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(54) METHOD FOR MANUFACTURING SPARK PLUG AND DEVICE FOR MANUFACTURING SPARK 
PLUG

(57) Even after a metallic shell and an insulator are
assembled together, a ground electrode can be bent at
a position closer to the proximal end thereof, and a spark
discharge gap can be formed accurately. A bending ap-
paratus 51 used in a process of manufacturing a spark
plug includes a pre-bending apparatus 61, a main bend-
ing apparatus 71, and a gap adjustment apparatus 81.
The pre-bending apparatus 61 includes first deformation
prevention means which has a curved surface portion
corresponding to a bent shape of the ground electrode
and prevents deformation of the ground electrode, and
a roller which presses the ground electrode against the
curved surface portion to thereby perform pre-bending
work on the ground electrode. The main bending appa-
ratus 71 includes second deformation prevention means
for preventing deformation of the ground electrode, and
pressing means for performing main bending work on
the ground electrode. The gap adjustment apparatus 81
includes gap adjustment means for relatively moving a
distal end portion of the ground electrode in relation to
the center electrode along a direction perpendicular to
an axis.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a technique for
manufacturing a spark plug used for an internal combus-
tion engine, and more particularly to a method and ap-
paratus for manufacturing a spark plug characterized by
bending work performed on the ground electrode of the
spark plug.

BACKGROUND ART

[0002] A spark plug used for an internal combustion
engine such as an automotive engine includes, for ex-
ample, a center electrode extending in an axial direction,
an insulator which surrounds the center electrode, a tu-
bular metallic shell fitted onto the insulator, and a ground
electrode having a proximal end portion joined to a front
end portion of the metallic shell. The ground electrode is
bent and disposed such that a distal end portion of the
ground electrode faces a front end portion of the center
electrode, whereby a spark discharge gap is formed be-
tween the front end portion of the center electrode and
the distal end portion of the ground electrode. In general,
the spark discharge gap is formed as follows. A metallic
shell, to which a ground electrode having a straight-bar-
like shape has been joined, and an insulator having a
center electrode provided therein are assembled togeth-
er. Subsequently, the straight-bar-like ground electrode
is bent toward the center electrode.
[0003] In a known method for bending the ground elec-
trode toward the center electrode, a bending spacer is
disposed to face a front end surface of the center elec-
trode. In this state, by use of a bending punch having an
inclined surface for butting against the ground electrode,
the ground electrode is pressed against the bending
spacer, to thereby perform pre-bending. Subsequently,
the bending spacer is removed, and the ground electrode
is bent, by use of a bending punch having a flat butting
surface, to a position where a spark discharge gap of a
predetermined size is formed (see, for example, Patent
Document 1).

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0004] Patent Document 1: Japanese Patent No.
3389121

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005]  Incidentally, in recent years, in order to improve
durability, etc., there have been proposed a so-called
lateral-spark-type spark plug in which a distal end portion

of a ground electrode is disposed to face a side surface
of a center electrode so that spark discharge occurs along
a direction approximately perpendicular to the axis, and
a so-called inclined-discharge-type spark plug in which
a distal end portion of a ground electrode is disposed to
face a front end edge portion of a center electrode so
that spark discharge occurs obliquely in relation to the
axial direction.
[0006] In the lateral-discharge-type or inclined-dis-
charge-type spark plug, the ground electrode must be
bent at a position closer to the proximal end side (the
side toward the metallic shell). However, when the
above-described technique is used, a limit arises on mov-
ing the bending spacer closer to the proximal end side
due to the presence of the center electrode, and there-
fore, the technique encounters difficulty in bending of the
ground electrode at a position closer to the proximal end
side. In order to avoid such difficulty, there can be em-
ployed a method in which the ground electrode is bent
in advance before assembly of the metallic shell and the
insulator, and then the metallic shell and the insulator are
assembled together. However, in this case, since the
ground electrode is not bent upon grasp of the actual
position of a front end portion of the center electrode, the
size of the spark discharge gap may vary with a variation
in the position of the front end portion of the center elec-
trode, which variation may arise depending on the state
of assembly of the metallic shell and the insulator.
[0007] Notably, the above-described problem occurs
not only in lateral-discharge-type and inclined-discharge-
type spark plugs, but also in longitudinal-discharge-type
spark plugs in which spark discharge occurs along the
axial direction.
[0008] The present invention has been accomplished
in view of the foregoing, and its object is to provide a
method and apparatus for manufacturing a spark plug
which can bend a ground electrode at a position closer
to the proximal end thereof even after a metallic shell and
an insulator are assembled together.

MEANS FOR SOLVING THE PROBLEMS

[0009] Hereinbelow, configurations suitable for
achieving the above-described objects will be described
in an itemized fashion. Notably, when necessary, action
and effects peculiar to each configuration will be added.
[0010] Configuration 1. A spark plug manufacturing
method according to the present configuration is a meth-
od for manufacturing a spark plug including:

a rod-like center electrode extending in the direction
of an axis;
an approximately cylindrical tubular insulator having
an axial hole extending in the direction of the axis,
the center electrode being provided at a front end
portion of the axial hole;
an approximately cylindrical tubular metallic shell
surrounding the insulator; and
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a ground electrode whose proximal end portion is
joined to the metallic shell, and which is bent at an
intermediate portion thereof so as to form a spark
discharge gap between a distal end portion of the
ground electrode and a front end portion of the center
electrode,
the method comprising a bending process of bending
the ground electrode toward the axis in a state in
which the metallic shell with the ground electrode
joined thereto and the insulator in which the center
electrode is provided are assembled together,
wherein
the bending process includes a bending step per-
formed such that
curved surface forming means having a curved sur-
face portion corresponding to a bent shape of the
ground electrode is disposed between a side portion
of the center electrode and the proximal end portion
of the ground electrode,
the ground electrode is supported by deformation
prevention means so as to prevent at least one of
deformation of the proximal end portion of the ground
electrode toward the center electrode and deforma-
tion of the proximal end portion toward a side oppo-
site the center electrode,
the ground electrode is pressed against the curved
surface portion from the side opposite the center
electrode by use of bending means, whereby bend-
ing work is performed on the ground electrode.

[0011] Notably, a noble metal tip formed of a noble
metal alloy may be joined to the front end portion of the
center electrode and the distal end portion of the ground
electrode. In this case, the noble metal tips partially con-
stitute the center electrode and the ground electrode, re-
spectively.
[0012] Configuration 2. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in the above-mentioned configuration 1,
the bending means is a roller which is configured to be
movable in relation to the ground electrode along a di-
rection approximately perpendicular to the axis and
which is supported for free rotation, and an outer circum-
ferential surface of the roller is pressed against a side
surface of the ground electrode opposite the center elec-
trode so as to perform the bending work on the ground
electrode.
[0013] Configuration 3. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in the above-mentioned configuration 1 or
2, the deformation prevention means includes inward de-
formation prevention means which is disposed between
a side portion of the center electrode and the proximal
end portion of the ground electrode so as to support a
side portion of the proximal end portion of the ground
electrode located on the side toward the center electrode,
to thereby prevent deformation of the ground electrode
toward the center electrode.

[0014] Configuration 4. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in the above-mentioned configuration 3,
the deformation prevention means is configured such
that the curved surface forming means and the inward
deformation prevention means are united together.
[0015] Configuration 5. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in the above-mentioned configuration 3 or
4, the deformation prevention means further includes out-
ward deformation prevention means which is disposed
on a side of the ground electrode opposite the center
electrode so as to support a side portion of the proximal
end portion of the ground electrode opposite the center
electrode, to thereby prevent deformation of the ground
electrode toward a side opposite the center electrode.
[0016] Configuration 6. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in the above-mentioned configuration 5,
the inward deformation prevention means and the out-
ward deformation prevention means are disposed to face
each other via the proximal end portion of the ground
electrode.
[0017] Configuration 7. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in the above-mentioned configuration 5 or
6, the spacing between the inward deformation preven-
tion means and the outward deformation prevention
means can be changed.
[0018] Configuration 8. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in any of the above-mentioned configura-
tions 1 to 7, the curved surface forming means is dis-
posed such that the center of curvature of the curved
surface portion is located on the proximal end side of a
plane including a front end surface of the center electrode
with respect to the direction of the axis.
[0019] Configuration 9. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in any of the above-mentioned configura-
tions 1 to 8, the bending process includes a gap adjust-
ment step performed after the bending step so as to ad-
just a size of the spark discharge gap along a direction
perpendicular to the axis by use of gap adjustment means
capable of moving the distal end portion of the ground
electrode in relation to the center electrode along a di-
rection approximately perpendicular to the axis.
[0020] Configuration 10. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in the above-mentioned configuration 9,
the gap adjustment means includes gap enlargement
means which is disposed between a side portion of the
center electrode and the proximal end portion of the
ground electrode so as to relatively move the distal end
portion of the ground electrode in a direction away from
the center electrode, to thereby expand a size of the spark
discharge gap along a direction perpendicular to the axis,
wherein the gap enlargement means is disposed on a
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front end side of a plane including a front end surface of
the insulator with respect to the direction of the axis.
[0021] Configuration 11. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in the above-mentioned configuration 9 or
10, in the gap adjustment step, restriction means is used
to restrict at least relative movement of the distal end
portion of the ground electrode in relation to the center
electrode toward the front end side with respect to the
direction of the axis.
[0022]  Configuration 12. A spark plug manufacturing
method according to the present configuration is charac-
terized in that, in any of the above-mentioned configura-
tions 1 to 11, the spark plug is configured such that a
shortest distance between the center electrode and the
ground electrode is formed between a front end edge
portion or side surface portion of the center electrode and
the distal end portion of the ground electrode.
[0023] Configuration 13. A spark plug manufacturing
apparatus according to the present configuration is a
manufacturing apparatus used for manufacture of a
spark plug including:

a rod-like center electrode extending in the direction
of an axis;
an approximately cylindrical tubular insulator having
an axial hole extending in the direction of the axis,
the center electrode being provided at a front end
portion of the axial hole;
an approximately cylindrical tubular metallic shell
surrounding the insulator; and
a ground electrode whose proximal end portion is
joined to the metallic shell, and which is bent at an
intermediate portion thereof so as to form a spark
discharge gap between a distal end portion of the
ground electrode and a front end portion of the center
electrode,
the apparatus comprising a bending apparatus for
bending a straight-bar-shaped ground electrode to-
ward the axis in a state in which the metallic shell
with the straight-bar-shaped ground electrode joined
thereto and the insulator in which the center elec-
trode is provided are assembled together, wherein
the bending apparatus comprises:
curved surface forming means which has a curved
surface portion corresponding to a bent shape of the
ground electrode and is disposed between a side
portion of the center electrode and the proximal end
portion of the ground electrode;
first deformation prevention means for preventing at
least one of deformation of the proximal end portion
of the ground electrode toward the center electrode
and deformation of the proximal end portion toward
a side opposite the center electrode; and
bending means for pressing the ground electrode
against the curved surface portion of the curved sur-
face forming means from a side opposite the center
electrode.

[0024] Configuration 14. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in the above-mentioned configuration
13, the bending means is a roller which is supported for
free rotation and which can move toward and away from
the ground electrode along a direction approximately per-
pendicular to the axis.
[0025] Configuration 15. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in the above-mentioned configuration
13 or 14, the deformation prevention means includes in-
ward deformation prevention means which is disposed
between a side portion of the center electrode and the
proximal end portion of the ground electrode so as to
support a side portion of the proximal end portion of the
ground electrode located on the side toward the center
electrode, to thereby prevent deformation of the ground
electrode toward the center electrode.
[0026] Configuration 16. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in the above-mentioned configuration
15, the deformation prevention means is configured such
that the curved surface forming means and the inward
deformation prevention means are united together.
[0027] Configuration 17. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in the above-mentioned configuration
15 or 16, the deformation prevention means further in-
cludes outward deformation prevention means which is
disposed on a side of the ground electrode opposite the
center electrode so as to support a side portion of the
proximal end portion of the ground electrode opposite
the center electrode, to thereby prevent deformation of
the ground electrode toward a side opposite the center
electrode.
[0028] Configuration 18. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in the above-mentioned configuration
17, the inward deformation prevention means and the
outward deformation prevention means are disposed to
face each other via the proximal end portion of the ground
electrode.
[0029] Configuration 19. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in the above-mentioned configuration
17 or 18, the spacing between the inward deformation
prevention means and the outward deformation preven-
tion means can be changed.
[0030] Configuration 20. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in any of the above-mentioned config-
urations 13 to 19, the curved surface forming means is
disposed such that the center of curvature of the curved
surface portion is located on the proximal end side of a
plane including a front end surface of the center electrode
with respect to the direction of the axis.
[0031] Configuration 21. A spark plug manufacturing
apparatus according to the present configuration is char-
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acterized in that, in any of the above-mentioned config-
urations 13 to 20, the bending apparatus further compris-
es gap adjustment means capable of moving the distal
end portion of the ground electrode in relation to the cent-
er electrode along a direction approximately perpendic-
ular to the axis, wherein the gap adjustment means ad-
justs a size of the spark discharge gap along a direction
perpendicular to the axis.
[0032] Configuration 22. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in the above-mentioned configuration
21, the gap adjustment means includes gap enlargement
means which is disposed between a side portion of the
center electrode and the proximal end portion of the
ground electrode so as to relatively move the distal end
portion of the ground electrode in a direction away from
the center electrode, to thereby expand a size of the spark
discharge gap along a direction perpendicular to the axis,
wherein the gap enlargement means is disposed on a
front end side of a plane including a front end surface of
the insulator with respect to the direction of the axis.
[0033] Configuration 23. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in the above-mentioned configuration
21 or 22, the gap adjustment means comprises restriction
means for restricting at least relative movement of the
distal end portion of the ground electrode in relation to
the center electrode toward the front end side with re-
spect to the direction of the axis.
[0034] Configuration 24. A spark plug manufacturing
apparatus according to the present configuration is char-
acterized in that, in any of the above-mentioned config-
urations 13 to 23, the spark plug is configured such that
a shortest distance between the center electrode and the
ground electrode is formed between a front end edge
portion or side surface portion of the center electrode and
the distal end portion of the ground electrode.

EFFECTS OF THE INVENTION

[0035] According to the above-mentioned configura-
tion 1, in the bending step, the curved surface forming
means is disposed between the proximal end portion of
the ground electrode and a side portion of the center
electrode. That is, the curved surface portion, which
serves as a reference for a bending position of the ground
electrode, is disposed at a position closer to the proximal
end of the ground electrode (position closer to the metallic
shell) without being hindered by the center electrode.
Therefore, even in a state in which the metallic shell and
the insulator have been assembled together, the ground
electrode can be bent relatively easily on the side toward
the proximal end portion thereof. Furthermore, support-
ing the ground electrode by the deformation prevention
means prevents leaning of the ground electrode toward
the center electrode and swelling of the ground electrode
toward the direction opposite the center electrode more
reliably.

[0036] As in the above-described conventional tech-
nique, a bending punch or the like having an inclined
surface for butting against the ground electrode can be
used as the bending means for pressing the ground elec-
trode against the curved surface portion. However, in
such a case, since the ground electrode is bent while
rubbing against the bending punch, the ground electrode
may be scratched. In order to prevent formation of
scratches on the ground electrode, there may be em-
ployed a method of obliquely pressing the ground elec-
trode from the front end side with respect to the direction
of the axis, and gradually changing the pressing direction
in accordance with the degree of bending of the ground
electrode. However, when this method is employed, the
apparatus may become complex.
[0037] In contrast, according to the above-mentioned
configuration 2, the bending means is constituted by a
roller which is movable in relation to the ground electrode
along a direction approximately perpendicular to the axis
and which is supported for free rotation. Therefore, the
ground electrode can be pressed against the curved sur-
face portion more reliably without changing the pressing
direction of the ground electrode. Moreover, since the
roller is supported for free rotation, there can be sup-
pressed, to a possible extent, occurrence of a state in
which the ground electrode bends while rubbing against
the roller, whereby formation of scratches on the ground
electrode can be prevented more reliably.
Notably, from the viewpoint of preventing formation of
scratches on the ground electrode more reliably, it is de-
sired to reduce the frictional coefficients of a bearing por-
tion of the roller and a portion of the outer circumferential
surface of the roller which comes into contact with the
ground electrode. Accordingly, a film formed of diamond-
like carbon may be provided on the outer circumferential
surface of the roller and the bearing portion thereof so
as to reduce the frictional coefficients thereof.
[0038] According to the above-mentioned configura-
tion 3, the inward deformation prevention means pre-
vents deformation of the ground electrode toward the
center electrode.
[0039] According to the above-mentioned configura-
tion 4, the curved surface forming means and the inward
deformation prevention means, which are disposed be-
tween the ground electrode and the center electrode, etc.
in the bending step are united. Therefore, the apparatus
can be prevented from becoming complex.
[0040] According to the above-mentioned configura-
tion 5, since the deformation prevention means includes
both the inward deformation prevention means and the
outward deformation prevention means, deformation of
the ground electrode in the bending step can be prevent-
ed more reliably.
[0041] According to the above-mentioned configura-
tion 6, the ground electrode can be supported more re-
liably, whereby deformation of the ground electrode in
the bending step can be prevented more reliably.
[0042] According to the above-mentioned configura-
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tion 7, the method of the present invention can cope with
ground electrodes having different widths, and can pre-
vent deformation of the ground electrode more reliably.
[0043] According to the above-mentioned configura-
tion 8, the curved surface forming means is disposed
such that the center of curvature of the curved surface
portion is located on the proximal end side of a plane
including a front end surface of the center electrode with
respect to the direction of the axis. Accordingly, the
ground electrode can be bent at a position closer to the
proximal end, and, in particular, lateral-discharge-type or
inclined-discharge-type spark plugs can be manufac-
tured relatively easily.
[0044] According to the above-mentioned configura-
tion 9, the size of the gap adjustment means along a
direction perpendicular to the axis can be adjusted by
the gap adjustment means. Therefore, the spark dis-
charge gap can be formed more accurately.
[0045] In general, the space formed between the
ground electrode and the insulator is relatively small.
Therefore, in the case where the gap enlargement means
for relatively moving the ground electrode in a direction
away from the center electrode is disposed in that space,
the gap enlargement means restricts relative movement
of the ground electrode toward the center electrode, and
adjustment of the size of the spark discharge gap may
become relatively difficult.
[0046] In contrast, according to the above-mentioned
configuration 10, the gap enlargement means is disposed
frontward of a plane containing the front end surface of
the insulator with respect to the direction of the axis. That
is, the gap enlargement means is disposed in a relatively
large space between the center electrode and the ground
electrode. Accordingly, the relative movement of the
ground electrode toward the center electrode is not re-
stricted by the gap enlargement means, whereby the size
of the spark discharge gap can be adjusted more easily
and more accurately.
[0047] When the size of the spark discharge gap along
the direction perpendicular to the axis is adjusted in the
gap adjustment step, the relative height of the distal end
portion of the ground electrode in relation to the center
electrode along the direction of the axis, the height having
been adjusted in the bending step; i.e., the size of the
spark discharge gap along the direction of the axis may
deviate.
[0048] By contrast, according to the above-mentioned
configuration 11, the restriction means restricts at least
relative movement of the distal end portion of the ground
electrode in relation to the center electrode toward the
axially front end side. As a result, deviation of the size of
the spark discharge gap along the direction of the axis
can be prevented more reliably, whereby the size of the
spark discharge gap can be adjusted more accurately.
[0049] As described in the above-mentioned configu-
ration 12 it is beneficial to employ the above-mentioned
configuration 1, etc. in a so-called inclined-discharge-
type spark plug in which the shortest distance between

the center electrode and the ground electrode is formed
between a front end edge portion of the center electrode
and the ground electrode, or a so-called lateral-dis-
charge-type spark plug in which the shortest distance
between the center electrode and the ground electrode
is formed between a side surface portion of the center
electrode and the ground electrode.
[0050]  In other words, through employment of the
above-mentioned configuration 1, etc., problems which
may arise during manufacture of lateral-discharge-type
spark plugs or inclined-discharge-type spark plugs; i.e.,
problems associated with bending of the ground elec-
trode at a position closer to the proximal end and adjust-
ment of the size of the spark discharge gap along the
direction perpendicular to the axis, can be solved at a
stroke.
[0051] As described in the above-mentioned configu-
ration 13, the technical idea of the above-mentioned con-
figuration 1 may be realized in the form of a spark plug
manufacturing apparatus. In this case, an action and an
effect basically the same as those of the above-men-
tioned configuration 1 can be attained.
[0052] According to the above-mentioned configura-
tions 14 to 24, actions and effects similar to those of the
above-mentioned configurations 2 to 12 can be attained,
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053]

[FIG. 1] Partially sectioned front view showing the
structure of a spark plug according to the present
embodiment.
[FIG. 2] Partially sectioned enlarged front view show-
ing the structure of a front end portion of the spark
plug.
[FIG. 3] Block diagram showing the structure of a
bending apparatus.
[FIG. 4] Partial enlarged view showing a spark plug
having a ground electrode before being bent.
[FIG. 5] Enlarged schematic view showing a pre-
bending apparatus, etc.
[FIG. 6] Enlarged schematic view showing a main
bending apparatus, etc.
[FIG. 7] (a) is a front schematic view showing the
structure of a gap adjustment apparatus, etc., and
(b) is a side schematic view showing the structure
of the gap adjustment apparatus, etc.

MODE FOR CARRYING OUT THE INVENTION

[0054] An embodiment will now be described with ref-
erence to the drawings. FIG. 1 is a partially sectioned
front view showing a spark plug 1. Notably, in FIG. 1, the
spark plug 1 is depicted in such a manner that the direc-
tion of an axis CL1 of the spark plug 1 coincides with the
vertical direction in FIG. 1. Further, in the following de-
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scription, the lower side of FIG. 1 will be referred to as
the front end side of the spark plug 1, and the upper side
of FIG. 1 will be referred to as the rear end side of the
spark plug 1.
[0055] The spark plug 1 is composed of a tubular ce-
ramic insulator 2 serving as an insulator, a tubular me-
tallic shell 3 which holds the ceramic insulator 2, etc.
[0056] As well known, the ceramic insulator 2 is formed
from alumina or the like through firing. The ceramic in-
sulator 2 includes a rear-end-side trunk portion 10 formed
on the rear end side; a larger diameter portion 11 pro-
jecting radially outward on the front end side of the rear-
end-side trunk portion 10; and an intermediate trunk por-
tion 12 formed on the front end side of the larger diameter
portion 11 and having a diameter smaller than that of the
larger diameter portion 11. The ceramic insulator 2 fur-
ther includes a leg portion 13 formed on the front end
side of the intermediate trunk portion 12 and tapered off
toward the front end side with respect to the direction of
the axis CL1. Of the ceramic insulator 2, the larger diam-
eter portion 11, the intermediate trunk portion 12, and
the greater part of the leg portion 13 are accommodated
within the metallic shell 3. A tapered step portion 14 is
formed at a connection portion between the leg portion
13 and the intermediate trunk portion 12. The ceramic
insulator 2 is engaged with the metallic shell 3 at the step
portion 14.
[0057] Furthermore, the ceramic insulator 2 has an ax-
ial hole 4 which penetrates the ceramic insulator 2 along
the axis CL1. A center electrode 5 is inserted into and
fixed to a front end portion of the axial hole 4. The center
electrode 5 assumes a rod-like shape (cylindrical colum-
nar shape) as a whole. A flat front end portion of the
center electrode 5 projects from the front end of the ce-
ramic insulator 2. The center electrode 5 is composed of
an inner layer 5A formed of copper or a copper alloy, and
an outer layer 5B formed of a nickel alloy whose predom-
inant component is nickel (Ni). Furthermore, a cylindrical
columnar noble metal portion 31 formed of a noble metal
alloy (e.g., an iridium alloy) is provided on the front end
portion of the center electrode 5. More specifically, the
noble metal portion 31 is provided through formation of
a fused portion 41 by means of laser welding or the like
performed along the periphery of the interface between
the outer layer 5B and the noble metal portion 31 (see
FIG. 2, etc.).
[0058] A terminal electrode 6 is fixedly inserted into a
rear end portion of the axial hole 4 such that the terminal
electrode 6 projects from the rear end of the ceramic
insulator 2.
[0059] Furthermore, a cylindrical columnar resistor 7
is disposed in the axial hole 4 between the center elec-
trode 5 and the terminal electrode 6. Opposite ends of
the resistor 7 are electrically connected to the center elec-
trode 5 and the terminal electrode 6, respectively, via
electrically conductive glass seal layers 8 and 9.
[0060] In addition, the metallic shell 3 is formed of metal
such as low carbon steel and has a tubular shape. A

thread portion (external thread portion) 15 for mounting
the spark plug 1 onto an engine head is formed on the
outer circumferential surface thereof. Further, a seat por-
tion 16 is formed on the outer circumferential surface
located on the rear end side of the thread portion 15, and
a ring-shaped gasket 18 is fitted into a thread neck portion
17 at the rear end of the thread portion 15. Moreover, a
tool engagement portion 19 and a crimped portion 20 are
provided at the rear end of the metallic shell 3. The tool
engagement portion 19 has a hexagonal cross section,
and a tool, such as a wrench, is engaged with the tool
engagement portion 19 when the metallic shell 3 is
mounted to the engine head. The crimped portion 20
holds the ceramic insulator 2 at the rear end portion.
[0061] Furthermore, a tapered step portion 21 with
which the ceramic insulator 2 is engaged is provided on
the inner circumferential surface of the metallic shell 3.
The ceramic insulator 2 is inserted into the metallic shell
3 from its rear end side toward the front end side. In a
state in which the step portion 14 of the ceramic insulator
2 is engaged with the step portion 21 of the metallic shell
3, a rear-end-side opening portion of the metallic shell 3
is crimped radially inward; i.e., the above-mentioned
crimped portion 20 is formed, whereby the ceramic insu-
lator 2 is fixed. Notably, an annular plate packing 22 is
interposed between the step portion 14 of the ceramic
insulator 2 and the step portion 21 of the metallic shell
3. Thus, the airtightness of a combustion chamber is se-
cured, whereby an air-fuel mixture which enters the clear-
ance between the inner circumferential surface of the
metallic shell 3 and the leg portion 13 of the ceramic
insulator 2 exposed to the interior of the combustion
chamber is prevented from leaking to the outside.
[0062] Moreover, in order to render the sealing by the
crimping more perfect, on the rear end side of the metallic
shell 3, annular ring members 23 and 24 are interposed
between the metallic shell 3 and the ceramic insulator 2,
and powder of talc 25 is charged into the space between
the ring members 23 and 24. That is, the metallic shell 3
holds the ceramic insulator 2 via the plate packing 22,
the ring members 23 and 24, and the talc 25.
[0063] A ground electrode 27 which is bent at an inter-
mediate portion thereof toward the center electrode 5 is
joined to a front end face of a front end portion 26 of the
metallic shell 3. The ground electrode 27 has a noble
metal tip 32 provided on an inner surface of a distal end
portion thereof, and a front end edge portion of the noble
metal tip 32 faces a front end edge portion of the noble
metal portion 31. That is, the shortest distance between
the center electrode 5 (the noble metal portion 31) and
the ground electrode 27 (the noble metal tip 32) is formed
between the front end edge portion of the noble metal
portion 31 and the front end edge portion of the noble
metal tip 32, whereby a spark discharge gap 33, in which
spark discharge occurs obliquely in relation to the axis
CL1, is formed between the front end portion of the center
electrode 5 and the distal end portion of the ground elec-
trode 27.
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[0064] Notably, in the case of a spark plug of a type in
which the front end surface of the center electrode (the
noble metal portion) faces a side surface of the ground
electrode (for example, see Japanese Patent Application
Laid-Open (kokai) No. 2007-234435), discharge occurs
generally along the axial direction. That is, the size of the
spark discharge gap means a distance between the two
electrodes as measured along the axial direction. In con-
trast, in the case of the spark plug 1 according to the
present embodiment, since spark discharge occurs ob-
liquely as described above, as shown in FIG. 2, the size
of the spark discharge gap 33 is determined by a distance
Gx between the two electrodes 5 and 27 as measured
along a direction perpendicular to the axis CL1, and a
distance Gy between the two electrodes 5 and 27 as
measured along the axis CL1. Therefore, in order to set
the spark discharge gap 33 to a predetermined size, not
only the distance Gy, but also the distance Gx must be
adjusted accurately when the ground electrode 27 is bent
toward the center electrode 5. Next, there will be de-
scribed in detail a bending apparatus 51, which is the
feature of the present invention and can adjust both the
distances Gy and Gx. The bending apparatus 51 is used
in a process of manufacturing the spark plug 1 in order
to bend the ground electrode 27 toward the center elec-
trode 5, and set the size of the spark discharge gap 33
to a predetermined size.
[0065] As shown in FIG. 3, the bending apparatus 51
includes a pre-bending apparatus 61, a main bending
apparatus 71, and a gap adjustment apparatus 81. No-
tably, in the present embodiment, the spark plug 1 is held
by holding means (not shown) such that its front end por-
tion is directed upward and the axis CL1 extends verti-
cally, and is conveyed, by transport means such as a
conveyer (not shown), to the pre-bending apparatus 61,
the main bending apparatus 71, and the gap adjustment
apparatus 81 in this sequence (indicated by arrows in
FIG. 3). Furthermore, each of the apparatuses 61, 71,
and 81 has a positioning apparatus (not shown) for po-
sitioning the ground electrode 27 in a predetermined cir-
cumferential position. The spark plug 1 is disposed on
each of the apparatuses 61, 71, and 81 in a state in which
the ground electrode 27 is positioned in the predeter-
mined circumferential position by the positioning appa-
ratus.
[0066] The pre-bending apparatus 61 pre-bends the
ground electrode 27 of the spark plug 1 in an unbent state
(straight bar like shape) (see FIG. 4) at a position corre-
sponding to a bend portion (intermediate portion) of the
ground electrode 27. That is, the pre-bending apparatus
61 performs pre-bending work on the ground electrode
27. As shown in FIG. 5, the pre-bending apparatus 61
includes first deformation prevention means 62 for pre-
venting leaning of the ground electrode 27 toward the
center electrode 5 and swelling of the ground electrode
27 toward the side opposite the center electrode 5; and
a roller 63 serving as first bending means for bending the
ground electrode 27.

[0067] The first deformation prevention means 62 in-
cludes first inward deformation prevention means 62A
and first outward deformation prevention means 62B,
each assuming the form of a bar and extending along
the width direction of the ground electrode 27. The first
inward deformation prevention means 62A and the first
outward deformation prevention means 62B are config-
ured to be movable toward and away from the spark plug
1. When the pre-bending work is performed on the ground
electrode 27, the first inward deformation prevention
means 62A is disposed between the proximal end portion
of the ground electrode 27 and a side portion of the center
electrode 5, and the first outward deformation prevention
means 62B is disposed such that it comes into contact
with the outer surface of the proximal end portion of the
ground electrode 27. Notably, the deformation preven-
tion means 62A and 62B have flat planar portions 64A
and 64B, respectively. When the pre-bending work is per-
formed, the deformation prevention means 62A and 62B
are disposed such that the planar portions 64A and 64B
face each other and come into surface contact with the
proximal end portion of the ground electrode 27. In ad-
dition, the deformation prevention means 62A and 62B
are supported at their proximal end portions by unillus-
trated coupling portions in a state in which the spacing
between the two means can be changed.
[0068] The first inward deformation prevention means
62A has a triangular cross section at at least a portion
thereof which comes into contact with the ground elec-
trode 27. A curved surface portion 65 is provided at a
corner portion which connects the planar portion 64A and
a side surface located at the upper side of a back surface
of the planar portion 64A. The curved surface portion 65
is a portion against which the inner surface of the ground
electrode 27 is pressed when the ground electrode 27 is
pre-bent by the roller 63, and has a shape corresponding
to a bent shape of the ground electrode 27. That is, the
first inward deformation prevention means 62A is config-
ured such that means for forming a rough bent shape
(curved shape) of the ground electrode 27 and means
for preventing leaning of the ground electrode 27 toward
the center electrode 5 are united together. Notably, in
the present embodiment, the curved surface portion 65
is disposed such that, when the pre-bending work is per-
formed on the ground electrode 27, the center of curva-
ture CC of the curved surface portion 65 is located on
the proximal end side of a plane PL1 containing the front
end surface of the center electrode 5 (the noble metal
portion 31), with respect to the direction of the axis CL1.
[0069] In addition, the roller 63 has an outer circum-
ferential surface of a predetermined width (e.g., 3 mm),
and is supported for free rotation. The roller 63 is config-
ured such that it can be moved horizontally (in directions
indicated by arrows in FIG. 5) by unillustrated moving
means. Thus, the roller 63 can move toward and press
a side surface of the ground electrode 27 opposite the
center electrode 5. Furthermore, a film (not shown)
formed of diamond-like carbon (DLC) is formed on a por-
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tion of the outer circumferential surface of the roller 63,
which portion comes into contact with ground electrode
27, and a bearing portion of the roller 63. The frictional
coefficient of the surface of the film is 0.2 or less.
[0070] The main bending apparatus 71 bends the pre-
bent ground electrode 27 at an approximately right angle
(performs main bending work), and adjusts the relative
height of the distal end portion of the ground electrode
27 (the noble metal tip 32), with respect to the direction
of the axis CL1, in relation to the front end portion of the
center electrode 5 (the noble metal portion 31). As shown
in FIG. 6, the main bending apparatus 71 includes press-
ing means 72 serving as second bending means, and
second deformation prevention means 73 for preventing
deformation of the ground electrode 27.
[0071] The pressing means 72 is configured to be mov-
able along the vertical direction, and performs the main
bending work on the ground electrode 27 by pressing
down the distal end portion of the ground electrode 27
toward the center electrode 5. A lower surface portion
72A of the pressing means 72, which comes into contact
with the ground electrode 27 at the time of the main bend-
ing work, is formed flat, and a film (not shown) formed of
DLC is formed on the surface of the lower surface portion
72A. Therefore, the frictional coefficient of the lower sur-
face portion 72A is relatively small.
[0072] The second deformation prevention means 73
includes second inward deformation prevention means
73A and second outward deformation prevention means
73B, each assuming the form of a bar and extending
along the width direction of the ground electrode 27. The
second inward deformation prevention means 73A and
the second outward deformation prevention means 73B
are configured to be movable toward and away from the
spark plug 1. When the main bending work is performed
on the ground electrode 27, the second inward deforma-
tion prevention means 73A is disposed between the
ground electrode 27 and the center electrode 5 or the
like such that the second inward deformation prevention
means 73A comes into contact with the inner surface of
the proximal end portion of the ground electrode 27, and
the second outward deformation prevention means 73B
is disposed to come into contact with the outer surface
of the proximal end portion of the ground electrode 27.
The deformation prevention means 73A and 73B have
flat planar portions 74A and 74B. When the main bending
work is performed, the planar portions 74A and 74B are
disposed to come into surface contract with the proximal
end portion of the ground electrode 27. As a result, de-
formation of the ground electrode 27 at the time of per-
forming the main bending work on the ground electrode
27 can be prevented more reliably. Furthermore, the de-
formation prevention means 73A and 73B are supported
at their proximal end portions by unillustrated coupling
portions in a state in which the spacing between the two
means can be changed.
[0073] The main bending apparatus 71 further in-
cludes first illumination means (not shown) for projecting

a predetermined light beam so as to illuminate a front
end portion of the spark plug 1 (at least a front end portion
of the center electrode 5 and a distal end portion of the
ground electrode 27) with light; and first image capturing
means (not shown) for capturing an image of the front
end portion of the spark plug 1 irradiated with light. The
main bending apparatus 71 also includes control means
(not shown) for acquiring the size of the gap between the
two electrodes 5 and 27 (the noble metal portion 31 and
the noble metal tip 32) from data representing the image
captured by the first image capturing means, for calcu-
lating, on the basis of the size of the gap, an amount of
pressing by the pressing means 72 (corresponding to an
amount obtained through addition of an amount of spring-
back to a deviation to be described later), and for con-
trolling the pressing means 72 on the basis of the press-
ing amount. In the following, operation of the control
means will be described in detail.
[0074] That is, the control means calculates a deviation
of the acquired size of the gap between the electrodes 5
and 27, as measured along the vertical direction, from a
designed size of the spark discharge gap 33 along the
direction of the axis CL1. Then, the main bending work
is performed on the ground electrode 27 by means of
causing the pressing means 72 to press downward the
distal end portion of the ground electrode 27 by an
amount obtained by adding the amount of springback to
the deviation. As a result, the spark discharge gap 33 is
formed such that the relative height of the distal end por-
tion (the noble metal tip 32) of the ground electrode 27
in relation to the front end portion of the center electrode
5 (the noble metal portion 31) becomes approximately
equal to a designed relative height of the distal end por-
tion of the ground electrode 27 in relation to the front end
portion of the center electrode 5. That is, the spark dis-
charge gap 33 is formed such that the distance Gy of the
spark discharge gap 33 between the electrodes 5 and
27 as measured along the direction of the axis CL1 be-
comes equal to a designed distance Gy.
[0075] The gap adjustment apparatus 81 adjusts the
distance Gx of the spark discharge gap 33, as measured
along a direction perpendicular to the axis CL1, while
maintaining the distance Gy of the spark discharge gap
33 along the axis CL1 adjusted by the main bending ap-
paratus 71. As shown in FIGS. 7 and 8, the gap adjust-
ment apparatus 81 includes second image capturing
means 82, gap adjustment means 83, restriction means
84, image processing means 85, and second illumination
means (not shown) for projecting a predetermined light
beam toward the front end portion of the spark plug 1.
[0076] The second image capturing means 82 cap-
tures an image of the front end portion of the spark plug
1 irradiated with light emitted from the second illumination
means, and outputs data of the captured image to the
image processing means 85.
[0077] The gap adjustment means 83 is composed of
arms 83A and 83B, each assuming the form of a bar,
extending along the width direction of the ground elec-
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trode 27, and having a rectangular cross section; and a
coupling portion 83C which supports the arms 83A and
83B in a state in which they can move in horizontal di-
rections (directions indicated by arrows in FIG. 7) (nota-
bly, the arm 83A corresponds to the gap enlargement
means). The gap adjustment means 83 is configured to
be movable toward and away from the conveyed spark
plug 1. When the above-mentioned distance Gx is ad-
justed, the two arms 83A and 83B approach the spark
plug 1 and hold the ground electrode 27 therebetween.
By means of moving the two arms 83A and 83B horizon-
tally, the distance Gx can be adjusted.
[0078] In addition, the arm 83A is made thinner than
the arm 83B, and the arm 83A is disposed on the front
end side of a plane PL2 including the front end surface
of the ceramic insulator 2, with respect to the direction
of the axis CL1. That is, the arm 83A is disposed in a
relatively large space between the center electrode 5 and
the ground electrode 27.
[0079] The restriction means 84 is controlled by the
image processing means 85, and has a flat lower surface
portion 84A. A film (not shown) of DLC is formed on the
lower surface portion 84A. The restriction means 84 is
configured to be movable along the vertical direction.
When the distance Gx is adjusted, the lower surface por-
tion 84A is immovably disposed at a position at which
the lower surface portion 84A comes in contact with the
distal end portion of the ground electrode 27. Thus, at
the time of adjustment of the distance Gx by the gap
adjustment means 83, relative movement (along the di-
rection of the axis CL1) of the distal end portion of the
ground electrode 27 in relation to the center electrode 5
can be restricted, whereby the distance Gy formed by
the main bending apparatus 71 can be maintained.
[0080]  The image processing means 85 controls op-
erations of the gap adjustment means 83 and the restric-
tion means 84 on the basis of the data of the image cap-
tured by the second image capturing means 82. More
specifically, the image processing means 85 moves the
two arms 83A and 83B horizontally by an amount which
is obtained through addition of an amount of springback
to a deviation of the distance (along the horizontal direc-
tion) between the distal end portion of the ground elec-
trode 27 and the front end portion of the center electrode
5, obtained from the image data, in relation to the de-
signed distance Gx of the spark discharge gap 33 along
the direction perpendicular to the axis CL1.
[0081] Notably, in the present embodiment, in consid-
eration of springback deformation of the ground electrode
27, etc., after the distance Gx is adjusted by the gap
adjustment means 83, the gap adjustment means 83 and
the restriction means 84 are withdrawn from the spark
plug 1, the image of the spark plug 1 is again captured
by the image capturing means 82, and the distances Gx
and Gy of the spark discharge gap 33 are checked so as
to determine whether or not the distances Gx and Gy are
equal to the designed distances. In the case where the
formed distances Gx and Gy are approximately equal to

the designed distances, the work for bending the ground
electrode 27 is completed. Meanwhile, in the case where
the distances Gx and Gy differ from the designed dis-
tances, the distance Gx is adjusted again by the gap ad-
justment means 83, and the distance Gy is adjusted again
by the restriction means 84. That is, the restriction means
84 in the present embodiment not only can restrict the
relative movement of the distal end portion of the ground
electrode 27 toward the front end side with respect to the
direction of the axis CL1, in relation to the center elec-
trode 5, but also can adjust the distance Gx by pressing
the distal end portion of the ground electrode 27 toward
the center electrode 5.
[0082] Next, a method for bending the ground elec-
trode 27 by use of the above-described bending appa-
ratus 51 will be described.
[0083] First, the spark plug 1 whose ground electrode
27 has been positioned (see FIG. 4) is conveyed to the
pre-bending apparatus 61 by the above-described trans-
port means. The first deformation prevention means 62
then approaches the spark plug 1, and supports the prox-
imal end portion of the ground electrode 27. Subsequent-
ly, the roller 63 moves toward the ground electrode 27
so as to press the ground electrode 27 against the curved
surface portion 65, whereby pre-bending work is per-
formed on the ground electrode 27. After that, the first
deformation prevention means 62 and the roller 63 re-
treat from the spark plug 1.
[0084] Next, the spark plug 1 having undergone the
pre-bending work is conveyed to the main bending ap-
paratus 71 by the transport means. Subsequently, an
image of the front end portion of the spark plug 1 irradi-
ated with light from the first illumination means is captured
by the first image capturing means, and a pressing
amount is calculated by the control means on the basis
of data representing the captured image. Next, the sec-
ond deformation prevention means 73 approaches the
spark plug 1 and supports the proximal end portion of
the ground electrode 27. The distal end portion of the
ground electrode 27 is pressed by the pressing means
72 by the calculated pressing amount, whereby main
bending work is performed on the ground electrode 27.
As a result, the ground electrode 27 is bent at an approx-
imately right angle, and the distance Gy of the spark dis-
charge gap 33 along the direction of the axis CL1 is
formed. After the main bending work, the pressing means
72 and the second deformation prevention means 73 re-
treat from the spark plug 1.
[0085] Next, the spark plug 1 having undergone the
main-bending work is conveyed to the gap adjustment
apparatus 81 by the transport means. Subsequently, an
image of the front end portion of the spark plug 1 irradi-
ated with light from the second illumination means is cap-
tured by the second image capturing means 82. Subse-
quently, on the basis of data representing the image cap-
tured by the second image capturing means 82, the gap
adjustment means 83 and the restriction means 84 are
disposed at predetermined positions by the image
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processing mean 84. Subsequently, the distance Gx is
adjusted by the gap adjustment means 83, while the dis-
tance Gy is maintained by the restriction means 84. After
that, the gap adjustment means 83 and the restriction
means 84 retreat from the spark plug 1, and the second
image capturing means 82 again captures the image of
the front end portion of the spark plug 1. When necessary,
the distances Gx and Gy are adjusted again by the gap
adjustment means 83 and the restriction means 84 on
the basis of data representing the re-captured image. As
a result, the spark discharge gap 33 is formed to have a
predetermined size (approximately equal to the designed
size), whereby bending of the ground electrode 27 is
completed.
[0086] As described above, according to the present
embodiment, at the time of (pre-) bending work, means
for forming a curved surface (the curved surface portion
65) is disposed between the proximal end portion of the
ground electrode 27 and a side portion of the center elec-
trode 5. That is, the curved surface portion 65, which
serves as a reference for a bending position of the ground
electrode 27, can be disposed at a position closer to the
proximal end (position closer to the metallic shell 3) with-
out being hindered by the center electrode 5. Therefore,
even in a state in which the metallic shell 3 and the ce-
ramic insulator 2 have been assembled together, the
ground electrode 27 can be bent relatively easily on the
side toward the proximal end portion thereof. Further-
more, supporting the ground electrode 27 by the first de-
formation prevention means 62 more reliably prevents
leaning of the ground electrode 27 toward the center elec-
trode 5 and swelling of the ground electrode 27 toward
the direction opposite the center electrode 5.
[0087] Moreover, when the (main) bending work is per-
formed, the relative height of the distal end portion of the
ground electrode 27 in relation to the front end portion of
the enter electrode 5 along the direction of the axis CL1
is adjusted on the basis of the actual position of the front
end portion of the enter electrode 5. As a result, the size
of the spark discharge gap 33 as measured along the
direction of the axis CL1 can be adjusted more accurate-
ly. Furthermore, supporting the ground electrode 27 by
the second deformation prevention means 73 more reli-
ably prevents leaning and swelling of the ground elec-
trode 27.
[0088] In addition, the size of the spark discharge gap
33 as measured along the direction perpendicular to the
axis CL1 can be adjusted by the gap adjustment appa-
ratus 81. That is, in the main bending apparatus 71, the
size of the spark discharge gap 33 as measured along
the direction of the axis CL1 can be set to a predetermined
size, and, in the gap adjustment apparatus 81, the size
of the spark discharge gap 33 as measured along the
direction perpendicular to the axis CL1 can be adjusted.
Therefore, the spark discharge gap 33 can be formed
accurately.
[0089] Furthermore, the first bending means is the roll-
er 63, which can move relative to the ground electrode

27 along a direction approximately perpendicular to the
axis CL1 and is supported for free rotation. Therefore,
the ground electrode 27 can be pressed against the
curved surface portion 65 more reliably, without changing
the pressing direction of the ground electrode 27. More-
over, since the roller 63 is supported for free rotation,
there can be suppressed, to a possible extent, occur-
rence of a state in which the ground electrode 27 bends
while rubbing against the roller 63, whereby formation of
scratches on the ground electrode 27 can be prevented
more reliably.
[0090] Moreover, in the present embodiment, in order
to reduce the frictional coefficients of a bearing portion
of the roller 63 and a portion of the outer circumferential
surface of the roller 63 which comes into contact with the
ground electrode 27, a film formed of DLC is provided on
the outer circumferential surface of the roller 63 and the
bearing portion thereof. Thus, formation of scratches on
the ground electrode 27 can be prevented further more
reliably.
[0091] In addition, in the pre-bending apparatus 61,
the curved surface portion 65 and the first inward defor-
mation prevention means 62A to be disposed between
the ground electrode 27 and the center electrode 5, etc.
are united together. Therefore, the apparatus can be pre-
vented from becoming complex.
[0092] Furthermore, the curved surface portion 65 is
disposed such that the center of curvature CC of the
curved surface portion 65 is located on the proximal end
side of the plane PL1 containing the front end surface of
the center electrode 5, with respect to the direction of the
axis CL1. Accordingly, the ground electrode 27 can be
bent at a position closer to the proximal end, whereby
lateral-discharge-type or inclined-discharge-type spark
plugs can be manufactured relatively easily.
[0093] In addition, the arm 83A is disposed frontward
of a plane containing the front end surface of the ceramic
insulator 2 with respect to the direction of the axis CL1.
That is, the arm 83A is disposed in a relatively large space
between the center electrode 5 and the ground electrode
27. Accordingly, the relative movement of the ground
electrode 27 toward the center electrode 5 is not restrict-
ed by the presence of the arm 83A, whereby the size of
the spark discharge gap 33 can be adjusted more easily
and more accurately.
[0094] Moreover, the restriction means 84 restricts at
least the relative movement of the distal end portion of
the ground electrode 27 in relation to the center electrode
5 toward the front end side with respect to the direction
of the axis CL1. As a result, there can be prevented a
deviation of the distance Gy of the spark discharge gap
33 along the direction of the axis CL1, whereby the size
of the spark discharge gap 33 can be adjusted more ac-
curately.
[0095] Notably, the present invention is not limited to
the details of the above-described embodiment, and may
be practiced as follows. Needless to say, other applica-
tion examples and medications which are not exemplified
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bellow are also possible.
[0096]

(a) In the above-described embodiment, the first de-
formation prevention means 62 includes the first in-
ward deformation prevention means 62A and the first
outward deformation prevention means 62B. How-
ever, the first deformation prevention means 62 may
include only one of the first inward deformation pre-
vention means 62A and the first outward deformation
prevention means 62B.

[0097]

(b) In the above-described embodiment, the roller
63 is employed as first bending means for performing
pre-bending work on the ground electrode 27. How-
ever, the means for performing pre-bending work on
the ground electrode 27 is not limited thereto.

[0098]

(c) In the above-described embodiment, a film
formed of DLC is provided on the outer circumferen-
tial surface of the roller 63, the lower surface portion
72A of the pressing means 72, etc. However, the film
may be omitted.

[0099]

(d) In the above-described embodiment, the spark
plug 1 is of an inclined discharge type in which spark
discharge occurs obliquely in relation to the direction
of the axis CL1. However, the discharge direction of
the spark plug 1 is not limited thereto. Accordingly,
the spark plug 1 may be of a lateral discharge type
in which spark discharge occurs along a direction
approximately perpendicular to the direction of the
axis CL1 or a longitudinal discharge type in which
spark discharge occurs along the direction of the axis
CL1.

[0100]

(e) In the above-described embodiment, the ground
electrode 27 was joined to the front end surface of
the front end portion 26 of the metallic shell 3. How-
ever, the present invention can be applied to a spark
plug in which the ground electrode is formed through
cutting a portion of the metallic shell (or a portion of
a front end metal piece welded to the metallic shell
in advance) (see, for example, Japanese Patent Ap-
plication Laid-Open (kokai) No. 2006-236906). Fur-
thermore, the ground electrode 27 may be joined to
the side surface of the front end portion 26 of the
metallic shell 3.

[0101]

(f) In the above-described embodiment, the tool en-
gagement portion 19 has a hexagonal section. How-
ever, the shape of the tool engagement portion 19
is not limited thereto. For example, the tool engage-
ment portion 19 may have a Bi-HEX (modified do-
decagonal) shape [IS022977:2005(E)] or the like.

[0102]

(g) The positions of the first inward deformation pre-
vention means 62A and the first outward deformation
prevention means 62B at the time of pre-bending
work may be determined on the basis of data repre-
senting a captured image of the front end portion of
the spark plug 1.

[0103]

(h) In the above-described embodiment, a pair in-
cluding the first inward deformation prevention
means 62A and the first outward deformation pre-
vention means 62B, a pair including the second in-
ward deformation prevention means 73A and the
second outward deformation prevention means 73B,
and a pair including the arm 83A and the arm 83B
are each formed of separate members. However,
each pair may be formed of a single member.

[0104]

(i) In the above-described embodiment, the gap ad-
justment means 83 holds the proximal end portion
of the ground electrode 27. The gap adjustment
means may be configured to press a distal end sur-
face of the ground electrode 27 (in the case where
the noble metal tip 32 is provided, a distal end surface
of the ground electrode base material excluding the
noble metal tip 32).

DESCRIPTION OF REFERENCE NUMERAL

[0105]

1: spark plug
2: ceramic insulator serving as an insulator
3: metallic shell
4: axial hole
5: center electrode
26: front end portion of the metallic shell
27: ground electrode
33: spark discharge gap
51: bending apparatus
61: pre-bending apparatus
62: first deformation prevention means
62A: first inward deformation prevention means
62B: first outward deformation prevention means
63: roller
65: curved surface portion
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71: main bending apparatus
72: pressing means
73: second deformation prevention means
81: gap adjustment apparatus
83: gap adjustment means
83A: arm serving as gap enlargement means
84: restriction means

Claims

1. A spark plug manufacturing method for manufactur-
ing a spark plug including:

a rod-like center electrode extending in the di-
rection of an axis;
an approximately cylindrical tubular insulator
having an axial hole extending in the direction
of the axis, the center electrode being provided
at a front end portion of the axial hole;
an approximately cylindrical tubular metallic
shell surrounding the insulator; and
a ground electrode whose proximal end portion
is joined to the metallic shell, and which is bent
at an intermediate portion thereof so as to form
a spark discharge gap between a distal end por-
tion of the ground electrode and a front end por-
tion of the center electrode,
the method comprising a bending process of
bending the ground electrode toward the axis in
a state in which the metallic shell with the ground
electrode joined thereto and the insulator in
which the center electrode is provided are as-
sembled together, wherein
the bending process includes a bending step
performed such that
curved surface forming means having a curved
surface portion corresponding to a bent shape
of the ground electrode is disposed between a
side portion of the center electrode and the prox-
imal end portion of the ground electrode,
the ground electrode is supported by deforma-
tion prevention means so as to prevent at least
one of deformation of the proximal end portion
of the ground electrode toward the center elec-
trode and deformation of the proximal end por-
tion toward a side opposite the center electrode,
and
the ground electrode is pressed against the
curved surface portion from the side opposite
the center electrode by use of bending means,
whereby bending work is performed on the
ground electrode.

2. A spark plug manufacturing method according to
claim 1, wherein the bending means is a roller which
is configured to be movable in relation to the ground
electrode along a direction approximately perpen-

dicular to the axis and which is supported for free
rotation, and an outer circumferential surface of the
roller is pressed against a side surface of the ground
electrode opposite the center electrode so as to per-
form the bending work on the ground electrode.

3. A spark plug manufacturing method according to
claim 1 or 2, wherein the deformation prevention
means includes inward deformation prevention
means which is disposed between a side portion of
the center electrode and the proximal end portion of
the ground electrode so as to support a side portion
of the proximal end portion of the ground electrode
located on the side toward the center electrode, to
thereby prevent deformation of the ground electrode
toward the center electrode.

4. A spark plug manufacturing method according to
claim 3, wherein the deformation prevention means
is configured such that the curved surface forming
means and the inward deformation prevention
means are united together.

5. A spark plug manufacturing method according to
claim 3 or 4, wherein the deformation prevention
means further includes outward deformation preven-
tion means which is disposed on a side of the ground
electrode opposite the center electrode so as to sup-
port a side portion of the proximal end portion of the
ground electrode opposite the center electrode, to
thereby prevent deformation of the ground electrode
toward a side opposite the center electrode.

6. A spark plug manufacturing method according to
claim 5, wherein the inward deformation prevention
means and the outward deformation prevention
means are disposed to face each other via the prox-
imal end portion of the ground electrode.

7. A spark plug manufacturing method according to
claim 5 or 6, wherein the spacing between the inward
deformation prevention means and the outward de-
formation prevention means can be changed.

8. A spark plug manufacturing method according to any
one of claims 1 to 7, wherein the curved surface form-
ing means is disposed such that the center of cur-
vature of the curved surface portion is located on the
proximal end side of a plane including a front end
surface of the center electrode with respect to the
direction of the axis.

9. A spark plug manufacturing method according to any
one of claims 1 to 8, wherein the bending process
includes a gap adjustment step performed after the
bending step so as to adjust a size of the spark dis-
charge gap along a direction perpendicular to the
axis by use of gap adjustment means capable of
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moving the distal end portion of the ground electrode
in relation to the center electrode along a direction
approximately perpendicular to the axis.

10. A spark plug manufacturing method according to
claim 9, wherein the gap adjustment means includes
gap enlargement means which is disposed between
a side portion of the center electrode and the proxi-
mal end portion of the ground electrode so as to rel-
atively move the distal end portion of the ground elec-
trode in a direction away from the center electrode,
to thereby expand a size of the spark discharge gap
along a direction perpendicular to the axis,
wherein the gap enlargement means is disposed on
a front end side of a plane including a front end sur-
face of the insulator with respect to the direction of
the axis.

11. A spark plug manufacturing method according to
claim 9 or 10, wherein, in the gap adjustment step,
restriction means is used to restrict at least relative
movement of the distal end portion of the ground
electrode in relation to the center electrode toward
the front end side with respect to the direction of the
axis.

12. A spark plug manufacturing method according to any
one of claims 1 to 11, wherein the spark plug is con-
figured such that a shortest distance between the
center electrode and the ground electrode is formed
between a front end edge portion or side surface
portion of the center electrode and the distal end
portion of the ground electrode.

13. A spark plug manufacturing apparatus used for man-
ufacture of a spark plug including:

a rod-like center electrode extending in the di-
rection of an axis;
an approximately cylindrical tubular insulator
having an axial hole extending in the direction
of the axis, the center electrode being provided
at a front end portion of the axial hole;
an approximately cylindrical tubular metallic
shell surrounding the insulator; and
a ground electrode whose proximal end portion
is joined to the metallic shell, and which is bent
at an intermediate portion thereof so as to form
a spark discharge gap between a distal end por-
tion of the ground electrode and a front end por-
tion of the center electrode,
the apparatus comprising a bending apparatus
for bending a straight-bar-shaped ground elec-
trode toward the axis in a state in which the me-
tallic shell with the straight-bar-shaped ground
electrode joined thereto and the insulator in
which the center electrode is provided are as-
sembled together, wherein

the bending apparatus comprises:
curved surface forming means which has a
curved surface portion corresponding to a bent
shape of the ground electrode and is disposed
between a side portion of the center electrode
and the proximal end portion of the ground elec-
trode;
first deformation prevention means for prevent-
ing at least one of deformation of the proximal
end portion of the ground electrode toward the
center electrode and deformation of the proxi-
mal end portion toward a side opposite the cent-
er electrode; and
bending means for pressing the ground elec-
trode against the curved surface portion of the
curved surface forming means from a side op-
posite the center electrode.

14. A spark plug manufacturing apparatus according to
claim 13, wherein the bending means is a roller which
is supported for free rotation and which can move
toward and away from the ground electrode along a
direction approximately perpendicular to the axis.

15. A spark plug manufacturing apparatus according to
claim 13 or 14, wherein the deformation prevention
means includes inward deformation prevention
means which is disposed between a side portion of
the center electrode and the proximal end portion of
the ground electrode so as to support a side portion
of the proximal end portion of the ground electrode
located on the side toward the center electrode, to
thereby prevent deformation of the ground electrode
toward the center electrode.

16. A spark plug manufacturing apparatus according to
claim 15, wherein the deformation prevention means
is configured such that the curved surface forming
means and the inward deformation prevention
means are united together.

17. A spark plug manufacturing apparatus according to
claim 15 or 16, wherein the deformation prevention
means further includes outward deformation preven-
tion means which is disposed on a side of the ground
electrode opposite the center electrode so as to sup-
port a side portion of the proximal end portion of the
ground electrode opposite the center electrode, to
thereby prevent deformation of the ground electrode
toward a side opposite the center electrode.

18. A spark plug manufacturing apparatus according to
claim 17, wherein the inward deformation prevention
means and the outward deformation prevention
means are disposed to face each other via the prox-
imal end portion of the ground electrode.

19. A spark plug manufacturing apparatus according to
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claim 17 or 18, wherein the spacing between the
inward deformation prevention means and the out-
ward deformation prevention means can be
changed.

20. A spark plug manufacturing apparatus according to
any one of claims 13 to 19, wherein the curved sur-
face forming means is disposed such that the center
of curvature of the curved surface portion is located
on the proximal end side of a plane including a front
end surface of the center electrode with respect to
the direction of the axis.

21. A spark plug manufacturing apparatus according to
any one of claims 13 to 20, wherein the bending ap-
paratus further comprises gap adjustment means
capable of moving the distal end portion of the
ground electrode in relation to the center electrode
along a direction approximately perpendicular to the
axis, wherein the gap adjustment means adjusts a
size of the spark discharge gap along a direction
perpendicular to the axis.

22. A spark plug manufacturing apparatus according to
claim 21, wherein the gap adjustment means in-
cludes gap enlargement means which is disposed
between a side portion of the center electrode and
the proximal end portion of the ground electrode so
as to relatively move the distal end portion of the
ground electrode in a direction away from the center
electrode, to thereby expand a size of the spark dis-
charge gap along a direction perpendicular to the
axis,
wherein the gap enlargement means is disposed on
a front end side of a plane including a front end sur-
face of the insulator with respect to the direction of
the axis.

23. A spark plug manufacturing apparatus according to
claim 21 or 22, wherein the gap adjustment means
comprises restriction means for restricting at least
relative movement of the distal end portion of the
ground electrode in relation to the center electrode
toward the front end side with respect to the direction
of the axis.

24. A spark plug manufacturing apparatus according to
any one of claims 13 to 23, wherein the spark plug
is configured such that a shortest distance between
the center electrode and the ground electrode is
formed between a front end edge portion or side sur-
face portion of the center electrode and the distal
end portion of the ground electrode.

27 28 



EP 2 337 172 A1

16



EP 2 337 172 A1

17



EP 2 337 172 A1

18



EP 2 337 172 A1

19



EP 2 337 172 A1

20



EP 2 337 172 A1

21



EP 2 337 172 A1

22



EP 2 337 172 A1

23



EP 2 337 172 A1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 3389121 B [0004]
• JP 2007234435 A [0064]

• JP 2006236906 A [0100]


	bibliography
	description
	claims
	drawings
	search report

