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(54) SPARK PLUG

(57) A spark plug includes: a center electrode (20)
extending in a direction of an axis (CL); an insulator that
has an axial bore and holds the center electrode (20) in
the axial bore; a metal shell (50) that is disposed around
the insulator in a radial direction and holds the insulator;
and a ground electrode (30) that is electrically connected
to the metal shell (50) and forms a gap between the
ground electrode (30) and the center electrode (20).

The metal shell (50) includes a front end tube portion

(55) having a through hole (551) extending therethrough
from an outer circumferential surface to an inner circum-
ferential surface thereof and through which gas drawn
into the combustion chamber passes, and a front edge
(TP) of the insulator can be visually confirmed when seen
from a first opening (OP1) of the through hole (551) on
the outer circumferential surface side toward a second
opening (OP2) of the through hole (551) on the inner
circumferential surface side.



EP 3 214 706 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[Technical Field]

[0001] The present specification relates to a spark plug
for igniting fuel gas in an internal combustion engine or
the like.

[Background Art]

[0002] Patent Document 1 discloses a technique by
which, when the front end of an insulator of a spark plug
used in an internal combustion engine protrudes to the
combustion chamber side of the internal combustion en-
gine, a front end portion of a metal shell disposed on the
outer circumference of the insulator is caused to protrude
to the combustion chamber side, and a ventilation hole
is provided in the front end portion. According to this tech-
nique, the provision of the ventilation hole can achieve
the effect of cooling the insulator and thus can enhance
the anti-pre-ignition performance.

[Prior Art Document]

[Patent Document]

[0003] [Patent Document 1] WO 2008/102842

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0004] For example, with an increase in the output of
internal combustion engines in recent years, spark plugs
tend to be used under a higher temperature environment
in which pre-ignition is likely to occur. For this reason,
spark plugs are required to have a further enhanced anti-
pre-ignition performance.
[0005] The present specification discloses a technique
for enhancing the anti-pre-ignition performance of a
spark plug for use in an internal combustion engine.

[Means for Solving the Problems]

[0006] The technique disclosed in the present specifi-
cation can be implemented as the following application
examples.

[Application example 1] A spark plug including:

a center electrode extending in a direction of an
axis;
an insulator that has an axial bore extending
therethrough in the direction of the axis and
holds the center electrode in the axial bore;
a metal shell that is disposed around the insu-
lator in a radial direction and holds the insulator;
and

a ground electrode that is electrically connected
to the metal shell and forms a gap between the
ground electrode and the center electrode, in
which
the metal shell includes a front end tube portion
that is exposed in a combustion chamber of an
internal combustion engine when mounted to
the internal combustion engine,
the front end tube portion has a through hole
extending therethrough from an outer circumfer-
ential surface to an inner circumferential surface
thereof and through which gas drawn into the
combustion chamber passes, and
a front edge of the insulator can be visually con-
firmed when seen from a first opening of the
through hole on the outer circumferential sur-
face side toward a second opening of the
through hole on the inner circumferential surface
side.

With the above configuration, gas that has been
drawn into the combustion chamber passes through
the through hole of the front end tube portion from
the outer circumferential surface side, and is blown
toward the front end of the insulator. As a result, the
gas drawn into the combustion chamber can be used
so as to effectively cool the front end of the insulator.
Accordingly, the occurrence of pre-ignition as a re-
sult of the front end of the insulator being excessively
heated can be inhibited, so that it is possible to en-
hance the anti-pre-ignition performance of the spark
plug.
[Application example 2] The spark plug according to
Application example 1, in which
the first opening has an area larger than an area of
the second opening.
With the above configuration, the flow rate and the
flow velocity of the gas passing through the through
hole can be increased.
[Application example 3] The spark plug according to
Application example 1 or 2, in which
the front end tube portion has four or more of the
through holes having circumferential positions differ-
ent from one another.
With the above configuration, the four or more
through holes allow the front end of the insulator to
be effectively cooled, regardless of the circumferen-
tial position at which the spark plug is mounted to
the internal combustion engine.
[Application example 4] The spark plug according to
any one of Application examples 1 to 3, in which
the through hole is formed such that the insulator is
not visible from the first opening when the first open-
ing is seen along a direction perpendicular to the
axis.
With the above configuration, it is possible to inhibit
the pressure generated by abnormal combustion of
the internal combustion engine from directly impact-
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ing the insulator through the through hole. As a result,
it is possible to prevent damage to the insulator
caused by abnormal combustion of the internal com-
bustion engine.
[Application example 5] The spark plug according to
any one of Application examples 1 to 3, in which
the through hole is formed such that only an inner
wall of the through hole is visible from the first open-
ing when the first opening is seen from a direction
perpendicular to the axis.
With the above configuration, it is possible to inhibit
the pressure generated by abnormal combustion of
the internal combustion engine from directly impact-
ing the insulator through the through hole. As a result,
it is possible to prevent damage to the insulator
caused by abnormal combustion of the internal com-
bustion engine.
[Application example 6] The spark plug according to
any one of Application examples 1 to 5, in which
a front end of the metal shell is located on a side
forward of a front end of the insulator.
With the above configuration, it is possible to effec-
tively inhibit the pressure generated by abnormal
combustion of the internal combustion engine from
directly impacting the insulator. As a result, it is pos-
sible to effectively prevent damage to the insulator
caused by abnormal combustion of the internal com-
bustion engine.
[Application example 7] The spark plug according to
any one of Application examples 1 to 6, in which
the through hole is formed at at least a circumferen-
tial position at which the ground electrode is con-
nected to the metal shell.

[0007] Gas flowing toward the insulator from a side
closer to the circumferential position at which the ground
electrode is connected is likely to be obstructed by the
ground electrode. The provision of the through hole at
the circumferential position at which the ground electrode
is connected allows the gas flowing toward the insulator
from a side close to the circumferential position to be
guided to the insulator, so that it is possible to enhance
the anti-pre-ignition performance more effectively.
[0008] The present invention can be implemented in
various forms. For example, the present invention can
be implemented as a spark plug, an ignition system using
the spark plug, an internal combustion engine having the
spark plug mounted therein, an internal combustion en-
gine in which the ignition system using the spark plug is
mounted, or the like.

[Brief Description of the Drawings]

[0009]

[FIG. 1] Cross-sectional view of an example of a
spark plug according to an embodiment.
[FIG. 2] Enlarged cross-sectional view of the vicinity

of a front end of a spark plug 100.
[FIG. 3] View of the spark plug 100 as seen from a
front end side toward a rear end direction BD.
[FIG. 4] Enlarged view of the vicinity of a through
hole 551 shown in FIG. 2.
[FIG. 5] View illustrating a metal shell 50b according
to a modification.
[FIG. 6] View illustrating a metal shell 50c according
to a modification.
[FIG. 7] View illustrating a metal shell 50d according
to a modification.

[Modes for Carrying Out the Invention]

A. Embodiment:

A-1. Configuration of spark plug:

[0010] FIG. 1 is a cross-sectional view of an example
of a spark plug according to an embodiment. A dashed
line illustrated therein indicates an axis CL of a spark plug
100. The illustrated cross section is a cross section that
includes the axis CL. Hereinafter, the direction parallel
to the axis CL is also referred to as "axial direction".
Among the directions parallel to the axis CL, the down-
ward direction in FIG. 1 is also referred to as a front end
direction LD, and the upward direction in FIG. 1 is also
referred to as a rear end direction BD. The front end di-
rection LD is a direction extending from a metal terminal
40 described below toward electrodes 20, 30 described
below. Further, a radial direction of a circle, around the
axis CL, on a plane perpendicular to the axis CL is also
simply referred to as "radial direction", and the circum-
ferential direction of the circle is also simply referred to
as "circumferential direction". The end in the front end
direction LD is also simply referred to as a front end, and
the end in the rear end direction BD is also simply referred
to as a rear end.
[0011] The spark plug 100 includes an insulator 10, a
center electrode 20, a ground electrode 30, a metal ter-
minal 40, a metal shell 50, a first conductive seal layer
60, a resistor 70, a second conductive seal layer 80, a
first packing 8, a talc 9, a second packing 6, and a third
packing 7.
[0012] The insulator 10 is a substantially cylindrical
member having an axial bore 12 that extends along the
axial direction and through the insulator 10. The insulator
10 is formed by alumina being sintered (another insulat-
ing material may be used). The insulator 10 includes a
leg portion 13, a reduced outer diameter portion 15, a
first trunk portion 17, a flange portion 19, and a second
trunk portion 18, which are arranged in this order in the
rear end direction BD. The outer diameter of the reduced
outer diameter portion 15 is gradually reduced in the front
end direction LD. Inside the insulator 10, a reduced inner
diameter portion 16 that has its inner diameter gradually
reduced in the front end direction LD is formed in the
vicinity of the reduced outer diameter portion 15 (in the
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first trunk portion 17 in the example shown in FIG. 1).
[0013] The center electrode 20 is located in the axial
bore 12 of the insulator 10 on the front end side thereof.
The center electrode 20 is a rod-shaped member that
extends along the axial direction. The center electrode
20 includes a center electrode tip 28 and a center elec-
trode body 26.
[0014] The center electrode body 26 includes a leg por-
tion 25, a flange portion 24, and a head portion 23, which
are arranged in this order in the rear end direction BD.
The front end side portion of the leg portion 25 is exposed
to the outside of the axial bore 12 on the front end side
of the insulator 10. The other portions of the center elec-
trode 20 are held in the axial bore 12. The surface, of the
flange portion 24, on the front end side is supported by
the reduced inner diameter portion 16 of the insulator 10.
[0015] The center electrode body 26 is formed by us-
ing, for example, nickel (Ni) or an alloy (e.g., NCF600,
NCF601) containing nickel as a main component. The
center electrode body 26 may include a core material
that is embedded therein and formed of copper or an
alloy containing copper as a main component, having
higher thermal conductivity than Ni or an alloy containing
Ni as a main component.
[0016] The center electrode tip 28 is joined to the front
end portion of the leg portion 25 of the center electrode
body 26 by, for example, laser welding. The center elec-
trode tip 28 is formed of a material containing, as a main
component, a noble metal having a high melting point.
As the material of the center electrode tip 28, for example,
iridium (Ir) or platinum (Pt), or an alloy containing Ir or Pt
as a main component, is used.
[0017] The metal terminal 40 is located in the axial bore
12 of the insulator 10 on the rear end side thereof. The
metal terminal 40 is a rod-shaped member that extends
along the axial direction, and is formed by using a con-
ductive material (e.g., a metal such as a low-carbon
steel). The metal terminal 40 includes a cap mounting
portion 41, a flange portion 42, and a leg portion 43, which
are arranged in this order in the front end direction LD.
The cap mounting portion 41 is exposed to the outside
of the axial bore 12 on the rear end side of the insulator
10. The leg portion 43 is inserted in the axial bore 12 of
the insulator 10.
[0018] The columnar resistor 70 is disposed between
the metal terminal 40 and the center electrode 20 in the
axial bore 12 of the insulator 10. The resistor 70 has a
function of reducing electric wave noise generated when
spark occurs. The resistor 70 is formed from, for example,
a composition containing glass particles as a main com-
ponent, ceramic particles other than glass, and a con-
ductive material.
[0019] The first conductive seal layer 60 is disposed
between the center electrode 20 and the resistor 70, and
the second conductive seal layer 80 is disposed between
the metal terminal 40 and the resistor 70. As a result, the
center electrode 20 and the metal terminal 40 are elec-
trically connected via the resistor 70 and the conductive

seal layers 60 and 80. Each of the conductive seal layers
60 and 80 is formed from, for example, a composition
containing glass particles of a B2O3-SiO2-based material
or the like and metal particles (Cu, Fe, etc.).
[0020] The metal shell 50 is a substantially cylindrical
member having an insertion hole 59 that extends along
the axis CL and through the metal shell 50. The metal
shell 50 is formed by using a low-carbon steel material
(another conductive material (e.g., metal material) may
be used). The insulator 10 is inserted in the insertion hole
59 of the metal shell 50. The metal shell 50 holds the
insulator 10 so as to be disposed around the insulator 10
in the radial direction. On the front end side of the metal
shell 50, an end portion, of the insulator 10, on the front
end side (a portion, of the leg portion 13, on the front end
side in the present embodiment) is exposed to the outside
of the insertion hole 59. On the rear end side of the metal
shell 50, an end portion, of the insulator 10, on the rear
end side (a portion, of the second trunk portion 18, on
the rear end side in the present embodiment) is exposed
to the outside of the insertion hole 59.
[0021] The metal shell 50 includes a front end tube
portion 55, a screw portion 52, a seat portion 54, a de-
formable portion 58, a tool engagement portion 51, and
a crimp portion 53, which are arranged in this order in
the rear end direction BD. An annular gasket 5 formed
by a metal plate being bent is fitted between the seat
portion 54 and the screw portion 52.
[0022] The seat portion 54 is a flange-shaped portion.
The screw portion 52 is a substantially cylindrical portion
having a screw for being screwed to a mounting hole of
an internal combustion engine (e.g., a gasoline engine)
formed on the outer circumferential surface thereof. The
front end tube portion 55 is a substantially cylindrical por-
tion that is disposed on the front end side of the screw
portion 52, and has no screw formed on the outer cir-
cumferential surface thereof. The length, in the axial di-
rection, of the front end tube portion 55 is preferably 1.5
mm or more, for example. The front end tube portion 55
has a plurality of through holes 551 extending there-
through from the outer circumferential surface to the inner
circumferential surface thereof. The details of the config-
uration of the front end tube portion 55 will be described
later.
[0023] The metal shell 50 has a reduced inner diameter
portion 56 disposed on the side forward of the deformable
portion 58. The inner diameter of the reduced inner di-
ameter portion 56 is gradually reduced from the rear end
side in the front end direction LD. The first packing 8 is
sandwiched between the reduced inner diameter portion
56 of the metal shell 50 and the reduced outer diameter
portion 15 of the insulator 10. The first packing 8 is an
O-ring made of iron (another material (e.g., metal mate-
rial such as copper) may be used).
[0024] The tool engagement portion 51 has a shape
that allows a spark plug wrench to engage therewith (e.g.,
hexagonal columnar shape). On the rear end side of the
tool engagement portion 51, the crimp portion 53 is
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formed. The crimp portion 53 is disposed on the side
rearward of the flange portion 19 of the insulator 10, and
forms the end, of the metal shell 50, on the rear end side.
The crimp portion 53 is bent inward in the radial direction.
[0025] On the rear end side of the metal shell 50, an
annular space SP is formed between the inner circum-
ferential surface of the metal shell 50 and the outer cir-
cumferential surface of the insulator 10. In the present
embodiment, the space SP is a space surrounded by the
crimp portion 53 and the tool engagement portion 51 of
the metal shell 50, and a rear end portion of the flange
portion 19 and the second trunk portion 18 of the insulator
10. On the rear end side of the space SP, the second
packing 6 is disposed. On the front end side of the space
SP, the third packing 7 is disposed. In the present em-
bodiment, the packings 6 and 7 are each a C-ring made
of iron (another material may be used). The portion be-
tween the two packings 6 and 7 in the space SP is filled
with powder of the talc 9.
[0026] When the spark plug 100 is manufactured, the
crimp portion 53 is crimped so as to be bent inward. The
crimp portion 53 is then pressed toward the front end
side. Thus, the deformable portion 58 is deformed, and
the insulator 10 is pressed toward the front end side, in
the metal shell 50, through the packings 6 and 7 and the
talc 9. The first packing 8 is pressed between the reduced
outer diameter portion 15 and the reduced inner diameter
portion 56, and seals a portion between the metal shell
50 and the insulator 10. Thus, the gas in a combustion
chamber of the internal combustion engine is inhibited
from leaking out through the portion between the metal
shell 50 and the insulator 10. Further, the metal shell 50
is fixed to the insulator 10.
[0027] The ground electrode 30 includes a ground
electrode body 33 and a ground electrode tip 38. The
ground electrode body 33 is a rod-shaped member that
is electrically connected to the metal shell 50. The ground
electrode body 33 is formed by using, for example, Ni or
an alloy (e.g., NCF600, NCF601) containing Ni as a main
component. As with the center electrode body 26, the
ground electrode body 33 may include a core material
that is embedded therein and formed of copper or an
alloy containing copper as a main component, having
higher thermal conductivity than Ni or an a alloy contain-
ing Ni as a main component. The ground electrode tip
38 is formed by using, for example, Pt (platinum) or an
alloy containing Pt as a main component, specifically, Pt-
20Ir alloy (platinum alloy containing 20% by mass of irid-
ium) or the like.

A-2. Configuration in the vicinity of front end of spark plug

[0028] With reference to FIGS. 2 and 3, the configura-
tion in the vicinity of the front end of the spark plug 100
will be described in further detail. FIG. 2 is an enlarged
cross-sectional view of the vicinity of the front end of the
spark plug 100. The enlarged cross-sectional view shown
in FIG. 2 is a cross-sectional view, taken along a cross

section including the axis CL, of the vicinity of the front
end of the spark plug 100 in the state of being mounted
to a mounting hole PH of a head EH of an internal com-
bustion engine. FIG. 3 is a view of the spark plug 100 as
seen from the front end side toward the rear end direction
BD. To avoid the complexity of illustration, FIG. 3 shows
the front end tube portion 55 of the metal shell 50 and a
front end surface 13s of the leg portion 13 of the insulator
10, and illustration of the other components has been
omitted.
[0029] The front end tube portion 55 is exposed in the
combustion chamber of the internal combustion engine
when the spark plug 100 is mounted to the internal com-
bustion engine. More specifically, as shown in FIG. 2,
substantially the entire front end tube portion 55 pro-
trudes from an inner wall surface IS of the head EH toward
the inside of the combustion chamber when the spark
plug 100 is mounted to the mounting hole PH of the head
EH of the internal combustion engine.
[0030] The front end of the insulator 10 (i.e., the front
end of the leg portion 13) is located on the side forward
of the front end of the front end tube portion 55. The front
end of the center electrode body 26 and the center elec-
trode tip 28 are located on the side forward of the front
end of the insulator 10.
[0031] One end of the ground electrode body 33 is a
connection end 31 that is connected to the front end of
the metal shell 50, for example, by resistance welding so
as to allow the ground electrode 30 and the metal shell
50 to be electrically connected. The other end of the
ground electrode body 33 is a free end 32. The ground
electrode body 33 extends in the front end direction LD
from the connection end 31 connected to the metal shell
50, and is bent toward the axis CL. The ground electrode
body 33 then extends in a direction perpendicular to the
axis CL, to reach the free end 32.
[0032] One side surface, of a portion of the ground
electrode body 33, on the free end 32 side that extends
in a direction perpendicular to the axis CL opposes the
center electrode tip 28 in the axial direction on the axis
CL. The ground electrode tip 38 is welded to the afore-
mentioned side surface of the ground electrode body 33
at a position opposing the center electrode tip 28. The
ground electrode tip 38 forms a spark gap between itself
and the center electrode tip 28.
[0033] The through holes 551 formed in the front end
tube portion 55 described above are formed so as to allow
passage of gas that has been drawn into the combustion
chamber of the internal combustion engine. As shown in
FIG. 3, the plurality of through holes 551 have circumfer-
ential positions different from one another such that the
circumferential positions at the front end tube portion 55
are dispersed. Specifically, the plurality of through holes
551 are disposed such that two through holes 551 having
circumferential positions adjacent to each other form an
equal circumferential angle θ therebetween. In the ex-
ample shown in FIG. 3, the number of through holes 551
is four, and therefore θ = 90 degrees.
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[0034] In FIG. 3, the position at which the connection
end 31 of the ground electrode body 33 is connected is
indicated by dashed lines. As can be seen from this, one
of the four through holes 551 is formed at a circumferen-
tial position at which the ground electrode 30 (ground
electrode body 33) is connected to the metal shell 50.
[0035] FIG. 4 is an enlarged view of the vicinity of a
through hole 551 shown in FIG. 2. The cross section
shown in FIG. 4 can also be regarded as a cross section
obtained by cutting the through hole 551 on a plane in-
cluding the axis CL and the center of a first opening OP1
of the through hole 551 on the outer circumferential sur-
face side. In the present embodiment, the cross section
shown in FIG. 4 also includes the center of a second
opening OP2. Each of the plurality of through holes 551
is a substantially cylindrical hole. The first opening OP1
of each through hole 551 on the outer circumferential
surface side is shifted in the rear end direction BD with
respect to the second opening OP2 on the inner circum-
ferential surface side. Therefore, each of the plurality of
through holes 551 is inclined with respect to both the
direction of the axis CL and the direction perpendicular
to the axis CL.
[0036] Each of the plurality of through holes 551 is
formed such that, when seen from the first opening OP1
of the through hole 551 on the outer circumferential sur-
face side toward the second opening OP2 of the through
hole 551 on the inner circumferential surface side, the
front edge TP of the insulator 10 to be visually confirmed
from the first opening OP1. In the present embodiment,
the front edge TP is an outer edge of the front end surface
13s of the leg portion 13 of the insulator 10.
[0037] For example, in the cross section shown in FIG.
4, a direction parallel to a line connecting the center of
the first opening OP1 with the center of the second open-
ing OP2 is taken as AR1. Of a group of straight lines that
are parallel to the direction AR1, pass through the through
hole 551, and do not pass through a wall portion, of the
front end tube portion 55, at which no through hole 551
is formed, the straight line furthest in the rear end direc-
tion BD is taken as L11, and the straight line furthest in
the front end direction LD is taken as L12. In the example
shown in FIG. 4, the front edge TP of the insulator 10
and the space TA located on the side forward of the front
edge TP are included between the two straight lines L11
and L12. Accordingly, in the example shown in FIG. 4, it
can be understood that the front edge TP of the insulator
10 can be visually confirmed clearly when the first open-
ing OP1 of the through hole 551 is seen along the direc-
tion AR1.
[0038] Further, as shown in FIG. 4, each of the plurality
of through holes 551 is formed such that the insulator 10
is not visible from the first opening OP1 when the first
opening OP1 is seen along the direction AR2 perpendic-
ular to the axis CL.
[0039] For example, in the cross section shown in FIG.
4, a straight line that is parallel to the direction AR2 and
passes through the rear end of the first opening OP1 is

taken as L21. A straight line that is parallel to the direction
AR2 and passes through the front end of the first opening
OP1 is taken as L22. In the example shown in FIG. 4, it
can be understood that all straight lines that are located
between the two straight lines L21 and L22 and parallel
to the direction AR2 pass through a wall portion, of the
front end tube portion 55, in which no through hole 551
is formed. Accordingly, in the example shown in FIG. 4,
when the first opening OP1 of the through hole 551 is
seen along the direction AR2, only the inner wall 551w
of the through hole 551 is visible, and the insulator 10
cannot be visually confirmed.
[0040] With the spark plug 100, the provision of the
front end tube portion 55 protruding into the combustion
chamber described above allows an ignition portion (i.e.,
a spark gap) of the spark plug 100 to protrude into the
combustion chamber, without excessively increasing the
length of the ground electrode body 33. By causing the
ignition portion to protrude into the combustion chamber
so as to be located at a position away from the inner wall
surface IS of the head EH, it is possible to inhibit the
growth of a flame from being impeded by flame-quench-
ing effect of the inner wall, thus enhancing the ignitability
of the spark plug 100. An excessive increase in the length
of the ground electrode body 33 leads to an increased
length to the connection end 31 to the metal shell 50
serving as the heat conduction starting point of the
ground electrode body 33, thus resulting in reduced heat
conduction performance. Further, an excessive increase
in the length of the ground electrode body 33 results in
reduced durability against vibration and impact. The pro-
vision of the front end tube portion 55 makes it possible
to avoid such troubles.
[0041] A shock wave (pressure) that is higher than that
normally occurs may occur in the combustion chamber
as a result of, for example, the occurrence of abnormal
combustion. The provision of the front end tube portion
55 can inhibit such a shock wave occurring during ab-
normal combustion from directly impacting the leg portion
13 of the insulator 10, thus making it possible to inhibit
the insulator 10 from being damaged.
[0042] On the other hand, as a result of the front end
tube portion 55 being formed, it is difficult for intake gas
drawn into the combustion chamber of the internal com-
bustion engine to flow into the vicinity of the front end of
the insulator 10 (front end of the leg portion 13). Intake
gas has a lower temperature than, for example, combus-
tion gas, and thus is suitably used for cooling the insulator
10. If intake gas does not flow into the vicinity of the front
end of the insulator 10, heat generated in the ignition
portion is confined, so that the temperature of the front
end portion of the insulator 10 is excessively increased,
making it likely to cause the so-called pre-ignition. The
four through holes 551 formed in the front end tube por-
tion 55 are provided for preventing such a trouble so as
to enhance the anti-pre-ignition performance.
[0043] According to the above embodiment, as de-
scribed above, the front edge TP of the insulator 10 can
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be visually confirmed when seen from the first opening
OP1 of the through hole 551 of the front end tube portion
55 on the outer circumferential surface side toward the
second opening OP2 of the through hole 551 on the inner
circumferential surface side. Accordingly, intake gas that
has passed through the through hole 551 from the first
opening OP1 side is directed toward the front end of the
front end tube portion 55. Therefore, the intake gas inside
the combustion chamber passes through the through
hole 551 of the front end tube portion 55 from the outer
circumferential surface side, and is blown toward the front
end of the insulator 10. As a result, the intake gas inside
the combustion chamber can be used so as to effectively
cool the front end of the insulator 10. Accordingly, the
occurrence of pre-ignition caused by the front end of the
insulator 10 being excessively heated can be inhibited,
thus making it possible to enhance the anti-pre-ignition
performance of the spark plug 100.
[0044] Furthermore, with the spark plug 100 of the
above embodiment, the front end tube portion 55 has
four through holes 551 having circumferential positions
different from one another. As a result, the front end of
the insulator 10 can be effectively cooled, regardless of
the circumferential position at which the spark plug 100
is mounted to the internal combustion engine.
[0045] To describe more specifically, a flow direction
AR (FIG. 2) of intake gas in the combustion chamber is,
for example, a direction extending from an intake port
(not shown) toward an exhaust port (not shown) of the
internal combustion engine. To allow intake gas flowing
along the flow direction AR to efficiently pass through the
through hole 551 from the first opening OP1 side, the
through hole 551 is preferably formed in the front end
tube portion 55 at a circumferential position at which the
direction extending from the first opening OP1 toward
the axis CL is parallel to the flow direction AR. However,
depending, for example, on the relationship between an
internal thread formed in the mounting hole PH of the
head EH and an external thread formed at the screw
portion 52 of the spark plug 100, the circumferential po-
sition of the through hole 551 in the combustion chamber
may not always necessarily be constant. If the front end
tube portion 55 has four or more through holes 551 having
circumferential positions different from one another, it is
highly likely that at least one through hole 551 is disposed
in the combustion chamber at the above-described pref-
erable circumferential position, or a position close to the
preferable circumferential position. As a result, the front
end of the insulator 10 can be efficiently cooled as de-
scribed above.
[0046] Further, as described above, the through hole
551 is formed such that the insulator 10 is not visible from
the first opening OP1 when the first opening OP1 is seen
from the direction AR2 perpendicular to the axis CL. For
example, the through hole 551 is formed such that only
the inner wall 551w of the through hole 551 is visible from
the first opening OP1 when the first opening OP1 is seen
from the direction AR2. As a result, it is possible to inhibit

a shock wave (pressure) generated by abnormal com-
bustion of the internal combustion engine from directly
impacting the insulator 10 thorough the through hole 551.
Accordingly, it is possible to prevent damage to the in-
sulator 10 caused by abnormal combustion of the internal
combustion engine, in particular, damage to the leg por-
tion 13 having a relatively small thickness.
[0047] Furthermore, with the spark plug 100 of the
above embodiment, one through hole 551 is formed at a
circumferential position at which the ground electrode 30
is connected to the metal shell (FIG. 3). Intake gas flowing
toward the insulator 10 from a side close to the circum-
ferential position at which the ground electrode 30 is con-
nected tends to be obstructed by the ground electrode
30 (in particular, the ground electrode body 33). By pro-
viding the through hole 551 at a circumferential position
at which the ground electrode 30 is connected, it is pos-
sible to guide, to the insulator 10, the intake gas flowing
from a side close to the circumferential position toward
the insulator 10. As a result, it is possible to enhance the
anti-pre-ignition performance more effectively.

B. Modifications

[0048]

(1) The through hole 551 of the above embodiment
has a diameter that is constant from the first opening
OP1 to the second opening OP2, and therefore, the
area of the first opening OP1 and the area of the
second opening OP2 are equal. Alternatively, the
area of the first opening OP1 may be larger than the
area of the second opening OP2.
FIG. 5 is a view illustrating a metal shell 50b accord-
ing to a modification. The metal shell 50b shown in
FIG. 5 includes a front end tube portion 55b having
a through hole 551b. The through hole 551b includes
an equal diameter bore 553 on the inner circumfer-
ential surface side and a diameter enlarged bore 552
on the outer circumferential surface side. The equal
diameter bore 553 has a constant diameter regard-
less of the axial direction of the bore. The diameter
enlarged bore 552 has a diameter increasing from
the inner circumferential surface side (the equal di-
ameter bore 553 side) toward the outer circumfer-
ential surface side. Therefore, in the through hole
551b shown in FIG. 5, the area of the first opening
OP1 is larger than the area of the second opening
OP2.
FIG. 6 is a view illustrating a metal shell 50c accord-
ing to a modification. The metal shell 50c shown in
FIG. 6 includes a front end tube portion 55c having
a through hole 551c. The through hole 551c includes
a small equal diameter bore 555 on the inner circum-
ferential surface side and a large equal diameter
bore 554 on the outer circumferential surface side.
The small equal diameter bore 555 has a constant
diameter regardless of the axial position of the bore.
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The large equal diameter bore 554 has a diameter
that is constant regardless of the axial position of the
bore and is larger than the diameter of the small
equal diameter bore 555. Therefore, as with the
through hole 551b shown in FIG. 5, the area of the
first opening OP1 is larger than the area of the sec-
ond opening OP2 in the through hole 551c shown in
FIG. 6.
According to the present modifications, the area of
the first opening OP1 is larger than the area of the
second opening OP2. Accordingly, the flow rate of
the intake gas introduced from the first opening OP1
into the through holes 551b and 551c can be in-
creased, making it possible to increase the flow ve-
locity of the intake gas blown from the second open-
ing OP2 to the front end of the insulator 10. As a
result, the front end of the insulator 10 can be further
efficiently cooled.
As can be understood from the straight lines L11 and
L12 shown in FIGS. 5 and 6, the through holes 551b
and 551c according to the present modifications are
formed such that, when seen from the first openings
OP1 of the through holes 551b and 551c on the outer
circumferential surface side toward the second
openings OP2 of the through holes 551b and 551c
on the inner circumferential surface side, the front
edge TP of the insulator 10 can be visually confirmed
from the first opening OP1, as with the through hole
551 of the embodiment. As can be understood from
the straight lines L21 and L22 shown in FIGS. 5 and
6, the through holes 551b and 551c according to the
present modifications are formed such that, when
the first opening OP1 is seen along the direction AR2
perpendicular to the axis CL, the insulator 10 is not
visible from the first opening OP1 and only the inner
walls 551wb and 551wc of the through holes 551b
and 551c are visible, as with the through hole 551
of the embodiment.
(2) FIG. 7 is a view illustrating a metal shell 50d ac-
cording to a modification. The metal shell 50d shown
in FIG. 7 includes a front end tube portion 55d having
a through hole 551c. The through hole 551c shown
in FIG. 7 is the same as the through hole 551c shown
in FIG. 6, and thus is denoted by the same reference
numeral in FIG. 7. The length, in the axial direction,
of the front end tube portion 55d shown in FIG. 7 is
longer than the length of the front end tube portion
55c shown in FIG. 6. Therefore, a front end 55s of
each of the metal shells 50, 50b, and 50c in the above
embodiment and the modifications shown in FIGS.
5 and 6 is located on the side rearward (the rear end
direction BD side) of the front end 13s of the insulator
10. However, in the present modification, a front end
55sd of the metal shell 50d shown in FIG. 7 is located
on the side forward (the front end direction LD side)
of the front end 13s of the insulator 10. As a result,
as seen from the direction AR2 perpendicular to the
axial direction, the entire front end portion of the in-

sulator 10 is surrounded by the front end tube portion
55d, so that it is possible to effectively inhibit a shock
wave (pressure) generated by abnormal combustion
of the internal combustion engine from directly im-
pacting the insulator 10. As a result, it is possible to
effectively prevent damage to the insulator 10
caused by abnormal combustion of the internal com-
bustion engine.
The front end tube portion 55d shown in FIG. 7 has
the through hole 551c that is the same as the through
hole shown in FIG. 6. Accordingly, even if the entire
front end portion of the insulator 10 is surrounded by
the front end tube portion 55, the front end of the
insulator 10 can be effectively cooled with the intake
gas passing through the through hole 551c. There-
fore, the anti-pre-ignition performance is not com-
promised.
(3) Although the number of the through holes 551 is
four in the above embodiment, the present invention
is not limited thereto. The number of the through
holes 551 may be greater than four, for example, five
or six. Alternatively, the number of the through holes
551 may be less than four, for example, one, two, or
three. When a plurality of the through holes 551 are
provided, it is preferable that their circumferential po-
sitions are different from one another such that the
circumferential positions at the front end tube portion
55 are dispersed, as in the embodiment. For exam-
ple, when the number of the through holes 551 is
two, three, five, or six, the circumferential angle θ
between two through holes 551 having circumferen-
tial positions adjacent to each other is preferably 180
degrees, 120 degrees, 72 degrees, or 60 degrees,
respectively, or may be angles close to these angles.
Preferably, at least one through hole 551 is formed
at a circumferential position at which the ground elec-
trode 30 (ground electrode body 33) is connected.
(4) In the above embodiment, the through hole 551
is formed such that, when the first opening OP1 is
seen from the direction AR2 perpendicular to the axis
CL, the insulator 10 is not visible from the first open-
ing OP1, as shown in FIG. 4. However, the insulator
10 may be visible.
(5) In the above embodiment, the through hole 551
is formed such that, when seen from the first opening
OP1 toward the second opening OP2 along the di-
rection AR1 that is parallel to a straight line connect-
ing the center of the first opening OP1 with the center
of the second opening OP2, the front edge TP of the
insulator 10 can be visually confirmed from the first
opening OP, as shown in FIG. 4. The through hole
551 may be formed such that, when seen along one
of any directions, other than the direction AR1, that
extend from the first opening OP1 toward the second
opening OP2, the front edge TP of the insulator 10
can be visually confirmed from the first opening OP1.
(6) The shape of the through hole 551 is not limited
to the shape described in the above embodiment.
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For example, the through hole 551 may be a hole
having a prismatic shape with a triangular or square
cross section.
(7) The specific configuration of the spark plug 100
according to the above embodiment is merely an ex-
ample, and another configuration may be used. For
example, various configurations can be used for a
firing end of the spark plug. For example, the spark
plug may be of a type in which the ground electrode
and the center electrode 20 oppose each other in a
direction perpendicular to the axis, to form a gap.
For example, the material of the insulator 10 and the
material of the metal terminal 40 are not limited to
the materials described above. For example, the in-
sulator 10 may be formed by using, a ceramic con-
taining another compound (e.g., AlN, ZrO2 SiC, TiO2,
Y2O3 etc.) as a main component, in place of a ce-
ramic containing alumina (Al2O3) as a main compo-
nent.

[0049] The present invention has been described
above with reference to the embodiment and the modi-
fications. However, the present invention is not limited to
the above embodiment and modifications at all, and may
be embodied in various forms without departing from the
gist of the invention.

[Description of Reference Numerals]

[0050]

5: gasket; 6: packing; 6: second packing; 7: third
packing; 8: first packing; 9: talc; 10: insulator; 12:
axial bore; 13: leg portion; 13s: front end surface;
15: reduced outer diameter portion; 16: reduced in-
ner diameter portion; 17: first trunk portion; 18: sec-
ond trunk portion; 19: flange portion; 20: center elec-
trode; 23: head portion; 24: flange portion; 25: leg
portion; 26: center electrode body; 28: center elec-
trode tip; 30: ground electrode; 31: connection end;
32: free end; 33: ground electrode body; 38: ground
electrode tip; 40: metal terminal; 41: cap mounting
portion; 42: flange portion; 43: leg portion; 50, 50b
to 50d: metal shell; 51: tool engagement portion; 52:
screw portion; 53: crimp portion; 54: seat portion; 55,
55b to 55d: front end tube portion; 56: reduced inner
diameter portion; 58: deformable portion; 59: inser-
tion hole; 60: first conductive seal layer; 70: resistor;
80: second conductive seal layer; 100: spark plug;
551, 551b, 551c: through hole; OP1: first opening;
OP2: second opening

Claims

1. A spark plug (100) comprising:

a center electrode (20) extending in a direction

of an axis (CL);
an insulator (10) that has an axial bore (12) ex-
tending therethrough in the direction of the axis
(CL) and holds the center electrode (20) in the
axial bore (12);
a metal shell (50, 50b, 50c, 50d) that is disposed
around the insulator (10) in a radial direction and
holds the insulator (10); and
a ground electrode (30) that is electrically con-
nected to the metal shell (50, 50b, 50c, 50d) and
forms a gap between the ground electrode (30)
and the center electrode (20), wherein
the metal shell (50, 50b, 50c, 50d) includes a
front end tube portion (55, 55b, 55c, 55d) that is
exposed in a combustion chamber of an internal
combustion engine when mounted to the inter-
nal combustion engine,
the front end tube portion (55, 55b, 55c, 55d)
has a through hole (551, 551b, 551c) extending
therethrough from an outer circumferential sur-
face to an inner circumferential surface thereof
and through which gas drawn into the combus-
tion chamber passes, and
a front edge (TP) of the insulator (10) can be
visually confirmed when seen from a first open-
ing (OP1) of the through hole (551, 551b, 551c)
on the outer circumferential surface side toward
a second opening (OP2) of the through hole
(551, 551b, 551c) on the inner circumferential
surface side.

2. The spark plug (100) according to claim 1, wherein
the first opening (OP1) has an area larger than an
area of the second opening (OP2).

3. The spark plug (100) according to claim 1 or 2,
wherein
the front end tube portion (55, 55b, 55c, 55d) has
four or more of the through holes (551, 551b, 551c)
having circumferential positions different from one
another.

4. The spark plug (100) according to any one of claims
1 to 3, wherein
the through hole (551, 551b, 551c) is formed such
that the insulator (10) is not visible from the first open-
ing (OP1) when the first opening (OP1) is seen along
a direction perpendicular to the axis (CL).

5. The spark plug (100) according to any one of claims
1 to 3, wherein
the through hole (551, 551b, 551c) is formed such
that only an inner wall (551w, 551wb, 551wc) of the
through hole (551, 551b, 551c) is visible from the
first opening (OP1) when the first opening (OP1) is
seen from a direction perpendicular to the axis (CL).

6. The spark plug (100) according to any one of claims
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1 to 5, wherein
a front end (55s) of the metal shell (50, 50b, 50c,
50d) is located on a side forward of a front end (13s)
of the insulator (10).

7. The spark plug (100) according to any one of claims
1 to 6, wherein
the through hole (551, 551b, 551c) is formed at at
least a circumferential position at which the ground
electrode (30) is connected to the metal shell (50,
50b, 50c, 50d).
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