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(57) ABSTRACT 
A spark plug for an internal combustion engine includes a 
tubular housing, a tubular insulator held inside the housing, a 
center electrode held inside the insulator, a ground electrode 
disposed so as to form a spark discharge gap with the center 
electrode, and a plug cover fixed to a distal end portion of the 
housing so as to form an auxiliary combustion chamber with 
the housing. The plug cover is formed with at least one 
through hole for communicating between inside of the aux 
iliary chamber and outside of the plug cover. The ground 
electrode is formed so as to project from an inner Surface of 
the plug cover toward the inside of the auxiliary combustion 
chamber. 
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SPARK PLUG FOR INTERNAL 
COMBUSTON ENGINE 

This application claims priority to Japanese Patent Appli 
cation No. 2014-2059 filed on Jan. 9, 2014, the entire contents 
of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a spark plug including an 

auxiliary combustion chamber around a spark discharge gap 
for an internal combustion engine. 

2. Description of Related Art 
There is known a spark plug including an auxiliary com 

bustion chamber around a spark discharge gap for an internal 
combustion engine of a vehicle, a cogeneration apparatus 
system and the like. For example, refer to Japanese Patent 
Application Laid-open No. 2011-214492. Such a spark plug 
operates to introduce an air-fuel mixture present in a combus 
tion chamber of an internal combustion engine into its auxil 
iary combustion chamber, and making a spark discharge in a 
spark discharge gap to ignite the air-fuel mixture to thereby 
produce a flame in the auxiliary combustion chamber. There 
after, a flame jet is blown out from the auxiliary combustion 
chamber to the combustion chamber of the internal combus 
tion engine, as a result of which the flame spreads throughout 
the entire combustion chamber. Hence, the spark plug 
described in the above patent document enables providing an 
internal combustion engine with a high combustion rate. 

However, since the ground electrode of the spark plug 
described in the above patent document is disposed in a 
housing, the ground electrode lies between the spark dis 
charge gap and the distal end of the auxiliary combustion 
chamber. Accordingly, since a flame kernel produced in the 
spark discharge gap is inhibited from growing by the ground 
electrode, and accordingly inhibited from spreading rapidly 
in the auxiliary combustion chamber. 

SUMMARY 

An exemplary embodiment provides a spark plug for an 
internal combustion engine including: 

a tubular housing: 
a tubular insulator held inside the housing: 
a center electrode held inside the insulator; 
a ground electrode disposed so as to form a spark discharge 

gap with the center electrode; and 
a plug cover fixed to a distal end portion of the housing so 

as to forman auxiliary combustion chamber with the housing: 
wherein 

the plug cover is formed with at least one through hole for 
communicating between inside of the auxiliary chamber and 
outside of the plug cover, and 

the ground electrode is formed so as to project from an 
inner surface of the plug cover toward the inside of the aux 
iliary combustion chamber. 

According to the exemplary embodiment, there is provided 
a spark plug of the type having an auxiliary combustion 
chamber, which is capable of improving the combustion rate 
and combustibility of an internal combustion engine. 

Other advantages and features of the invention will become 
apparent from the following description including the draw 
ings and claims. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a partial cross-sectional view of a spark plug 

according to a first embodiment of the invention; 
FIG. 2 is a cross-sectional view of a distal end portion of the 

sparkplug according to the first embodiment of the invention; 
FIG. 3 is a diagram for explaining a distal space area of the 

sparkplug according to the first embodiment of the invention; 
FIG. 4 is a plan view of a plug cover of the spark plug 

according to the first embodiment of the invention as viewed 
from the proximal side; 

FIG. 5 is a cross-sectional view of a distal end portion of a 
spark plug according to a second embodiment of the inven 
tion; 

FIG. 6 is a cross-sectional view of a distal end portion of a 
spark plug according to a third embodiment of the invention; 

FIG. 7 is a cross-sectional view of a distal end portion of a 
sparkplug according to a fourth embodiment of the invention; 

FIG. 8 is a cross-sectional view of a distal end portion of a 
spark plug according to a fifth embodiment of the invention; 
and 

FIG. 9 is a graph showing test results of examples of the 
sparkplug according to the first embodiment of the invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

In the below-described embodiments of the invention, the 
same or equivalent parts orportions are indicated by the same 
reference numerals or characters. 

First Embodiment 

A spark plug 1 according to a first embodiment of the 
invention is described with reference to FIGS. 1 to 4. As 
shown in FIG. 1, the spark plug 1 includes a tubular housing 
2, a tubular insulator 3 held inside the housing 2, a center 
electrode 4 held inside the insulator 3, a ground electrode 5 
forming a spark discharge gap 11 with the center electrode 4. 
and a plug cover 6 fixed to the distal end of the housing 2. 
As shown in FIG. 2, the plug cover 6 defines an auxiliary 

combustion chamber 12 with the housing 2, the spark dis 
charge gap 11 being located in the auxiliary combustion 
chamber 12. The plug cover 6 is formed with through holes 61 
which communicate the auxiliary combustion chamber 12 
with the outside of the plug cover 6. The ground electrode 5 
projects from the inner surface 62 of the plug cover 6 toward 
the auxiliary combustion chamber 12 
The plug cover 6 has a hemispherical dome shape, and 

fixed to the distal end portion of the housing 2 in a state of its 
open end 63 being directed to the proximal side. The open end 
63 of the plug cover 6 is joined to the distal end portion of the 
housing 2 throughout its circumference by welding or the 
like. 
The ground electrode 5 is disposed at a position on the 

inner surface 62 of the plug cover 6, the plug center axis Mof 
the spark plug 1 passing through this position. The ground 
electrode 5 is joined to the plug cover 6 by welding or the like. 
The ground electrode 5 projects from the inner surface 62 of 
the plug cover 6 toward the proximal side. The center elec 
trode 4 is disposed on the plug center axis M. So as to extend 
along the plug center axis M. A discharging part 41 made of 
a noble metal chip is disposed on the distal end of the center 
electrode 4. 
The plug cover 6 is fixed to the distal end of the housing 2 

So as to cover the center electrode 4. Accordingly, the ground 
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electrode 5 and the discharging part 41 of the center electrode 
4 axially oppose to each other on the plug center axis M. The 
spark discharge gap 11 is formed between an electrode-op 
posing surface 51 of the ground electrode 5 and the discharg 
ing part 41 of the center electrode 4, the electrode-opposing 
Surface 51 being opposed to the discharging part 41. 
As shown in FIGS. 2 and 4, the plug cover 6 is formed with 

a plurality of the through holes 61. The through holes 61 are 
located at positions radially shifted from the plug center axis. 
As shown in FIG. 3, the center line N of each distal-side 
through hole 61 (the through hole 61 on the distal most side) 
is inclined to the plug centerline M Such that it approaches the 
plug center line M toward the proximal side. In this embodi 
ment, as shown in FIG. 4, the through holes 61 are formed at 
four positions. The locations of the four through holes 61 are 
the same in the axial position. That is, in this embodiment, 
each of the through holes 61 is a distal-side through hole the 
center line N of which is inclined to the plug center line M 
such that it approaches the plug center line M toward the 
proximal side. 
As shown in FIG. 3, the electrode-opposing surface 51 

opposed to the center electrode 4 is located within a distal 
space area 13 Surrounded by a conical plane obtained by 
rotating the center line N of the distal-side through hole 61 
around the plug center axis M and the inner surface 62 of the 
plug cover 6 on the more distal side than the conical plane is. 
In this embodiment, since the ground electrode 5 is located on 
the plug center line M, the electrode-opposing surface 51 is 
located at a point on the more distal side than the intersection 
point A between the center line N and the plug center axis M 
within the auxiliary combustion chamber 12. 

In this embodiment, the center electrode 4 projects to the 
distal side beyond the distal end of the housing 2 and the distal 
end of the insulator 3, and the distal end of the insulator 3 
projects to the distal side beyond the distal end of the housing 
2. The plug cover 6 is made of a conductive material Such as 
a nickel based alloy. Accordingly, the ground electrode 5 
provided in the plug cover 6 is in electrical contact with the 
housing 2 to be grounded. The fourthrough holes 6 formed in 
the plug cover 6 are evenly spaced in the circumferential 
direction. 
The spark plug 1 according to the first embodiment of the 

invention described above provides the following advantages. 
The ground electrode 5 is disposed projecting from the inner 
surface 62 of the plug cover 62 toward the auxiliary combus 
tion chamber 12. Accordingly, it is possible to reduce or 
eliminate an area in which the ground electrode 5 is inter 
posed with the spark discharge gap 11 within the auxiliary 
combustion chamber 12. This makes it possible for a flame 
produced in the spark discharge gap 11 to grow in the auxil 
iary combustion chamber 12 without being inhibited by the 
ground electrode 5. Therefore, good combustion in the aux 
iliary combustion chamber 12 is achieved, and good flame jet 
injection from the through holes 61 to the combustion cham 
ber of the internal combustion engine is achieved. Hence, 
according to this embodiment, the combustibility of an inter 
nal combustion engine can be improved. 
As shown in FIG. 3, since the electrode-opposing Surface 

51 of the ground electrode 5 is located within the distal space 
area 13, it is possible to efficiently ignite an air-fuel mixture 
introduced to the auxiliary combustion chamber 12 through 
the through holes 62. That is, the air-fuel mixture introduced 
into the auxiliary combustion chamber 12 through the 
through holes 62 spreads in the auxiliary combustion cham 
ber 12 in a radial pattern with the centerline Nbeing its center. 
At this time, since the distal side of the auxiliary combustion 
chamber 12 is covered by the plug cover 6, the air-fuel mix 
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4 
ture is likely to accumulate early in an area on the more distal 
side than the center line N. That is, the air-fuel mixture is 
likely to accumulate early particularly within the distal space 
area 13 n the auxiliary combustion chamber 12. Hence, by 
locating the electrode-opposing Surface 51 of the ground 
electrode 5 within the distal space area 13, ignition can be 
made early. In addition, by locating the electrode-opposing 
surface 51 of the ground electrode 5 within the distal space 
area 13, a flame jet can be injected early to the combustion 
chamber the internal combustion engine disposed outside the 
plug cover 6 through the through holes 61 when a flame kernel 
has grown in the auxiliary combustion chamber 12. As a 
result, the combustibility of the internal combustion engine 
can be improved. 

Second Embodiment 

Next, a second embodiment of the invention is described 
with reference to FIG. 5. As shown in FIG. 5, in the second 
embodiment, the amount of projection of the ground elec 
trode 5 from the inner surface 62 of the plug cover 6 is more 
than that in the first embodiment. In the second embodiment, 
the position of the electrode-opposing surface 51 of the 
ground electrode 5 is shifted to the housing 2 compared to the 
first embodiment. On the other hand, the discharging part 41 
of the center electrode 4 is shifted to the proximal side instead. 

In this embodiment, the ground electrode 5 is constituted of 
a standing part 52 standing from the inner surface 62 of the 
plug cover 6 to the proximal side, and a discharging part 53 

30 joined to the proximal end surface of the standing part 52. The 
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discharging part 53 is made of a noble metal chip whose 
proximal end surface makes the electrode-opposing surface 
51. The standing part 52 is made of a metal material such as a 
nickel based alloy. 

In this embodiment, the position of the electrode-opposing 
surface 51 of the ground electrode 5 can be adjusted to an 
optimum position by adjusting the length of the standing 
portion 53. Other than the above, the second embodiment 
provides the same advantages as those provided by the first 
embodiment. 

Third Embodiment 

Next, a third embodiment of the invention is described with 
reference to FIG. 6. As shown in FIG. 6, in the third embodi 
ment, the plug cover 6 is formed with a center bump part 64 at 
its center portion, the center bump part 64 protruding to the 
proximal side. The center bump part 64 isjoined to the ground 
electrode 5. The ground electrode 5 projects from the center 
bump part 64 to the proximal side. 

In the third embodiment, the axial position of the ground 
electrode 5 can be adjusted easily by deforming the center 
bump part 64. For example, by adjusting the level of protru 
sion of the center bump part 64 after the plug cover 6 is fitted, 
it is possible to adjust the position of the electrode-opposing 
surface 51 of the ground electrode 5 and adjust the size of the 
spark discharge gap 11 with the discharging part 41 of the 
center electrode 4. Other than the above, the third embodi 
ment provides the same advantages as those provided by the 
first embodiment. 

Fourth Embodiment 

Next, a fourth embodiment of the invention is described 
with reference to FIG. 7. The fourth embodiment includes a 
plurality of the ground electrodes 5. The plurality of the 
ground electrodes 5 are formed projecting from the inner 
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surface 62 of the plug cover 6. One of the ground electrodes 
5 is disposed on the plug center axis M, and the other ground 
electrodes 5 are disposed around it. 
The diameter of the discharging part 41 of the center elec 

trode 4 of this embodiment is larger than that of the first 
embodiment. The electrode-opposing surface 51 of each of 
the ground electrodes 5 is opposed to the discharging part 41 
of the center electrode 4. 

According to the fourth embodiment, since the spark dis 
charge gap 11 is formed at a plurality of different positions, 
the ignitability can be further improved. Other than the above, 
the fourth embodiment provides the same advantages as those 
provided by the first embodiment. 

Fifth Embodiment 

Next, a fifth embodiment of the invention is described with 
reference to FIG. 8. In the fifth embodiment, the spark dis 
charge gap 11 is disposed on the more proximal side than the 
distal end of the housing 2. That is, in the fifth embodiment, 
the spark discharge gap 11 is located inside the housing 2. The 
discharging part 41 of the center electrode 4 recedes to the 
proximal side beyond the distal end of the housing 2. The 
ground electrode 5 extends from the inner surface 62 of the 
plug cover 6 to the proximal side beyond the distal end of the 
housing 2. In this embodiment, the ground electrode 5 is 
constituted of the standing part 52 and the discharging part 53 
like in the second embodiment. 

In this embodiment, the electrode-opposing surface 51 of 
the ground electrode 5 is disposed outside the distal space 
area 13 unlike in the first embodiment. Other than the above, 
the fifth embodiment is the same in structure as the first 
embodiment. 

Next, results of a test performed on examples of the spark 
plug basically according to the first embodiment of the inven 
tion are explained with reference to FIG. 9. In this test, a 
relationship between the axial position of the electrode-op 
posing surface 51 of the ground electrode 5 and a limit A/F of 
the spark plug was measured. The term “limit A/F means a 
limit air-fuel ratio below which the spark plug can maintain 
normal combustion. Accordingly, the ignitibility increases 
with the increase of the limit A/F. Here, the term “normal 
combustion” means combustion where the combustion varia 
tion is less than 5%. 

For this test, five kinds of the spark plugs were prepared as 
spark plugs L1 to L5. The diameter D of the through hole 61, 
the angle theta formed by the center line N of the through hole 
61 and the plug center axis Mofeach of them are shown in the 
following table. For each of the spark plugs L1 to L5, a 
plurality of samples which are different in the axial position 
of the electrode-opposing surface 51 of the ground electrode 
5 were prepared. The structures of the spark plugs L1 to L5 
are basically the same as the spark plug according to the first 
embodiment described above. However, to differentiate the 
axial positions of their electrode-opposing Surfaces 51, some 
of them included the standing part 52, and the length of the 
standing portion 51 was adjusted differently. 

TABLE 

SAMPLE Dmm 0 degree 

L1 1.4 45 
L2 1.2 45 
L3 1.6 45 
LA 1.4 30 
LS 1.4 60 
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6 
The common features of the spark plugs L1 to L5 areas 

follows. The diameter of the housing 2 is 9 mm. The radius of 
the inner surface 6 of the plug cover 6 is 4.0 mm. The thick 
ness of the plug cover 6 is 1.0 mm. The through hole 61 is 
circular when viewed in the direction of the center line N. 
The discharging part 41 of the center electrode 4 has a 

columnar shape with its diameter being 0.55 mm. The ground 
electrode 5 (discharging part 53) has an columnar shape, with 
its diameter being 0.7 mm. The discharging part 41 of the 
center electrode 4 is made of 90 wt % Ir-10 wt % Rh, and the 
ground electrode 5 (discharging part 53) is made of 90 wt % 
Pt-10 wt % Rh. 

Each of these spark plugs L1 to L5 were mounted on a test 
chamber simulating a 1800 cc gasoline engine, and combus 
tion state was monitored under the conditions of the revolu 
tion speed being 1,500 rpm and the rotation torque being 35 
Nm to measure the limit A/F. The test results are shown in the 
graph of FIG. 9. 
The position of the electrode-opposing surface51, which is 

represented by the horizontal axis of this gap, is the axial 
distance from the intersection point A (the intersection point 
between the center line N and the plug center axis M). When 
the position of the electrode-opposing surface 51 is on the 
more distal side than the intersection A, it is given the positive 
sign. When the position of the electrode-opposing surface 51 
is on the more proximal side than the intersection A, it is given 
the negative sign. 
As seen from the graph of FIG. 9, the limit A/F increases 

rapidly when the position of the electrode-opposing Surface 
51 of the ground electrode 5 exceeds 0 mm irrespective of the 
diameter D and the angle theta of the through hole 61 for all 
the spark plugs L1 to L5. That is, when the position of the 
electrode-opposing surface 51 of the ground electrode 5 is on 
the more distal side than the intersection point A, the spark 
plug 1 exhibits excellent ignitability. Hence, it was confirmed 
that locating the electrode-opposing surface 51 within the 
distal space area (see FIG. 3) enables increasing the ignitabil 
ity. 

Incidentally, the ground electrode 5 is disposed on the plug 
center axis M in the above embodiments, however, it may be 
disposed at a position shifted from the plug center axis M. 
Further, the positions of the through holes 61 are the same in 
axial position, they may beformed at different axial positions. 
The above explained preferred embodiments are exem 

plary of the invention of the present application which is 
described solely by the claims appended below. It should be 
understood that modifications of the preferred embodiments 
may be made as would occur to one of skill in the art. 
What is claimed is: 
1. A spark plug for an internal combustion engine compris 

ing: 
a tubular housing: 
a tubular insulator held inside the housing: 
a center electrode held inside the insulator, 
a ground electrode disposed so as to form a spark discharge 

gap with the center electrode; and 
a plug cover fixed to a distal end portion of the housing so 

as to form an auxiliary combustion chamber with the 
housing; wherein: 

the plug cover is formed with at least one through hole for 
communicating between inside of the auxiliary chamber 
and outside of the plug cover, 

the ground electrode is formed so as to project from an 
inner surface of the plug cover toward the inside of the 
auxiliary combustion chamber, 

when one of the through holes which is located on a most 
distal side of the spark plug is referred to as a distal-side 
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through hole, a center line of the distal-side through hole 
approaches a plug center axis of the spark plug toward a 
proximal side of the spark plug, and 

the ground electrode includes an opposing Surface opposed 
to the center electrode, the opposing Surface being 5 
located within a distal space area surrounded by a coni 
cal plane obtained by rotating the center line of the 
distal-side through hole around the plug center axis and 
by the inner Surface of the plug cover located on a more 
distal side of the spark plug than the conical plane. 10 

k k k k k 


