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Description

[0001] The present invention relates to a spark plug
for an internal combustion engine which can prevent lat-
eral sparking.
[0002] Conventionally, a spark plug for ignition is used
in an internal combustion engine. In the spark plug, in
general, a ground electrode is welded to a combustion-
chamber-side tip portion of a metal shell which holds an
insulator in which a center electrode is inserted. The other
end portion of the ground electrode is opposed to the tip
face of a tip portion of the center electrode, whereby a
spark discharge gap is formed. When a spark discharge
is caused between the center electrode and the ground
electrode, an air-fuel mixture between the two electrodes
is ignited and a flame nucleus is formed. Such a spark
plug is for example disclosed in JP-A-2004-207219.
[0003] A spark plug with a housing having a horn
shaped hole which is eccentrically displaced with respect
to the central axis of the housing and an insulator ar-
ranged therein is described in JP 9 256 939. The eccen-
trically displaced hole provides a space opposite a
ground electrode so that a fuel mixture can easily ad-
vance into the space.
[0004] Subsequently published EP 1 601 073 A1 which
is considered as comprised in the state of the art under
Art. 54(3) EPC, describes a spark plug having a cylindri-
cal plug body, a center electrode supported on an inside
of the plug body via an insulator, and a side electrode
connected to a tip portion of the plug body and bent to-
ward the inside of the plug body. The center electrode
being positioned eccentrically at an opposite side to the
side electrode from a center line of the spark plug.
[0005] If a rich air-fuel mixture is introduced continu-
ously to the cylinder during operation of an internal com-
bustion engine or if the internal combustion engine op-
erates at low speeds over a long period of time, smol-
dering (smoldering pollution) where carbon adheres to
an insulator surface around the tip portion of the center
electrode may occur due to insufficient atomization of the
fuel, temperature reduction of the insulator, or another
reason. In the event of smoldering, current flows via the
carbon adhered to the insulator surface, which may
cause lateral sparking between the insulator surface and
the inner circumferential surface of the metal shell. An
effective measure against lateral sparking is to determine
the clearance between the outer circumferential surface
of the insulator and the inner circumferential surface of
the metal shell and the length of the spark discharge gap
so that a spark discharge occurs at the spark discharge
gap even in the event of smoldering.
[0006] However, in recent years, the output power and
fuel efficiency of automobile engines have increased and
miniaturization of spark plugs has come to be required
in order to secure a high degree of freedom in engine-
side designing. Accordingly, the clearance between the
outer circumferential surface of the insulator and the in-
ner circumferential surface of the metal shell has been

decreased, such that lateral sparking tends to occur at
lower voltage differences than before. In particular, since
the electric field strength is high around the ground elec-
trode which projects from the tip face of the metal shell,
spark plugs in which the dimensions of individual parts
are merely scaled down from those of older versions are
problematic in that a spark discharge tends to occur from
the outer circumferential surface of the insulator to a
ground-electrode-side portion of the inner circumferential
surface of the metal shell in the event of smoldering.
[0007] The present invention intends to overcome at
least some of these problems. This object is solved by
the spark plug according to independent claims 1 and 6.
[0008] Further advantages, features, aspects and de-
tails of the invention are evident from the dependent
claims, the description and the accompanying drawings.
[0009] The present invention generally relates to a
spark plug. In particular it relates to a spark plug for an
internal combustion engine.
[0010] The present invention has been made to solve
the above problems, and therefore an object of the in-
vention is to provide a spark plug which is capable of
preventing lateral sparking, by arranging the inner cir-
cumferential surface of a metal shell and the outer cir-
cumferential surface of an insulator so as to assume ec-
centric circles in sectional view.
[0011] More particularly, the above object has been
achieved by providing a spark plug, according to a first
aspect of the invention, comprising a center electrode,
an insulator which has an axial hole extending in an axial
direction of the center electrode and holding the center
electrode in the axial hole, a cylindrical metal shell sur-
rounding the insulator, and a ground electrode having
first and second end portions, an end face of one end
portion being joined to a tip face of the metal shell and
the other end portion being opposed to the center elec-
trode. The spark plug is characterized in that an axial line
of the metal shell and an axial line of the insulator deviate
from one another so that a relationship A > B is satisfied
for distances A and B which are defined on a line con-
necting the center of an inner circle of the tip face of the
metal shell and the center of the end face of the one end
portion of the ground electrode. The distance A is defined
as a distance on the side of the ground electrode between
the inner circle of the tip face of the metal shell and an
intersection line of an outer circumferential surface of the
insulator and a plane including the tip face of the metal
shell or a projection, onto the plane, of an intersection
line of an extended surface of the outer circumferential
surface of the insulator and a plane including a tip face
of the insulator. The distance B is defined as a distance
on a side opposite the ground electrode between the in-
ner circle of the tip face of the metal shell and the inter-
section line of the outer circumferential surface of the
insulator and the plane including the tip face of the metal
shell or the projection, onto the plane, of the intersection
line of the extended surface of the outer circumferential
surface of the insulator and the plane including the tip
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face of the insulator, wherein
[0012] the metal shell has, as an outer circumferential
portion, a screw portion having a nominal diameter which
is smaller than or equal to that of M12; and the axial line
of the metal shell and the axial line of the insulator deviate
from one another so that a relationship 0.1 mm ≤ A - B
≤ 0.3 mm is satisfied.
[0013] The spark plug according to a second aspect
of the invention is such that, in the configuration of the
first aspect, a distance between the inner circle of the tip
face of the metal shell and the intersection line of the
outer circumferential surface of the insulator and the
plane including the tip face of the metal shell or the pro-
jection, onto the plane, of the intersection line of the ex-
tended surface of the outer circumferential surface of the
insulator and the plane including the tip face of the insu-
lator is shorter than or equal to 1.5 mm, and that the axial
line of the metal shell and the axial line of the insulator
deviate from one another so that a relationship 0.1 mm
≤ A - B ≤ 0.3 mm is satisfied.
[0014] The spark plug according to a third aspect of
the invention is characterized in that, in the configuration
of any one of the first to second aspects, a C-chamfered
portion of C0.1 or larger or an R-chamfered portion of
R0.1 or larger is formed at a ridge line defined by the tip
face and an inner circumferential surface of the metal
shell. The term "C-chamfered portion" means a cham-
fered portion in which the corner defined by two planes
is chamfered so that the angles between the chamfer
plane and the two planes defining the corner are about
45° respectively. The term "C0.1 or larger" means that
the cut lengths of the two planes cut by the chamfer are
0.1 mm or longer, respectively. The term "R-chamfered
portion" means a chamfered portion in which the corner
defined by two planes is chamfered so that a circular arc
having a curvature radius of R is formed at the chamfer.
The term "R0.1 or larger" means that the curvature radius
R is 0.1 mm or longer.
[0015] The spark plug according to a fourth aspect of
the invention is characterized in that, in the configuration
of any one of the first to third aspects, the ground elec-
trode is joined to the tip face of the metal shell by welding
and a length of projection, toward the center of the inner
circle of the tip face of the metal shell, of a welding pro-
jection formed by the welding so as to bridge the ground
electrode and the metal shell is made shorter than or
equal to 0.1 mm.
[0016] The spark plug according to a fifth aspect of the
invention is characterized in that, in the configuration of
any one of the first to fourth aspects, an intersection point
of the axial line of the insulator and the plane including
the tip face of the metal shell is located in an acute-angled
sector located on the side opposite the ground electrode
of acute-angled sectors which are defined by parts of the
inner circle of the tip face of the metal shell and two
straight lines passing through two respective inside cor-
ners of the end face of the one end portion of the ground
electrode and the center of the inner circle of the tip face

of the metal shell.
[0017] In the spark plug according to the first aspect
of the invention, the axial line of the metal shell and the
axial line of the insulator deviate from one another so that
the ground-electrode-side distance A between the inner
circle of the tip face of the metal shell and the outer cir-
cumferential surface of the insulator is longer than the
distance B, on the side opposite the ground electrode,
between the inner circle of the tip face of the metal shell
and the outer circumferential surface of the insulator. The
ground electrode is joined to a part of the tip face of the
metal shell, and the electric field strength around the
ground electrode increases at the time of spark dis-
charge. Therefore, when the spark plug is polluted and
rendered in a smoldered state, lateral sparking to the
ground electrode tends to occur. However, according to
the invention, since the axial line of the metal shell and
the axial line of the insulator deviate from one another,
the insulator is set away from the ground electrode in the
region concerned. Hence, lateral sparking can be pre-
vented even when the spark plug is rendered in a smol-
dered state.
[0018] In small spark plugs in which the nominal diam-
eter of the screw portion is smaller than or equal to that
of M12, it is difficult to secure sufficient clearance be-
tween the inner circumferential surface of the metal shell
and the outer circumferential surface of the insulator.
That is, it is difficult to secure sufficient clearance to pre-
vent lateral sparking as mentioned above from occurring
between the ground electrode and the insulator. Where
the axial line of the metal shell and the axial line of the
insulator deviate from one another according to the first
aspect of the invention and the insulator is thereby set
away from the ground electrode in the region concerned,
lateral sparking can be prevented even when the spark
plug is rendered in a smoldered state. However, if the
insulator comes close to that portion of the inner circum-
ferential surface of the metal shell which is located on
the side opposite the side where the ground electrode is
joined to the metal shell, lateral sparking may occur be-
tween that portion of the inner circumferential surface
and the outer circumferential surface of the insulator. Lat-
eral sparking can be effectively prevented by establishing
the relationship 0.1 mm ≤ A - B ≤ 0.3 mm for the distances
A and B.
[0019] In small spark plugs in which the distance be-
tween the inner circle of the tip face of the metal shell
and the intersection line of the outer circumferential sur-
face of the insulator and the plane including the tip face
of the metal shell or the projection, onto the plane, of the
intersection line of the extended surface of the outer cir-
cumferential surface of the insulator and the plane in-
cluding the tip face of the insulator is shorter than or equal
to 1.5 mm, it is difficult to secure sufficient clearance be-
tween the inner circumferential surface of the metal shell
and the outer circumferential surface of the insulator.
Therefore, establishing the relationship 0.1 mm ≤ A - B
≤ 0.3 mm for the distances A and B according to the

3 4 



EP 1 701 418 B1

4

5

10

15

20

25

30

35

40

45

50

55

invention is effective in preventing lateral sparking.
[0020] Where the ridge line defined by the tip face and
the inner circumferential surface of the metal shell is
chamfered as in the spark plug according to the third
aspect of the invention, electric field concentration
around the ridge line can be prevented and the probability
of the occurrence of lateral sparking can thereby be re-
duced. Since the chamfered portion is a C-chamfered
portion of C0.1 or larger or an R-chamfered portion of
R0.1 or larger, the tip face of the metal shell can be set
away from the inner circumferential surface of the metal
shell by interposing the chamfered portion, leading to a
preferable result in that electric field concentration can
be prevented more reliably.
[0021] A welding projection is formed so as to bridge
the metal shell and the ground electrode when they are
joined by welding. By making the length of projection,
toward the center of the inner circle of the tip face of the
metal shell, of the welding projection shorter than or equal
to 0.1 mm according to the above fourth aspect, the in-
vention is more effective in preventing lateral sparking.
If the length of the welding projection is greater than 0.1
mm, a bridge may be formed by carbon, cinders, etc.,
produced by combustion because the absolute distance
between the metal shell and the insulator is small, al-
though electric field strengths remain balanced. When
the welding projection is made shorter than or equal to
0.1 mm, this problem can be avoided and assembly in a
manufacturing process can be facilitated. The manufac-
turing yield of the spark plug can thus be increased.
[0022] The ground electrode is joined to the tip face of
the metal shell with its one side surface opposed to the
axial line of the metal shell. Ridge lines are formed by
the one side surface and the adjacent side surfaces, and
electric field concentration tends to occur there. In the
plane including the tip face of the metal shell, two straight
lines are assumed which pass through the center of the
inner circle of the tip face of the metal shell and the two
inside corners of the end face of the ground electrode.
The region inside the inner circle of the tip face of the
metal shell is divided into four regions by the two straight
lines. The intersection point of the axial line of the insu-
lator and the plane including the tip face of the metal shell
is located in the acute-angled sector located on the side
opposite the ground electrode among the four regions.
That is, according to the fifth aspect of the invention, the
positional relationship between the axial line of the metal
shell and the axial line of the insulator are defined so that
the axial line of the insulator passes through this acute-
angled sector.
[0023] The "two inside corners of the end face of the
ground electrode" are the two end points of the inside
line segment closest to the axial line of the metal shell
among the four line segments that form the outline of the
end face of the one end portion of the ground electrode
in the plane including the tip face of the metal shell. The
inside end points are points obtained by projecting, onto
the plane including the tip face of the metal shell, the two

ridge lines of the ground electrode located on the side of
the axial line of the metal shell.
[0024] The electric field strength around the ground
electrode increases and the electric field becomes more
apt to concentrate particularly around the two inside end
points as the axial line of the insulator comes closer to
the ground electrode on the straight line connecting the
center of the inner circle of the tip face of the metal shell
and the center of the end face of the one end portion of
the ground electrode. When the position of the axial line
of the insulator is moved in the direction perpendicular
to the straight line connecting the center of the inner circle
of the tip face of the metal shell and the center of the end
face of the one end portion of the ground electrode on
the side where the position of the axial line of the insulator
is close to the ground electrode in the region that is lo-
cated inside the inner circle of the tip face of the metal
shell and in which the relationship A > B is satisfied, there
is a difference in the distances between the position of
the axial line of the insulator and the two inside end points.
Also, the electric field concentration around the closer
one of the inside end points becomes more influential.
Therefore, the influence of the electric field concentration
around the closer inside end point can be decreased as
the position of the axial line of the insulator comes closer
to the position where the distances between the position
of the axial line of the insulator and the two inside end
points are the same.
[0025] On the other hand, the difference in the distanc-
es between the position of the axial line of the insulator
and the two inside end points does not vary to a large
extent. Hence, the influence of the electric field concen-
tration around the inside end points is not influential, even
if the position of the axial line of the insulator is moved
in the direction perpendicular to the straight line connect-
ing the center of the inner circle of the tip face of the metal
shell and the center of the end face of the one end portion
of the ground electrode on the side where the position of
the axial line of the insulator is distant from the ground
electrode in the region that is located inside the inner
circle of the tip face of the metal shell and in which the
relationship A > B is satisfied. However, a state where
the position of the axial line of the insulator deviates so
as to be located outside the range whose length is equal
to the distance between the two inside end points is not
preferable. This is because the distance between the
metal shell and the insulator is small on the side of the
deviation.
[0026] Based on the above discussion, when the po-
sition of the axial line of the insulator is located in the
above mentioned acute-angled sector according to the
fifth aspect of the invention, on the side where the position
of the axial line of the insulator is close to the ground
electrode in the region that is located inside the inner
circle of the tip face of the metal shell and in which the
relationship A > B is satisfied, the position of the axial
line of the insulator can be set close to the position where
the distances between the position of the axial line of the
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insulator and the two inside end points are the same. On
the side, in the above region, where the position of the
axial line of the insulator is distant from the ground elec-
trode, the influence of the electric field concentration
around the inside end points can be made small even if
the position of the axial line of the insulator is moved in
the above-mentioned manner. As a result, the probability
of lateral sparking can be made sufficiently low even if
the allowance of the positioning between the metal shell
and the insulator in manufacture of the spark plug is set
large.
[0027] In manufactured spark plugs, because a melted
portion is formed by welding the tip face of the metal shell
and the end face of the one end portion of the ground
electrode, the inside end points may not be clearly found.
In such a case, the two inside end points of the ground
electrode may be determined by using a projection ob-
tained by projecting, onto the plane including the tip face
of the metal shell, a portion of the ground electrode that
has clear inside end points in a transverse cross section.
More specifically, a projection may be used which is ob-
tained by projecting, onto the above plane, inside end
points in a portion located on the tip side of a melted
portion between the metal shell and the ground electrode
(e.g., an imaginary cross section of the ground electrode
that is set apart from the tip face of the metal shell by 1
mm).
[0028] Thus, it is described a spark plug including: a
center electrode (20); an insulator (10) having an axial
hole (12) extending in an axial direction of the center
electrode (20) and holding the center electrode (20) in
the axial hole (12); a cylindrical metal shell (50) surround-
ing the insulator (10) and holding the insulator (10); and
a ground electrode (30) having first and second end por-
tions, an end face (35) of one end portion (32) being
joined to a tip face (57) of the metal shell (50) and which
is bent so that the other end portion (31) is opposed to
the center electrode (20). An axial line (P) of the metal
shell (50) and an axial line (O) of the insulator (10) deviate
from one another so that a relationship A > B is satisfied
for distances A and B as defined herein.
[0029] The invention will be better understood by ref-
erence to the following description of the embodiments
of the invention taken in conjunction with the accompa-
nying drawings, wherein

Fig. 1 is a partial sectional view of a spark plug 100.
Fig. 2 is an enlarged sectional view of part of the
spark plug 100.
Fig. 3 is a sectional view of a tip portion of the spark
plug 100 taken along a two-dot chain line X-X in Fig.
2 and viewed from the direction indicated by the ar-
rows.
Fig. 4 illustrates a technique for fixing a metal shell
50 to an insulator 10 in an off-axis state.
Fig. 5 is an enlarged sectional view of part of the
spark plug 100 in which a welding burr bridging a
metal shall 50 and a ground electrode 30 is not com-

pletely removed.
Fig. 6 is a sectional view of the tip portion of the spark
plug 100, illustrating a preferred positional relation-
ship between the axial line O of the insulator 10 and
inside end points S 1 and S2 of a ground electrode
30.
Fig. 7 is a sectional view of the tip portion of the spark
plug 100, illustrating a positional relationship be-
tween the axial line O of the insulator 10 and the
inside end points S1 and S2 of the ground electrode
30 which is not preferred.
Fig. 8 is a sectional view of the tip portion of the spark
plug 100, illustrating another positional relationship
between the axial line O of the insulator 10 and the
inside end points S1 and S2 of the ground electrode
30 which is not preferred.
Fig. 9 is a graph showing a relationship between off-
axis deviation and the probability of occurrence of
lateral sparking.
Fig. 10 is an enlarged sectional view of part of a spark
plug 200, in which the insulator 10 and the metal
shell 50 are integrated and where the axial line O of
the insulator 10 is inclined from the axial line P of the
metal shell 50.
Fig. 11 is an enlarged sectional view of part of a spark
plug 300, in which a tip face 311 of an insulator 310
is located behind a tip face 57 of the metal shell 50.
Fig. 12 is an enlarged sectional view of part of a spark
plug 400, in which a ridge line formed by a tip face
457 and an inner circumferential surface 458 of a
metal shell 450 is subjected to C chamfering.
Fig. 13 is an enlarged sectional view of part of a spark
plug 410, in which a ridge line formed by a tip face
467 and an inner circumferential surface 468 of a
metal shell 460 is subjected to R chamfering.
Fig. 14 is a sectional view of a tip portion of a spark
plug 500, in which a tip portion of an insulator 510
has a thin portion which is located on the side of the
ground electrode 30.

[0030] Reference numerals used to identify various
structural elements in the drawings include the following.

10: Insulator
12: Axial hole
14: Outer circumferential surface
20: Center electrode
30: Ground electrode
31: Tip portion
32: Base portion
50: Metal shell
52: Screw portion
57: Tip face
59: Ridge line
85: Welding projection
100: Spark plug
459: C-chamfered portion
469: R-chamfered portion
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[0031] A spark plug according to an embodiment of
the present invention will hereinafter be described with
reference to the drawings. However, the present inven-
tion should not be construed as being limited thereto.
[0032] First, the entire structure of an exemplary spark
plug 100 will be described with reference to Figs. 1 and
2. Fig. 1 is a partial sectional view of the spark plug 100.
Fig. 2 is an enlarged sectional view of part of the spark
plug 100 of particular interest. In the spark plug 100 ac-
cording to the embodiment, to prevent lateral sparking,
a metal shell 50 and an insulator 10 are assembled in
such manner that their axial lines deviate from one an-
other. In the following description, the axial lines of the
insulator 10 and the metal shell 50 are indicated by chain
lines O and P, respectively. Further, in the drawings, the
axial line O will be set in the top/bottom direction and the
tip side and the tail side (rear end side) of the spark plug
100 will be set below and above, respectively.
[0033] As shown in Fig. 1, the spark plug 100 is gen-
erally composed of the insulator 10, the metal shell 50
which holds the insulator 10, a center electrode 20 which
is held in the insulator 10 so as to extend along the axial
line O, a ground electrode 30 having an end face 35 on
the side of its base portion 32 welded to a tip face 57 of
the metal shell 50 and having a side surface on the side
of its tip portion 31 opposed to a tip portion 22 of the
center electrode 20, and a terminal metal part 40 which
is disposed in the rear of the insulator 10.
[0034] First, the insulator 10 of the spark plug 100 will
be described. As known in this field of art, the insulator
10 is a cylindrical insulating member which is formed by
sintering alumina or the like and has an axial hole 12
extending along the axial line O. A brim portion 19 having
a largest outer diameter is formed approximately at the
center in the axial line O direction, and a tail-side barrel
portion 18 is formed in the rear of the brim portion 19. A
tip-side barrel portion 17 which is smaller in diameter
than the tail-side barrel portion 18 is formed on the tip
side of the brim portion 19, and a leg portion 13 which is
even smaller in diameter than the tip-side barrel portion
17 is formed on the tip side of the tip-side barrel portion
17. The leg portion 13 is tapered toward the tip, and is
placed in the combustion chamber when the spark plug
100 is mounted to an internal combustion engine (not
shown). A step portion 15 is formed between the leg por-
tion 13 and the tip-side barrel portion 17.
[0035] The center electrode 20 is made of, for exam-
ple, a nickel alloy such as INCONEL (trade name) 600
or 601 and has an embedded metal core 23 made of
copper or the like having high heat conductivity. The cent-
er electrode 20 is held in the axial hole 12 of the insulator
10 so as to occupy its tip-side space, and the tip portion
22 of the center electrode 20 projects from the tip face
11 of the insulator 10 and tapers down toward the tip. As
shown in Fig. 2, a column-shaped noble metal chip 90 is
welded to the tip face of the tip portion 22 in such manner
that its column axis coincides with the axial line of the
center electrode 20. As shown in Fig. 1, the center elec-

trode 20 is electrically connected to the terminal metal
part 40 (located at the tail) via a sealing body 4 and a
ceramic resistor 3 which are disposed inside the axial
hole 12. A high-voltage cable (not shown) is connected
to the terminal metal part 40 via a plug cap (not shown),
whereby a high voltage is applied to the terminal metal
part 40.
[0036] Next, the ground electrode 30 will be described.
As shown in Fig. 2, the ground electrode 30 is made of
a metal of high corrosion resistance, an example of which
is a nickel alloy such as INCONEL (trade name) 600 or
601. The ground electrode 30 is approximately rectan-
gular in transverse cross section, and its one end face
35 on the side of base portion 32 is joined to the tip face
57 of the metal shell 50 by welding. The ground electrode
30 is bent so that part of an inside surface 33 correspond-
ing to the other end portion (tip portion 31) of the ground
electrode 30 is opposed to the tip portion 22 of the center
electrode 20. A noble metal chip 91 is joined to the inside
surface 33 of the tip portion 31 in such manner that its
axis coincides with the axis of the center electrode 20.
As a result, a spark discharge gap is formed between the
noble metal chips 90 and 91 which are opposed to one
another.
[0037] Next, the metal shell 50 will be described. As
shown in Fig. 1, the metal shell 50 is a cylindrical metal
part for fixing the spark plug 100 to the engine head of
an internal combustion engine (not shown) and holds the
insulator 10 so as to surround it. A tip portion of the leg
portion 13 of the insulator 10 projects forward (downward
in Fig. 1) from the tip face 57 of the metal shell 50. The
metal shell 50 is made of an iron-based material, and is
provided with a tool engagement portion 51 to be fitted
with a spark plug wrench (not shown) and a screw portion
52 to be threadedly engaged with the engine head which
is provided at the top of an internal combustion engine
(not shown).
[0038] Annular ring members 6 and 7 are interposed
between the tool engagement portion 51 of the metal
shell 50 and the tail-side barrel portion 18 of the insulator
10, and the space between the two rings 6 and 7 is
charged with talc powder 9. A crimping portion 53 is
formed in the rear of the tool engagement portion 51. The
insulator 10 is pressed toward the tip side in the metal
shell 50 via the ring members 6 and 7 and the talc powder
9 by crimping the crimping portion 53. As a result, the
step portion 15 of the insulator 10 between the tip-side
barrel portion 17 and the leg portion 13 is supported, via
a packing 80, by a step portion 56 which is formed in the
inner circumferential surface of the metal shell 50, where-
by the metal shell 50 and the insulator 10 are integrated
with one another. Airtightness between the metal shell
50 and the insulator 10 is secured by the packing 80 to
prevent an outflow of combustion gas. A brim portion 54
is formed at a central position of the metal shell 50, and
a gasket 5 is inserted so as to be located in the rear of
(in Fig. 5, over) the screw portion 52, that is, on a seat
face 55 of the brim portion 54.
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[0039] For example, in spark plugs in which the nom-
inal diameter of the metal shell is larger than M12, lateral
sparking is not prone to occur due to an increase in the
strength of an electric field around the ground electrode.
This is because the distance (clearance) between the
outer circumferential surface (14) of the insulator 10 and
the inner circumferential surface (58) of the metal shell
is sufficiently long and the insulation resistance is large
there. In view of this, the embodiment is directed to spark
plugs (100) in which the nominal diameter of the screw
portion (52) as a measure of the spark plug size is smaller
than or equal to M12. In such spark plugs, the above-
mentioned clearance is smaller than or equal to 1.5 mm,
and hence dielectric breakdown tends to occur there at
a smaller resistance value than in spark plugs in which
the nominal diameter of the screw portion is larger than
M12. In the spark plug 100, disposing the outer circum-
ferential surface 14 of the insulator 10 away from the
ground electrode 30 around which the electric field
strength becomes high at the time of a spark discharge
is effective in preventing lateral sparking between the
outer circumferential surface 14 of the insulator 10 and
the inner circumferential surface 58 of the metal shell 50
at a position close to the ground electrode 30 when smol-
dering has occurred. Therefore, in the spark plug 100
according to the embodiment, in one step of its manu-
facture, the metal shell 50 and the insulator 10 are inte-
grated by crimping in a state that the axial line P of the
metal shell 50 and the axial line O of the insulator 10
deviate from one another.
[0040] The relative positional relationship between the
metal shell 50 and the insulator 10 will be described below
with reference to Figs. 2-8. Fig. 3 is a sectional view of
a tip portion of the spark plug 100 taken along a two-dot
chain line X-X in Fig. 2 and viewed from the direction
indicated by the arrows. Fig. 4 illustrates a technique of
fixing the metal shell 50 and the insulator 10 to one an-
other in an off-axis state. Fig. 5 is an enlarged sectional
view of a part of the spark plug 100 in which a welding
burr bridging the metal shall 50 and the ground electrode
30 is not completely removed. Fig. 6 is a sectional view
of the tip portion of the spark plug 100, illustrating a pre-
ferred positional relationship between the axial line O of
the insulator 10 and inside end points S1 and S2 of the
ground electrode 30. Fig. 7 is a sectional view of the tip
portion of the spark plug 100, illustrating a positional re-
lationship between the axial line O of the insulator 10 and
the inside end points S1 and S2 of the ground electrode
30 that is not preferred. Fig. 8 is a sectional view of the
tip portion of the spark plug 100, illustrating a second
positional relationship between the axial line O of the
insulator 10 and the inside end points S1 and S2 of the
ground electrode 30 that is not preferred.
[0041] As shown in Fig. 2, in the cross section of the
spark plug 100 including the axial line P of the metal shell
50 and the axial line O of the insulator 10, the axial line
O of the insulator 10 deviates from the axial line P of the
metal shell 50 to the side opposite to the side where the

ground electrode 30 is joined to the metal shell 50. More
specifically, the following positional relationship is estab-
lished. First, as shown in Fig. 3, Q denotes the center of
the base-portion-30-side end face 35 of the ground elec-
trode 30 which is joined to the tip face 57 of the metal
shell 50. In this embodiment, since the transverse cross
section of the ground electrode 30, that is, the end face
35, is approximately rectangular, the intersection point
of the diagonals of the rectangle is denoted by Q. Since
as mentioned above the ground electrode 30 is welded
to the metal shell 50, a melted portion is formed in the
welding region and hence the shape of the end face 35
of the ground electrode 30 may not be clearly defined.
In such a case, the center Q of the end face 35 of the
ground electrode 30 may be determined by projecting
that portion of the ground electrode 30 which has a clear
sectional shape onto a plane including the tip face 57 of
the metal shell 50 (i.e., an X-X plane including the cross
section of the spark plug 100 taken along the two-dot
chain line X-X in Fig. 2 and viewed from the direction
indicated by the arrows).
[0042] If the metal shell 50 is not eccentric in the X-X
plane, the center of the inner circle (denoted by L in Fig.
3) of the tip face 57 of the metal shell 50 coincides with
the intersection point of the axial line P and the X-X plane.
Therefore, the line passing through the center Q and the
axial line P in the X-X plane is denoted by Y-Y. The dis-
tance between the outer circumferential surface 14 of the
insulator 10 and the inner circle L of the tip face 57 of the
metal shell 50 on the line Y-Y on the ground electrode
30 side of the axial line P is represented by A. The dis-
tance between the outer circumferential surface 14 of the
insulator 10 and the inner circle L of the tip face 57 of the
metal shell 50 on the line Y-Y on the side of the axial line
P opposite to the ground electrode 30 is represented by
B. In the spark plug 100 according to the embodiment,
the positional relationship between the inner circumfer-
ential surface 58 of the metal shell 50 and the outer cir-
cumferential surface 14 of the insulator 10 is determined
so as to satisfy a relationship A > B.
[0043] Usually, from the viewpoint of increasing its in-
sulation performance, heat resistance, and durability, the
insulator 10 is formed so that its cross section perpen-
dicular to the axial line O assumes a perfect circle. Like-
wise, usually, the metal shell 50 is formed so that its cross
section perpendicular to the axial line P assumes a per-
fect circle. Therefore, in a manufacturing process of the
spark plug 100, it is appropriate to crimp the crimping
portion 53 in a state that the metal shell 50 and the insu-
lator 10 are tentatively fixed to one another after being
positioned with respect to one another so that the position
of the axial line O is located on the side of the position
of the axial line P opposite the ground electrode 40 on
the line Y-Y. The above-mentioned relationship A > B
can be satisfied by the above procedure, that is, by po-
sitioning the metal shell 50 and the insulator 10 with re-
spect to one another using the axial lines P and O as
references.
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[0044] As shown in Fig. 4, one specific method for po-
sitioning the metal shell 50 and the insulator 10 at the
time of crimping is a method using a positioning member
500. The positioning member 500 is cylindrical and has
a through-hole 520. An outer circumferential surface 501
engages the inner circumferential surface 58 of the metal
shell 50, and an inner circumferential surface 502 of the
through-hole 520 engages the outer circumferential sur-
face 14 of the insulator 10. The positioning member 500
is configured so that the positional relationship between
the axis of the cylindrical shape of the outer circumfer-
ential surface 501 and the axis of the cylindrical shape
of the inner circumferential surface 502 is the same as
that of the axial line P of the crimped metal shell 50 and
the axial line O of the insulator 10. That is, the axis of the
cylindrical shape of the outer circumferential surface 501
and the axis of the cylindrical shape of the inner circum-
ferential surface 502 deviate from one another so that
the wall defined by the outer circumferential surface 501
and the inner circumferential surface 502 of the position-
ing member 500 has portions whose thicknesses in the
vertical sectional view satisfy the relationship A > B which
was described above with reference to Fig. 3. So that the
positioning member 500 itself can be positioned with re-
spect to the metal shell 50, the positioning member 500
is provided with, on the rear side in the direction in which
it is inserted into the metal shell 50, a stepped seat 510
that is to be brought into contact with the tip face 57 of
the metal shell 50. The seat 510 has a cut portion 530
which extends parallel with the axial direction. The
ground electrode 30 which is joined to the metal shell 50
engages the cut portion 530, whereby the direction of
deviation between the axis of the cylindrical shape of the
outer circumferential surface 501 and the axis of the cy-
lindrical shape of the inner circumferential surface 502
is made equal to that between the axial line P of the
crimped metal shell 50 and the axial line O of the insulator
10.
[0045] As the above-configured positioning member
500 is inserted into the metal shell 50 from its tip side,
the outer circumferential surface 501 engages the inner
circumferential surface 58 of the metal shell 50 while the
ground electrode 30 engages the cut portion 530 of the
seat 510. In this state, the packing 80 and the insulator
10 are inserted from the rear side of the metal shell 50,
and the tip-side portion of the outer circumferential sur-
face 14 of the insulator 10 engages the inner circumfer-
ential surface 502 of the through-hole 520 of the posi-
tioning member 500. After the ring members 6 and 7 and
the talc powder 9 are put in place, the crimping portion
53 of the metal shell 50 is crimped, whereby the metal
shell 50 and the insulator 10 are fixed to and integrated
with one another. In this manner, the spark plug 100 in
which the axial line P of the metal shell 50 and the axial
line O of the insulator 10 deviate from one another and
in which the relationship A > B is satisfied can be man-
ufactured easily.
[0046] Where, as described above, the metal shell 50

is fixed to the insulator 10 in an off-axis state, internal
stress might occur in the insulator 10 so as to be unsym-
metrical with respect to the axial line O. In the embodi-
ment, since the insulator 10 is supported via the packing
80, the talc powder 9, and the ring members 6 and 7 in
the metal shell 50, such internal stress is absorbed by
these members and therefore does not occur. Based on
results of an evaluation test described below, the posi-
tional relationship between the metal shell 50 and the
insulator 10 which are fixed to one another in the above-
described manner is desirably such that the difference
between the distances A and B each is 0.1 to 0.3 mm.
For the same reason, the distance between the axial line
O of the insulator 10 and the axial line P of the metal shell
50 is preferably from 0.05 mm to 0.15 mm on a plane
including the tip face 57 of the metal shell 50.
[0047] The ground electrode 30 is joined to the tip face
57 of the metal shell 50 by resistance welding and a weld-
ing burr is produced at that time. Usually, the welding
burr is cut away in a step that follows the resistance weld-
ing step. Where, as shown in Fig. 5, the welding burr is
not removed completely (i.e., not removed to such an
extent as to produce a smooth surface that is flush with
the inner circumferential surface 58 of the metal shell
50), the welding burr may be left in the form of a welding
projection 85 such that its length (represented by G in
the figure) of projection from the inner circle L of the tip
face 57 of the metal shell 50 toward the center of the
circle L (i.e., the position of the axial line P) in the X-X
plane is shorter than or equal to 0.1 mm. As long as the
projection length G of the welding projection 85 is shorter
than or equal to 0.1 mm, a clearance as required in the
embodiment in order to arrange the metal shell 50 and
the insulator 10 so that their axial lines P and O deviate
from one another can be secured. If the projection length
G of the welding projection 85 is greater than 0.1 mm, a
spark discharge may occur between the tip portion of the
welding projection 85 and the outer circumferential sur-
face 14 of the insulator 10 when smoldering has occurred.
The distance between the tip of the welding projection
85 and the outer circumferential surface 14 of the insu-
lator 10 on the above-mentioned line Y-Y is represented
by D. The distance D is desirably greater than the dis-
tance B, more specifically, the difference between the
distances D and B is desirably from 0.1 to 0.3 mm.
[0048] Since, as described above, the transverse
cross section of the ground electrode 30 is approximately
rectangular, its adjoining side surfaces form a ridge line.
In general, the electric field strength tends to be high
around such sharp edges. In view of this, in the embod-
iment, to lower the influence, on a lateral spark, of electric
field concentration around the ridge lines formed by the
two respective longitudinal end lines of the side surface
that is opposed to the axial line P (i.e., the inside surface
33) among the four side surfaces of the ground electrode
30, the positional relationship between the metal shell 50
and the insulator 10 is determined in the following man-
ner.
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[0049] First, as shown in Fig. 6, in the plane including
the tip face 57 of the metal shell 50 (i.e., the above-men-
tioned X-X plane), the two end points of the inside line
segment closest to the axial line P of the metal shell 50
among the four line segments that form the outline of the
end face 35 of the base portion 32 of the ground electrode
30 are denoted by S1 and S2. The inside end points S1
and S2 are points obtained by projecting, onto the X-X
plane, the two ridge lines formed by the inside surface
33 and the two adjacent side surfaces of the ground elec-
trode 30, and are points where electric field concentration
tends to occur. Next, the two straight lines passing
through the two inside end points S 1 and S2 and the
center of the inner circle L of the tip face 57 of the metal
shell 50 (i.e., the position of the axial line P on the X-X
plane) are denoted by T1 and T2, respectively. The re-
gion inside the inner circle L of the tip face 57 of the metal
shell 50 is divided into four sectors by the straight lines
T1 and T2. The acute-angled sector that is defined by
the straight lines T1 and T2 and part of the inner circle
L, and which is located on the side of the position of the
axial line P opposite the ground electrode 30, is denoted
by U (hatched in Fig. 6). In the embodiment, the positional
relationship between the metal shell 50 and the insulator
10 is determined so that the position of the axial line O
(i.e., the intersection point of the axial line O and the X-
X plane) is located in the acute-angled sector of the re-
gion L in the X-X plane.
[0050] The influence of electric field concentration
around the inside end points S1 and S2 is relatively great
on the side where the position of the axial line O of the
insulator 10 is close to the inside end points S1 and S2
in the one, more distant from the ground electrode 30, of
the two regions formed by dividing the inner circle L of
the tip face 57 of the metal shell 50 by the straight line
that passes through the position of the axial line P of the
metal shell 50 and is perpendicular to the line Y-Y. For
example, as shown in Fig. 7, the difference in distance
between the position of the axial line O and the inside
end point S1 and the distance between the position of
the axial line O and the inside end point S2 increases as
the position of the axial line O moves in a direction per-
pendicular to the line Y-Y so as to come closer to one of
the inside end points S 1 and S2. Therefore, the influence
of electric field concentration around the closer one of
the inside end points S 1 and S2 can be decreased as
the position of the axial line O comes closer, in the direc-
tion perpendicular to the line Y-Y, to the position where
the distances between the position of the axial line O and
the inside end points S 1 and S2 are the same.
[0051] On the other hand, the influence of electric field
concentration around the inside end points S1 and S2 is
relatively small on the side where the position of the axial
line O is away from the inside end points S1 and S2 in
the one, more distant from the ground electrode 30, of
the two regions formed by dividing the inner circle L of
the tip face 57 of the metal shell 50 by the straight line
that passes through the position of the axial line P of the

metal shell 50 and is perpendicular to the line Y-Y. The
difference in distance between the position of the axial
line O and the inside end point S1 and the distance be-
tween the position of the axial line O and the inside end
point S2 does not vary to a large extent even if the position
of the axial line O moves in the direction perpendicular
to the line Y-Y so as to come closer to one of the inside
end points S 1 and S2. For example, as shown in Fig. 8,
a state in which the position of the axial line O deviates
in the direction perpendicular to the line Y-Y so as to be
located outside the range whose length is equal to the
distance between the inside end points S1 and S2 is not
preferred. This is because the distance between the inner
circumferential surface 58 of the metal shell 50 and the
outer circumferential surface 14 of the insulator 10 is
small on the side of the deviation.
[0052] Based on the above discussion, as shown in
Fig. 6, on the side where the position of the axial line O
of the insulator 10 is close to the inside end points S1
and S2 in the one, more distant from the ground electrode
30, of the two regions formed by dividing the inner circle
L of the tip face 57 of the metal shell 50 by the straight
line that passes through the position of the axial line P
of the metal shell 50 and is perpendicular to the line Y-
Y, the position of the axial line O is set at a position where
the distances between the position of the axial line O and
the inside end points S1 and S2 are approximately the
same even if it deviates in the direction perpendicular to
the line Y-Y. On the side where the position of the axial
line O of the insulator 10 is away from the inside end
points S 1 and S2 in the one, more distant from the ground
electrode 30, of the two regions formed by dividing the
inner circle L of the tip face 57 of the metal shell 50 by
the straight line that passes through the position of the
axial line P of the metal shell 50 and is perpendicular to
the line Y-Y, the position of the axial line O is allowed to
deviate in the direction perpendicular to the line Y-Y as
long as it is located within a range whose length is equal
to the distance between the inside end points S and S2.
That is, determining the position of the axial line O of the
insulator 10 so that it is located in the above-mentioned
acute-angled sector U makes the spark plug 100 less
prone to the influence of electric field concentration
around the inside end points S 1 and S2 and hence pre-
vents lateral sparking. This is the case even if positioning
tolerance between the axial line P of the metal shell 50
and the axial line O of the insulator 10 in manufacture of
the spark plug 100 is set large.
[0053] In the spark plug 100 according to the embod-
iment, the noble metal chip 91 is joined to the part of the
inside surface 33 corresponding to the tip portion 31 of
the ground electrode 30. In the completed spark plug
100, the noble metal chip 91 joined to the ground elec-
trode 30 and the noble metal chip 90 joined to the tip
portion 22 of the center electrode 20 are desirably op-
posed to one another as shown in Fig. 2. An appropriate
measure for this purpose is to adjust the joining position
of the noble metal chip 91 on the inside surface 33 of the
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ground electrode 30 in accordance with the deviation be-
tween the axial line P of the metal shell 50 and the axial
line O of the insulator 10 when the noble metal chip 91
is joined to the ground electrode 30. More specifically, it
is appropriate to join the noble metal chip 91 at a position
that deviates toward the tip of the ground electrode 30
from the joining position (reference joining position) of
the noble metal chip on the ground electrode in a con-
ventional spark plug (i.e., the joining position with which
the axial line of the noble metal chip coincides with the
axial line P of the metal shell when the ground electrode
is bent) by the deviation between the axial lines P and O
(i.e., (A - B)/2 (see Fig. 3)).

EXAMPLES

[0054] The following evaluation test was performed on
the above-configured spark plug 100 to confirm the ad-
vantages of the invention.

Example 1

[0055] In this evaluation test, eight samples of the
spark plug 100 were manufactured in which the deviation
of the axial line O of the insulator 10 from the axial line
P of the metal shell 50 (the off-axis deviation) was varied
in a range of -0.3 to +0.4 mm with a step of 0.1 mm, and
the probability of occurrence of a lateral spark was meas-
ured for each sample. The off-axis deviation was defined
as the distance between the position of the axial line P
and the position of the axial line O on the line Y-Y in the
cross section of the spark plug 100 shown in Fig. 3. The
polarity of the off-axis deviation was defined such that
the off-axis deviation is indicated as negative when the
position of the axial line O is located on the side of the
position of the axial line P where the ground electrode
30 is joined to the metal shell 50, and is indicated as
positive when the position of the axial line O is located
on the opposite side.
[0056] The spark plug samples conformed to a spec-
ification in which the nominal designation of the screw
portion 52 of the metal shell 50 was M10 (the clearance
between the outer circumferential surface 14 of the insu-
lator 10 and the inner circumferential surface 58 of the
metal shell 50 was 1.5 mm when their axial lines O and
P coincide with one another). Each sample was rendered
in a smoldered state by adhering carbon on the tip portion
of the insulator 10 of each sample. Each sample was
placed in a chamber, and spark discharges were gener-
ated 100 times at an air pressure of 0.6 MPa. The number
of times that a lateral spark occurred was measured dur-
ing that course, and the probability of occurrence of a
lateral spark was thereby obtained. The spark discharge
gap of each sample was set at 0.9 mm.
[0057] As shown in Fig. 9, in the case of a spark plug
sample in which the off-axis deviation was 0 mm, that is,
when the axial line P of the metal shell 50 and the axial
line O of the insulator 10 are coincident, the probability

of occurrence of lateral sparking was 30% to 40%. As
the off-axis deviation was increased in the negative di-
rection, that is, when the axial line O of the insulator 10
was moved closer to the ground electrode 30, the dis-
tance A (see Fig. 3) decreased and hence the probability
of occurrence of lateral sparking increased. The proba-
bility of lateral sparking reached 100% when the off-axis
deviation was -0.3 mm. On the other hand, as the off-
axis deviation increased in the positive direction, that is,
when the axial line O of the insulator 10 was moved away
from the ground electrode 30, the distance A (see Fig.
3) increased and hence the probability of lateral sparking
decreased. However, when the off-axis deviation was
further increased, the distance B (see Fig. 3) became
excessively small and hence lateral sparking occurred
on the side opposite the ground electrode 30 in the X-X
plane (see Fig. 2) to increase the probability of lateral
sparking. More specifically, it was found that if the off-
axis deviation was +0.1 to +0.3 mm, the probability of
lateral sparking was lower than or equal to 20% and
therefore suitable for manufactured products.
[0058] In the above evaluation test, samples in which
the nominal designation of the screw portion 52 was M10
and the clearance was 1.4 mm and samples in which the
nominal designation of the screw portion 52 was M12
and the clearance was 1.6 mm were prepared as com-
parative examples and were subjected to the same test.
It was found that in either group of samples the probability
of lateral sparking was lower than or equal to 20% and
therefore suitable for manufactured products as long as
the off-axis deviation was +0.1 to +0.3 mm.
[0059] When a spark discharge occurs, the electric
field strength around the ground electrode increases and
hence the dielectric breakdown voltage between the
ground-electrode-side portion of the inner circumferential
surface of the metal shell and the outer circumferential
surface of the insulator becomes low. However, as de-
scribed in Example 1, it was found that the dielectric
breakdown voltage between the inner circumferential
surface 58 of the metal shell 50 and the outer circumfer-
ential surface 14 of the insulator 10 can be made uniform
over the entire circumference thereof, and lateral spark-
ing can be prevented by deviating the axial line O of the
insulator 10 from the axial line P of the metal shell 50
toward the side opposite the ground electrode 30.
[0060] It goes without saying that various modifications
of the invention are possible. For example, although in
the embodiment the positional relationship between the
axial line P of the metal shell 50 and the axial line O of
the insulator 10 is changed while the axial lines P and O
are kept parallel with each other, it may be changed by
inclining the axial line O from the axial line P. For example,
in the spark plug 200 shown in Fig. 10, the metal shell
50 and the insulator 10 are integrated by crimping the
crimping portion 53 so as to tentatively fix the same, with
axial lines P and O arranged so as not to be parallel with
one another. In this case, the metal shell 50 and the in-
sulator 10 may be tentatively fixed to one another so that,
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as in the embodiment, the distance A (between the outer
circumferential surface 14 of the insulator 10 and the in-
ner circle L of the tip face 57 of the metal shell 50 on the
ground electrode 30 side of the axial line P) is longer than
the distance B (between the outer circumferential surface
14 of the insulator 10 and the inner circle L of the tip face
57 of the metal shell 50 on the side of the axial line P
opposite the ground electrode 30 in the X-X plane which
includes the tip face 57 of the metal shell 50).
[0061] As another example, in the spark plug 300
shown in Fig. 11, a tip face 311 of an insulator 310 may
be located behind the tip face 57 of the metal shall 50.
In this case, the following procedure may be employed.
Assume an imaginary circle that is an intersection line F
formed by a curved plane extended from a tip-side outer
circumferential surface 314 of the insulator 310 and a
plane including the tip face 311 of the insulator 310. The
distances A and B as used in the embodiment herein are
defined as the distances between an imaginary circle ob-
tained by projecting the above imaginary circle onto the
X-X plane including the tip face 57 of the metal shell 50
and the inner circle of the tip face 57 of the metal shell
50. The insulator 310 is fixed to the metal shell 50 so that
the distance A is longer than the distance B.
[0062] Further, a ridge line 59 (see Fig. 2) formed by
the tip face 57 and the inner circumferential surface 58
of the metal shell 50 may be subjected to chamfering.
For example, in the spark plug 400 shown in Fig. 12, a
chamfered portion 459 is formed between a tip face 457
and an inner circumferential surface 458 of a metal shell
450. As mentioned above, the electric field strength tends
to be high around such sharp edges and a spark dis-
charge is prone to occur there. Therefore, the probability
of occurrence of a lateral spark can be reduced by cham-
fering the ridge line formed by the tip face 457 and the
inner circumferential surface 458 to thereby eliminate the
sharp edge. In this case, even if a welding burr is pro-
duced in the chamfered portion 459 in resistance-welding
the ground electrode 30 to the metal shell 450, it is located
outside the inner circumferential surface 458 of the metal
shell 450 and does not project inward from the inner cir-
cumferential surface 458.
[0063] The spark plug 400 of Fig. 12 is such that the
chamfered portion 459 is formed by C chamfering. The
same advantage can be obtained by performing R cham-
fering on a ridge line formed by a tip face 467 and an
inner circumferential surface 468 of a metal shell 460 to
produce a chamfered portion 469 of a spark plug 410
shown in Fig. 13 or by performing tapered chamfering
(not shown). The term "tapered chamfering" means that
the corner defined by two planes is chamfered so that
the angles between the chamfer plane and the two planes
defining the corner are not limited to 45° respectively (for
example, angles of 30° and 60° are allowed). This is in
contrast to the C chamfering where the angles between
the chamfer plane and the two planes defining the corner
each are about 45°. For the purpose of preventing electric
field concentration around the ridge line 59 (see Fig. 2)

formed by the tip face 57 and the inner circumferential
surface 58 of the metal shell 50, the chamfered portion
459 shown in Fig. 12 produced by C chamfering is pref-
erably C0.1 or larger in size, and the chamfered portion
469 shown in Fig. 13 produced by R chamfering is pref-
erably R0.1 or larger in size.
[0064] Where chamfering is performed, it is not nec-
essary to make the center-electrode-20-side surface of
the ground electrode 30 flush with the inner circumfer-
ential surface 458 or 468 of the metal shell 450 or 460 in
the sectional views of Fig. 11 or 12. That is, the ridge line
formed by the end face of the base portion 32 of the
ground electrode 30 and the center-electrode-20-side
surface of the ground electrode 30 may face the cham-
fered portion 459 or 469 as shown in Fig. 12 or 13. How-
ever, if the spark plug 400 or 410 is constructed so that
the ridge line faces the post-chamfering tip face 457 or
467 rather than the chamfered portion 459 or 469, the
electric field concentration around the ridge line can be
prevented.
[0065] The cross section of the insulator 10 taken per-
pendicularly to the axial line O need not be a perfect
circle. For example, in the spark plug 500 shown in Fig.
14, a tip portion of an insulator 510 has a thin portion 519
which is located on the side of the ground electrode 30.
With the thus-configured insulator 510, the insulator 510
and the metal shell 50 can be assembled so that the axial
line O of the insulator 510 coincides with the axial line P
of the metal shell 50. Now, let E represent the distance
between the inner circle L of the tip face 57 of the metal
shell 50 and the thin portion 519 of the insulator 510 on
the line Y-Y passing through the center Q of the ground
electrode 30 and the axial line P of the metal shell 50 in
the X-X plane including the tip face 57 of the metal shell
50. The spark plug 500 may be constructed so that the
distance E is longer than the distance B as mentioned in
the embodiment. However, with such an insulator 510,
the durability or the insulation performance may lower
due to the thin portion, etc. Therefore, as in the embod-
iment, the axial line of the insulator is arranged so as to
deviate from that of the metal shell.
[0066] The invention can be applied to spark plugs for
internal combustion engines.
[0067] It should further be apparent to those skilled in
the art that various changes in form and detail of the
invention as shown and described above may be made.
It is intended that such changes be included within the
scope of the claims appended hereto.

Claims

1. A spark plug (100) comprising: a center electrode
(20); an insulator (10) having an axial hole (12) ex-
tending in an axial direction of the center electrode
(20) and holding the center electrode (20) in the axial
hole (12); a cylindrical metal shell (50) surrounding
the insulator (10), and a ground electrode (30) having
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first and second end portions, an end face (35) of
one end portion (32) being joined to a tip face (57)
of the metal shell (50) and the other end portion (31)
being opposed to the center electrode (20),
characterised in that an axial line (P) of the metal
shell (50) and an axial line (O) of the insulator (10)
deviate from one another so that a relationship A >
B is satisfied for distances A and B which are defined
on a line connecting the center of an inner circle of
the tip face (57) of the metal shell (50) and the center
of the end face (35) of the one end portion (32) of
the ground electrode (30), where:

the distance A is defined as a distance on the
side of the ground electrode (30) between the
inner circle of the tip face (57) of the metal shell
(50) and an intersection line of an outer circum-
ferential surface (14) of the insulator (10) and a
plane including the tip face (57) of the metal shell
(50) or a projection, onto the plane, of an inter-
section line of an extended surface of the outer
circumferential surface (14) of the insulator (10)
and a plane including a tip face (311) of the in-
sulator (10); and
the distance B is defined as a distance on a side
opposite the ground electrode (30) between the
inner circle of the tip face (57) of the metal shell
(50) and the intersection line of the outer circum-
ferential surface (14) of the insulator (10) and
the plane including the tip face (57) of the metal
shell (50) or the projection, onto the plane, of
the intersection line of the extended surface of
the outer circumferential surface (14) of the in-
sulator (10) and the plane including the tip face
(311) of the insulator (10).
wherein:
the metal shell (50) has, as an outer circumfer-
ential portion, a screw portion (52) having a nom-
inal diameter which is smaller than or equal to
that of M12; and
the axial line (P) of the metal shell (50) and the
axial line (O) of the insulator (10) deviate from
one another so that a relationship 0.1 mm ≤ A -
B ≤ 0.3 mm is satisfied.

2. The spark plug (100) as claimed in claim 1, wherein
a distance between the inner circle of the tip face
(57) of the metal shell (50) and the intersection line
of the outer circumferential surface (14) of the insu-
lator (10) and the plane including the tip face (57) of
the metal shell (50) or the projection, onto the plane,
of the intersection line of the extended surface of the
outer circumferential surface (14) of the insulator
(10) and the plane including the tip face (311) of the
insulator (10) is shorter than or equal to 1.5 mm, and
the axial line (P) of the metal shell (50) and the axial
line (O) of the insulator (10) deviate from one another
so that a relationship 0.1 mm ≤ A - B ≤ 0.3 mm is

satisfied.

3. The spark plug (100) as claimed in any one of claims
1 to 2, comprising a C-chamfered portion (459) of
C0.1 or larger or an R-chamfered portion (469) of
R0.1 or larger formed at a ridge line (59) defined by
the tip face (57) and an inner circumferential surface
(58) of the metal shell (50).

4. The spark plug (100) as claimed in any one of claims
1 to 3, wherein the ground electrode (30) is joined
to the tip face (57) of the metal shell (50) by welding
and a length of projection, toward the center of the
inner circle of the tip face (57) of the metal shell (50),
of a welding projection (85) formed by the welding
so as to bridge the ground electrode (30) and the
metal shell (50) is made shorter than or equal to 0.1
mm.

5. The spark plug (100) as claimed in any one of claims
1 to 4, wherein an intersection point of the axial line
(O) of the insulator (10) and the plane including the
tip face (57) of the metal shell (50) is located in an
acute-angled sector (U) located on the side opposite
the ground electrode (30) of acute-angled sectors
which are defined by parts of the inner circle of the
tip face (57) of the metal shell (50) and two straight
lines passing through two respective inside corners
of the end face (35) of the one end portion (32) of
the ground electrode (30) and the center of the inner
circle of the tip face (57) of the metal shell (50).

6. A spark plug (100) comprising: a center electrode
(20); an insulator (10) having an axial hole (12) ex-
tending in an axial direction of the center electrode
(20) and holding the center electrode (20) in the axial
hole (12); a cylindrical metal shell (50) surrounding
the insulator (10); and a ground electrode (30) having
first and second end portions, an end face (35) of
one end portion (32) being joined to a tip face (57)
of the metal shell (50) and the other end portion (31)
being opposed to the center electrode (20),
characterised in that
an axial line (O) of the insulator (10) deviates from
an axial line (P) of the metal shell (50) to a side op-
posite of the one end portion (32) of the ground elec-
trode (30)
wherein:

the metal shell (50) has, as an outer circumfer-
ential portion, a screw portion (52) having a nom-
inal diameter which is smaller than or equal to
that of M12; and
the axial line (P) of the metal shell (50) and the
axial line (O) of the insulator (10) deviate from
one another so that a relationship 0.1 mm ≤ A -
B ≤ 0.3 mm is satisfied.
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7. The spark plug as claimed in claim 6, wherein a dis-
tance between the axial line (O) of the insulator (10)
and the axial line (P) of the metal shell (50) is from
0.05 mm to 0.15 mm on a plane including the tip face
(57) of the metal shell (50).

Patentansprüche

1. Zündkerze (100) umfassend eine Mittelelektrode
(20); einen Isolator (10) mit einem Axialloch (12),
das sich in einer axialen Richtung der Mittelelektrode
(20) erstreckt und die Mittelelektrode (20) in dem Axi-
alloch (12) hält; eine den Isolator (10) umgebende
zylindrische Metallhülse (50), und eine Masseelek-
trode (30) mit ersten und zweiten Endabschnitten,
wobei eine Endfläche (35) von einem Endabschnitt
(32) an einer Frontfläche (57) der Metallhülse (50)
angefügt ist und der andere Endabschnitt (31) der
Mittelelektrode (20) gegenüberliegt,
dadurch gekennzeichnet, dass
eine axiale Linie (P) der Metallhülse (50) und eine
axiale Linie (O) des Isolators (10) voneinander ab-
weichen, so dass eine Beziehung A > B für Abstände
A und B erfüllt ist, welche entlang einer die Mitte
eines Innenkreises der Frontfläche (57) der Metall-
hülse (50) und die Mitte der Endfläche (35) des einen
Endabschnitts (32) der Masseelektrode (30) verbin-
denden Linie definiert sind, wobei:

der Abstand A definiert ist als ein Abstand auf
der Seite der Masseelektrode (30) zwischen
dem Innenkreis der Frontfläche (57) der Metall-
hülle (50) und einer Schnittlinie einer äußeren
Umfangsoberfläche (14) des Isolators (10) und
einer die Frontfläche (57) der Metallhülse (50)
umfassenden Ebene oder einer Projektion, auf
die Ebene, einer Schnittlinie einer erweiterten
Oberfläche der äußeren Umfangsoberfläche
(14) des isolators (10) und einer eine Frontfläche
(311) des Isolators (10) umfassenden Ebene;
und
der Abstand B definiert ist als ein Abstand auf
einer Seite gegenüber der Masseelektrode (30)
zwischen dem Innenkreis der Frontfläche (57)
der Metallhülse (50) und der Schnittlinie der äu-
ßeren Umfangsoberfläche (14) des Isolators
(10) und der die Frontfläche (57) der Metallhülse
(50) umfassenden Ebene oder der Projektion,
auf die Ebene, der Schnittlinie der erweiterten
Oberfläche der äußeren Umfangsoberfläche
(14) des Isolators (10) und der die Frontfläche
(311) des Isolators (10) umfassenden Ebene,
wobei:
die Metallhülle (50), als einen äußeren Um-
fangsabschnitt, einen Gewindeabschnitt (52)
hat, der einen Nominaldurchmesser aufweist,
der kleiner als oder gleich dem eines M12 ist;

die axiale Linie (P) der Metallhülse (50) und die
axiale Linie (O) des Isolators (10) voneinander
abweichen, so dass eine Beziehung 0.1 mm ≤
A - B ≤ 0.3 mm erfüllt ist.

2. Zündkerze (100) nach Anspruch 1, wobei ein Ab-
stand zwischen dem Innenkreis der Frontfläche (57)
der Metallhülse (50) und der Schnittlinie von äußerer
Umfangsoberfläche (14) des Isolators (10) und der
Ebene, welche die Frontfläche (57) der Metallhülse
(50) umfasst, oder der Projektion, auf die Ebene, der
Schnittlinie der erweiterten Oberfläche der äußeren
Umfangsoberfläche (14) des Isolators (10) und der
die Frontfläche (311) des Isolators (10) umfassen-
den Ebene kürzer als oder gleich 1.5 mm ist, und
die axiale Linie (P) der Metallhülse (50) und die axiale
Linie (O) des Isolators (10) voneinander abweichen,
so dass eine Beziehung 0.1 mm ≤ A - B ≤ 0.3 mm
erfüllt ist.

3. Zündkerze (100) nach einem der Ansprüche 1 bis 2,
aufweisend einen C-abgeschrägten Abschnitt (459)
von C0.1 oder größer oder einen R-abgeschrägten
Abschnitt (469) von R0.1 oder größer, der an einer
von der Frontfläche (57) und einer inneren Umfangs-
oberfläche (58) der Metallhülse (50) definierten Kan-
tenlinie (59) geformt ist.

4. Zündkerze (100) nach einem der Ansprüche 1 bis 3,
wobei die Masseelektrode (30) an der Frontfläche
(57) der Metallhülse (50) durch Schweißen angefügt
ist und eine Länge eines Ansatzes, in Richtung zur
Mitte des Innenkreises der Frontfläche (57) der Me-
tallhülse (50), eines durch Schweißen geformten
Schweißansatzes (85), um so die Masseelektrode
(30) und die Metallhülse (50) zu überbrücken oder
zu verbinden, kürzer als oder gleich 0.1 mm ist.

5. Zündkerze (100) nach einem der Ansprüche 1 bis 4,
wobei ein Schnittpunkt der axialen Linie (O) des Iso-
lators (10) und der die Frontfläche (57) der Metall-
hülse (50) umfassenden Ebene in einem auf der Sei-
te gegenüber der Masseelektrode (30) angeordne-
ten spitzwinkligen Sektor (U) von spitzwinkligen Sek-
toren angeordnet ist, welche durch Teile des Innen-
kreises der Frontfläche (57) der Metallhülse (50) und
zweier gerader Linien, die durch zwei jeweilige in-
neren Ecken der Endfläche (35) des einen Endab-
schnitts (32) der Masseelektrode (30) und der Mitte
des Innenkreises der Frontfläche (57) der Metallhül-
se (50) hindurchgehen, definiert sind.

6. Zündkerze (100) umfassend: eine Mittelelektrode
(20); einen Isolator (10) mit einem Axialloch (12),
das sich in einer Axialrichtung der Mittelektrode (20)
erstreckt und die Mittelelektrode (20) in dem Axial-
loch (12) hält; eine den Isolator (10) umgebende zy-
lindrische Metallhülse (50); und eine Masseelektro-
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de (30) mit ersten und zweiten Endabschnitten, wo-
bei eine Endfläche (35) von einem Endabschnitt (32)
an eine Frontfläche (57) der Metallhülse (50) ange-
fügt ist und der andere Endabschnitt (31) der Mittel-
elektrode (20) gegenüberliegt,
dadurch gekennzeichnet das, eine axiale Linie (O)
des Isolators (10) von einer axialen Linie (P) der Me-
tallhülse (50) zu einer Seite gegenüber dem einen
Endabschnitt (32) der Masseelektrode (30) ab-
weicht, wobei:

die Metallhülse (50), als einen äußeren Um-
fangsabschnitt, einen Gewindeabschnitt (52)
hat, der einen Nominaldurchmesser hat, der
kleiner als oder gleich dem eines M 12 ist; und
die axiale Linie (P) der Metallhülse (50) und die
axiale Linie (O) des Isolators (10) voneinander
abweichen, so dass eine Beziehung 0.1 mm ≤
A - B ≤ 0.3 mm erfüllt ist.

7. Zündkerze nach Anspruch 6, wobei ein Abstand zwi-
schen der axialen Linie (O) des Isolators (10) und
der axialen Linie (P) der Metallhülse (50) von 0.05
mm bis 0.15 mm auf einer die Frontfläche (57) der
Metallhülse (50) umfassenden Ebene ist.

Revendications

1. Bougie d’allumage (100) comprenant : une électro-
de centrale (20) ; un isolant (10) ayant un trou axial
(12) s’étendant dans une direction axiale de l’élec-
trode centrale (20) et maintenant l’électrode centrale
(20) dans le trou axial (12) ; une coque métallique
cylindrique (50) entourant l’isolant (10) et une élec-
trode de masse (30) ayant des première et deuxième
parties d’extrémité, une face d’extrémité (35) de la
une partie d’extrémité (32) étant assemblée à une
face de pointe (57) de la coque métallique (50) et
l’autre partie d’extrémité (31) étant opposée à l’élec-
trode centrale (20),
caractérisée en ce qu’une ligne axiale (P) de la
coque métallique (50) et une ligne axiale (O) de l’iso-
lant (10) dévient l’une de l’autre de sorte qu’une re-
lation A > B est satisfaite pour les distances A et B
qui sont définies sur une ligne raccordant le centre
d’un cercle interne de la face de pointe (57) de la
coque métallique (50) et le centre de la face d’extré-
mité (35) de la première partie d’extrémité (32) de
l’électrode de masse (30), où :

la distance A est définie comme étant une dis-
tance sur le côté de l’électrode de masse (30)
entre le cercle interne de la face de pointe (57)
de la coque métallique (50) et une ligne d’inter-
section d’une surface circonférentielle externe
(14) de l’isolant (10) et un plan comprenant la
face de pointe (57) de la coque métallique (50)

ou une saillie, sur le plan, d’une ligne d’intersec-
tion d’une surface étendue de la surface circon-
férentielle externe (14) de l’isolant (10) et un plan
comprenant la face de pointe (311) de l’isolant
(10) ; et
la distance B est définie comme étant une dis-
tance sur un côté opposé à l’électrode de masse
(30) entre le cercle interne de la face de pointe
(57) de la coque métallique (50) et la ligne d’in-
tersection de la surface circonférentielle externe
(14) de l’isolant (10) et le plan comprenant la
face de pointe (57) de la coque métallique (50)
ou la saillie, sur le plan, de la ligne d’intersection
de la surface étendue de la surface circonféren-
tielle (14) de l’isolant (10) et le plan comprenant
la face de pointe (311) de l’isolant (10), dans
laquelle :
la coque métallique (50) a, en tant que partie
circonférentielle externe, une partie de vis (52)
ayant un diamètre nominal qui est inférieur ou
égal à celui de M12 ; et
la ligne axiale (P) de la coque métallique (50) et
la ligne axiale (O) de l’isolant (10) dévient l’une
de l’autre de sorte qu’une relation 0,1 mm ≤ A -
B ≤ 0,3 mm est satisfaite.

2. Bougie d’allumage (100) selon la revendication 1,
dans laquelle une distance entre le cercle interne de
la face de pointe (57) de la coque métallique (50) et
la ligne d’intersection de la surface circonférentielle
externe (14) de l’isolant (10) et le plan comprenant
la face de pointe (57) de la coque métallique (50) ou
la saillie, sur le plan, de la ligne d’intersection de la
surface étendue de la surface circonférentielle ex-
terne (14) de l’isolant (10) et le plan comprenant la
face de pointe (311) de l’isolant (10) est inférieure
ou égale à 1,5 mm, et
la ligne axiale (P) de la coque métallique (50) et la
ligne axiale (O) de l’isolant (10) dévient l’une de
l’autre de sorte qu’une relation 0,1 mm ≤ A - B ≤ 0,3
mm est satisfaite.

3. Bougie d’allumage (100) selon l’une quelconque des
revendications 1 à 2, comprenant une partie chan-
freinée en forme de C (459) de C0.1 ou supérieure
ou une partie chanfreinée en forme de R (469) de
R0.1 ou supérieure, formée
au niveau d’une ligne de crête (59) définie par la face
de pointe (57) et une surface circonférentielle interne
(58) de la coque métallique (50).

4. Bougie d’allumage (100) selon l’une quelconque des
revendications 1 à 3, dans laquelle l’électrode de
masse (30) est assemblée à la face de pointe (57)
de la coque métallique (50) par soudage et une lon-
gueur de saillie, vers le centre du cercle interne de
la face de pointe (57) de la coque métallique (50),
d’une saillie de soudage (85) formée par le soudage
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afin de relier l’électrode de masse (30) et la coque
métallique (50) est inférieure ou égale à 0,1 mm.

5. Bougie d’allumage (100) selon l’une quelconque des
revendications 1 à 4, dans laquelle un point d’inter-
section de la ligne axiale (O) de l’isolant (10) et le
plan comprenant la face de pointe (57) de la coque
métallique (50) est positionné dans un secteur d’an-
gle aigu (U) positionné sur le côté opposé de l’élec-
trode de masse (30) des secteurs en angle aigu qui
sont définis par les parties du cercle interne de la
face de pointe (57) de la coque métallique (50) et
deux lignes droites passant par deux coins internes
respectifs de la face d’extrémité (35) de la première
partie d’extrémité (32) de l’électrode de masse (30)
et le centre du cercle interne de la face de pointe
(57) de la coque métallique (50).

6. Bougie d’allumage (100) comprenant une électrode
centrale (20) ; un isolant (10) ayant un trou axial (12)
s’étendant dans une direction axiale de l’électrode
centrale (20) et maintenant l’électrode centrale (20)
dans le trou axial (12) ; une coque métallique cylin-
drique (50) entourant l’isolant (10) ; et une électrode
de masse (30) ayant des première et deuxième par-
ties d’extrémité, une face d’extrémité (35) de la pre-
mière partie d’extrémité (32) étant assemblée à une
face de pointe (57) de la coque métallique (50) et
l’autre partie d’extrémité (31) étant opposée à l’élec-
trode centrale (20),
caractérisée en ce que la ligne axiale (O) de l’iso-
lant (10) dévie d’une ligne axiale (P) de la coque
métallique (50) jusqu’à un côté opposé à la première
partie d’extrémité (32) de l’électrode de masse (30),
dans laquelle :

la coque métallique (50) a, en tant que partie
circonférentielle externe, une partie de vis (52)
ayant un diamètre nominal qui est inférieur ou
égal à celui de M12 ; et
la ligne axiale (P) de la coque métallique (50) et
la ligne axiale (O) de l’isolant (10) dévient l’une
de l’autre de sorte qu’une relation 0,1 mm ≤ A -
B ≤ 0,3 mm est satisfaite.

7. Bougie d’allumage selon la revendication 6, dans
laquelle une distance entre la ligne axiale (O) de l’iso-
lant (10) et la ligne axiale (P) de la coque métallique
(50) est de l’ordre de 0,05 mm à 0,15 mm sur un plan
comprenant la face de pointe (57) de la coque mé-
tallique (50).
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