness than that of the rubber member; and

a high hardness part having higher hardness than that of the rubber member and
arranged on an outer circumference of the conductive part, while being covered by the
rubber member, and ,

wherein, when the plug connector is attached to the spark plug, a front end of
the high hardness part is located rearward of a rear end of the terminal electrode, and a
front end of the at least one ring member is located on a front side with respect to the rear

end of the insulator.

2. The plug connector according to claim 1,

wherein the conductive part includes a metal connector member connectable to
the terminal electrode; and

wherein a rear end of the at least one ring member is located on a rear side with

respect to a front end of the metal connector member.

3. The plug connector according to claim 1 or 2,
wherein a rear end of the at least one ring member is located on a rear side with

respect to the front end of the high hardness part.
4. The plug connector according to any one of claims 1 to 3,

wherein the rubber member has at least one of a recess and a protrusion formed

on an outer circumferential surface thereof according to the shape of an inner

CA 2945273 2019-07-09
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circumferential surface portion including at least a part of an inner circumferential surface

of the at least one ring member.

5. The plug connector according to claim 1, further comprising a metal connector
member connectable to the terminal electrode and covered by the rubber member,
wherein the at least one ring member includes a contact portion located at a
position corresponding to at least one of the metal connector member and the high
hardness part in an axis direction of the plug connector and brought into contact with an

outer circumferential surface of the rubber member.

6. The plug connector according to claim 5,

wherein, in a cross section taken through the contact portion in a direction
perpendicular to the axis direction, an inner circumferential surface of the contact portion
is in the shape of a first circle, and an outer circumferential surface of the at least one of the
metal connector member and the high hardness part is in the shape of a second circle
smaller in diameter than the first circle; and

wherein the plug connector satisfies a condition of 0.97 <(51/82) £0.99 where,
in the cross section, S1 is an area inside the first circle and outside the second circle; and

S2 is an area of the rubber member before arrangement of the at least one ring member.

7. The plug connector according to claim 5,
wherein the contact portion has a first protrusion protruding radially inwardly
from an inner circumferential surface thereof and brought into contact with the outer

circumferential surface of the rubber member.

8. The plug connector according to claim 5 or 7,
wherein the rubber member has a second protrusion protruding radially
outwardly from the outer circumferential surface thereof and brought into contact with an

inner circumferential surface of the contact portion.

CA 2945273 2019-07-09
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9. The plug connector according to any one of claims 5 to 8,
wherein the contact portion has a length of 10 mm or smaller in the axis

direction.

10. A rubber member for use in the plug connector according to claim 1,

wherein the rubber member includes one end portion in which the spark plug is
inserted with a ring member arranged on the rubber member so as to increase a contact
pressure between the insulator and the rubber member; and

wherein the rubber member has at least one of a recess and a protrusion formed
on an outer circumferential surface thereof according to the shape of an inner
circumferential surface portion including at least a part of an inner circumferential surface

of the ring member.

11. A ring member for use in the plug connector according to claim 1,
wherein the ring member is arranged on the outer circumference of the rubber
member so as to, when the spark plug is inserted in one end portion of the rubber member,

increase a contact pressure between the insulator and the rubber member.
12. The ring member according to claim 11,

wherein the ring member has at least one of a recess and a protrusion formed on an inner

circumferential surface thereof.

CA 2945273 2019-07-09
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FIG. 2

FIRST EMBODIMENT
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FIG. 3

SECOND EMBODIMENT
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FIG. 4
THIRD EMBODIMENT
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FIG. 5

FOURTH EMBODIMENT
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FIG. 6

(a) A-A CROSS SECTION

)

(b) A-A CROSS SECTION
(BEFORE ATTACHMENT OF RING MEMBER)




FIG. 7

MODIFICATION EXAMPLES

(b)
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FIG. 10

(a) (b) (c)
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