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(54) Method of manufacturing spark plug

(57) To improve the accuracy of a judgment as to
whether or not a discharge penetrating an insulator has
occurred.

A spark plug which includes a center electrode ex-
tending in an axial direction, an insulator having an axial
hole which extends in the axial direction and in which the
center electrode is disposed, a metallic shell disposed
around the insulator, and a ground electrode electrically
connected to the metallic shell and forming a gap in co-
operation with the center electrode is manufactured by
the following method. An assembly is formed by combin-
ing the metallic shell, the insulator, and the center elec-
trode. A voltage is applied between the metallic shell and
the center electrode of the assembly. In a period during
which the voltage is applied, a judgment as to whether
or not a discharge penetrating the insulator has occurred
is made by using an output value output from an optical
sensor directed toward a forward end portion of the as-
sembly.
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Description

Technical Field

[0001] The present invention relates to a method of
manufacturing a spark plug.

Background Art

[0002] Conventionally, spark plugs have been used for
internal combustion engines. Such a spark plug includes
a center electrode extending in an axial direction thereof;
an insulator having an axial hole extending in the axial
direction and holding a center electrode inserted into a
forward end portion of the axial hole; a metallic shell dis-
posed around the insulator; and a ground electrode elec-
trically communicating with the metallic shell. When such
a spark plug is manufactured, the spark plug may be
inspected to judge whether or not the spark plug is de-
fective. For example, there has been proposed a method
of testing the insulation performance (i.e., withstand volt-
age) of the insulator by producing a potential difference
between the metallic shell and the center electrode in a
state in which the spark plug is exposed to an atmosphere
whose pressure is higher than the atmospheric pressure
so as to suppress discharge. A judgment as to whether
or not a discharge which penetrates the insulator (here-
inafter referred to "penetration discharge") has occurred
is made by utilizing a change in current at the time when
a potential difference is produced between the metallic
shell and the center electrode.

Prior Art Documents

Patent Documents

[0003] Patent Document 1 Japanese Patent Applica-
tion Laid-Open (kokai) No. 2012-185963

Summary of the Invention

Problem to be Solved by the Invention

[0004] However, when a potential difference is pro-
duced between the metallic shell and the center elec-
trode, in some cases, generated discharge creeps along
the surface of the insulator without penetrating the insu-
lator (hereinafter, the discharge creeping along the sur-
face of the insulator will be referred to as "creeping dis-
charge"). When such a creeping discharge occurs, the
waveform of current or voltage changes as in the case
where a penetration discharge occurs. Accordingly, even
in the case where penetration discharge does not occur;
i.e., when the insulation performance of the insulator is
sufficiently high, an erroneous judgment that a discharge
penetrating the insulator has occurred is made because
of occurrence of creeping discharge.
[0005] A main object of the present invention is to im-

prove the accuracy of a judgment as to whether or not a
discharge penetrating an insulator has occurred.

[Means for Solving the Problem]

[0006] The present invention has been accomplished
so as to solve, at least partially, the above-described
problem, and the present invention can be embodied in
the following application examples.

Application example 1

[0007] A method of manufacturing a spark plug which
includes a center electrode extending in an axial direc-
tion; an insulator having an axial hole which extends in
the axial direction and in which the center electrode is
disposed; a metallic shell disposed around the insulator;
and a ground electrode electrically connected to the me-
tallic shell and forming a gap between the ground elec-
trode and the center electrode, the method being char-
acterized by comprising:

an assembly step of forming an assembly by com-
bining the metallic shell, the insulator, and the center
electrode;
an application step of applying a voltage between
the metallic shell and the center electrode of the as-
sembly; and
a judgment step of judging, in a period during which
the voltage is applied, whether or not a discharge
penetrating the insulator has occurred, by using an
output value output from an optical sensor directed
toward a forward end portion of the assembly.

[0008] According to this configuration, the judgment as
to whether or not a discharge penetrating the insulator
has occurred is made by using the output value from the
optical sensor. Accordingly, in the case where a dis-
charge creeping along the surface of the insulator without
penetrating the insulator has occurred, it possible to pre-
vent this state from being erroneously judged that a dis-
charge penetrating the insulator has occurred. As a re-
sult, the accuracy of the judgment as to whether or not
a discharge penetrating the insulator has occurred can
be improved.

Application example 2

[0009] The manufacturing method described in the ap-
plication example 1 is characterized in that

the insulator has an outer-diameter decreasing por-
tion where the outer diameter of the insulator de-
creases toward the forward end side in the axial di-
rection, and a large diameter portion provided on the
rear end side of the outer-diameter decreasing por-
tion;
the metallic shell has an inner-diameter decreasing
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portion where the inner diameter of the metallic shell
decreases toward the forward end side in the axial
direction;
the assembly has a packing sandwiched between
the outer-diameter decreasing portion and the inner-
diameter decreasing portion;
a length of the insulator, measured in parallel to the
axial direction, between a forward end of the metallic
shell and a boundary between the large diameter
portion and the outer-diameter decreasing portion
falls within a range of 5 mm to 13 mm; and
in the judgment step, the output value output by using
a wavelength band of 320 nm or greater is used.

[0010] According to this configuration, even when the
length of a part of the portion of the insulator on the for-
ward end side of the boundary, which part is covered by
the metallic shell, is short (13 mm or less), the accuracy
of the judgment as to whether or not a discharge pene-
trating the insulator has occurred can be improved.

Application example 3

[0011] The manufacturing method described in the ap-
plication example 1 or 2 is characterized in that, in the
judgment step, a plurality of optical sensors are used,
the plurality of optical sensors including a front sensor
which is an optical sensor located on the center axis of
the assembly and directed toward the forward end portion
of the assembly, and a side sensor which is an optical
sensor located at a position separated from the center
axis of the assembly and directed toward the forward end
portion of the assembly.
[0012] According to this configuration, the accuracy of
the judgment as to whether or not a discharge penetrating
the insulator has occurred can be improved by using the
output value from the front sensor and the output value
from the side sensor.

Application example 4

[0013] The manufacturing method described in any of
the application examples 1 to 3 is characterized in that

in the judgment step, a plurality of optical sensors
are used, the plurality of optical sensors including
first and second side sensors which are optical sen-
sors located at positions separated from the center
axis of the assembly and directed toward the forward
end portion of the assembly; and
an angle between a direction from the center axis
toward the first side sensor and a direction from the
center axis toward the second side sensor is equal
to or greater than 120 degrees.

[0014] According to this configuration, the accuracy of
the judgment as to whether or not a discharge penetrating
the insulator has occurred can be improved by using the

output value from the first side sensor and the output
value from the second side sensor.

Application example 5

[0015] The manufacturing method described in any of
the application examples 1 to 4 is characterized in that

in the judgment step, a front sensor located on the
center axis of the assembly and directed toward the
forward end portion of the assembly is used as the
optical sensor;
in the forward end portion of the assembly, an an-
nular space is formed between the metallic shell and
the insulator, the space having a center coinciding
with the center axis and being open toward the for-
ward end side; and
the front sensor is disposed at a position at which an
inner contour of the forward end of the metallic shell
and an outer contour of the insulator can be viewed
separately from each other.

[0016] According to this configuration, the front sensor
can properly output an output value which reflects the
brightness of discharge irrespective of the position of the
discharge. Therefore, the accuracy of the judgment as
to whether or not a discharge penetrating the insulator
has occurred can be improved

Application example 6

[0017] The manufacturing method described in any of
the application examples 1 to 5 is characterized in that

in the judgment step, a side sensor located at a po-
sition separated from the center axis of the assembly
and directed toward the forward end portion of the
assembly is used as the optical sensor; and
as viewed from the center axis of the assembly, the
side sensor is disposed in a direction different from
a direction in which the ground electrode 30 is dis-
posed.

[0018] According to this configuration, it is possible to
restrain occurrence of a situation where discharge hides
behind the ground electrode as viewed from the side sen-
sor. Therefore, the accuracy of the judgment as to wheth-
er or not a discharge penetrating the insulator has oc-
curred can be improved

Application example 7

[0019] The manufacturing method described in any of
the application examples 1 to 6 is characterized by further
comprising a step of bending the ground electrode to
thereby form the gap between the ground electrode and
the center electrode in the case where it is judged in the
judgment step that a discharge penetrating the insulator
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has not occurred.
[0020] According to this configuration, in the case
where it is judged in the judgment step that a discharge
penetrating the insulator has not occurred, the gap is
formed by bending the ground electrode. Therefore, the
glow plug can be manufactured properly.

Application example 8

[0021] The manufacturing method described in any of
the application examples 1 to 7 is characterized in that
conditions for judging, in the judgment step, that a dis-
charge penetrating the insulator has occurred include a
condition that the output value indicates that brightness
is equal to or less than a predetermined threshold.
[0022] According to this configuration, proper judg-
ment can be realized.
[0023] Notably, the present invention can be realized
in various forms. For example, the present invention can
be realized, for example, as a method of testing an as-
sembly for a spark plug, a method of manufacturing a
spark plug, or a spark plug manufactured by this manu-
facturing method.

Brief Description of the Drawings

[0024]

FIG. 1 Sectional view of an example of a spark plug.
FIG. 2 Flowchart showing an example of a method
of manufacturing the spark plug 100.
FIG. 3 Schematic view of a testing apparatus 900.
FIG. 4 Schematic view showing a first discharge path
Pt1.
FIG. 5 Schematic view showing a second discharge
path Pt2.
FIG. 6 Graph showing the results of a first evaluation
test.
FIG. 7 Graph showing the results of a second eval-
uation test.
FIG. 8 Graph showing the results of a third evaluation
test.
FIG. 9 Table showing layout configurations FA to FK,
positions of optical sen sors 300, and judgment con-
ditions.
FIG. 10 Schematic view of a forward end portion of
an assembly 100x.
FIG. 11 Explanatory view showing relative positions
P1 to P6.
FIG. 12 Graph showing the results of a fourth eval-
uation test.
FIG. 13 Schematic view of the forward end portion
of the assembly 100x as viewed from a position on
the center axis CL.
FIG. 14 Schematic view of the forward end portion
of the assembly 100x as viewed from a position
slightly deviated from the center axis CL.

[Modes for Carrying out the Invention]

A. Embodiment:

A-1. Structure of spark plug:

[0025] FIG. 1 is a sectional view of an example of a
spark plug manufactured by a manufacturing method of
an embodiment. A line CL shown in FIG. 1 represents
the center axis of the spark plug 100. The illustrated sec-
tion contains the center axis CL. In the following descrip-
tion, the center axis CL will also be referred to as the
"axial line CL," and the direction parallel to the center
axis CL will also be referred to as the "axial direction."
The radial direction of a circle whose center is located at
the center axis CL will simply be referred to the "radial
direction," and the circumferential direction of a circle
whose center is located at the center axis CL will simply
be referred to the "circumferential direction." Of directions
parallel to the center axis CL, the downward direction in
FIG. 1 will be referred to as a forward direction D1, and
the upward direction will be referred to as a rearward
direction D2. The forward direction D1 is a direction from
a metallic terminal 40 toward electrodes 20 and 30 which
will be described later. The forward direction D1 side of
FIG. 1 will be referred to as the forward end side of the
spark plug 100, and the rearward direction D2 side of
FIG. 1 will be referred to as the rear end side of the spark
plug 100.
[0026] The spark plug 100 includes an insulator 10
(hereinafter also referred to as the "ceramic insulator
10"), a center electrode 20, a ground electrode 30, a me-
tallic terminal 40, a metallic shell 50, an electrically con-
ductive first seal portion 60, a resistor 70, a covering por-
tion 290, an electrically conductive second seal portion
80, a forward-end-side packing 8, talc 9, a first rear-end-
side packing 6, and a second rear-end-side packing 7.
[0027] The insulator 10 is a generally cylindrical mem-
ber having a through hole 12 (hereinafter also referred
to as the "axial hole 12") extending along the center axis
CL and penetrating the insulator 10. The insulator 10 is
formed by firing alumina (other insulating materials can
be employed). The insulator 10 has a leg portion 13, a
first outer-diameter decreasing portion 15, a forward-
end-side trunk portion 17, a flange portion 19, a second
outer-diameter decreasing portion 11, and a rear-end-
side trunk portion 18, which are arranged in this order
from the forward end side toward the rearward direction
D2 side. The outer diameter of the first outer-diameter
decreasing portion 15 decreases gradually from the rear
end side toward the forward end side. An inner-diameter
decreasing portion 16 whose inner diameter decreases
gradually from the rear end side toward the forward end
side is formed in the vicinity of the first outer-diameter
decreasing portion 15 of the insulator 10 (at the forward-
end-side trunk portion 17 in the example of FIG. 1). The
outer diameter of the second outer-diameter decreasing
portion 11 decreases gradually from the forward end side
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toward the rear end side.
[0028] The rod-shaped center electrode 20 extending
along the center axis CL is inserted into a forward end
portion of the axial hole 12 of the insulator 10. The center
electrode 20 has a leg portion 25, a flange portion 24,
and a head portion 23 which are arranged in this order
from the forward end side toward the rearward direction
D2 side. A forward end portion of the leg portion 25
projects from the axial hole 12 on the forward end side
of the insulator 10. The remaining portion of the center
electrode 20 is disposed in the axial hole 12. A surface
of the flange portion 24 on the forward direction D1 side
is supported by the inner-diameter decreasing portion 16
of the insulator 10. The center electrode 20 includes an
electrode base member 21 and a core 22 embedded in
the electrode base member 21. The electrode base mem-
ber 21 is formed of, for example, Inconel (registered
trademark) which is an alloy containing nickel as a main
component. The core 22 is formed of a material (for ex-
ample, an alloy containing copper) which is higher in ther-
mal conductivity than the electrode base member 21.
[0029] The metallic terminal 40 is inserted into a rear
end portion of the axial hole 12 of the insulator 10. The
metallic terminal 40 is formed of an electrically conductive
material (for example, metal such as low-carbon steel).
The metallic terminal 40 has a cap attachment portion
41, a flange portion 42, and a leg portion 43 which are
arranged in this order from the rear end side toward the
forward direction D1 side. The cap attachment portion
41 projects from the axial hole 12 on the rear end side
of the insulator 10. The leg portion 43 is inserted into the
axial hole 12 of the insulator 10.
[0030] The circular columnar resistor 70 for suppress-
ing electrical noise is disposed in the axial hole 12 of the
insulator 10 to be located between the metallic terminal
40 and the center electrode 20. The electrically conduc-
tive first seal portion 60 is disposed between the resistor
70 and the center electrode 20, and the electrically con-
ductive second seal portion 80 is disposed between the
resistor 70 and the metallic terminal 40. The center elec-
trode 20 and the metallic terminal 40 are electrically con-
nected through the resistor 70 and the seal portions 60
and 80. Since the seal portions 60 and 80 are provided,
the contact resistances among the stacked members 20,
60, 70, 80, and 40 become stable, and the electrical re-
sistance between the center electrode 20 and the metallic
terminal 40 becomes stable. The resistor 70 is formed
through use of, for example, particles of glass (e.g.,
B2O3-SiO2 glass) (main component), particles of ceramic
(e.g., TiO2), and an electrically conductive material (e.g.,
Mg). The seal portions 60 and 80 are formed through use
of, for example, particles of glass similar to that used for
the resistor 70 and particles of metal (e.g., Cu).
[0031] The metallic shell 50 is a generally cylindrical
member having a through hole 59 which extends along
the center axis CL and penetrates the metallic shell 50.
The metallic shell 50 is formed of low-carbon steel (other
electrically conductive materials (e.g., metallic material)

can be employed). The insulator 10 is inserted into the
through hole 59 of the metallic shell 50. The metallic shell
50 is fixed to the outer periphery of the insulator 10. On
the forward end side of the metallic shell 50, a forward
end of the insulator 10 (a forward end portion of the leg
portion 13 in the present embodiment) projects from the
through hole 59. On the rear end side of the metallic shell
50, a rear end of the insulator 10 (a rear end portion of
the rear-end-side trunk portion 18 in the present embod-
iment) projects from the through hole 59.
[0032] The metallic shell 50 has a trunk portion 55, a
seat portion 54, a deformable portion 58, a tool engage-
ment portion 51, and a crimp portion 53 arranged in this
order from the forward end side toward the rear end side.
The seat portion 54 is a flange-shaped portion. A screw
portion 52 for screw engagement with an attachment hole
of an internal combustion engine (e.g., gasoline engine)
is formed on the outer circumferential surface of the trunk
portion 55. An annular gasket 5 formed by bending a
metal plate is fitted between the seat portion 54 and the
screw portion 52.
[0033] The metallic shell 50 has an inner-diameter de-
creasing portion 56 disposed on the forward direction D1
side of the deformable portion 58. The inner diameter of
the inner-diameter decreasing portion 56 decreases
gradually from the rear end side toward the forward end
side. The forward-end-side packing 8 is sandwiched be-
tween the inner-diameter decreasing portion 56 of the
metallic shell 50 and the first outer-diameter decreasing
portion 15 of the insulator 10. The forward-end-side pack-
ing 8 is an 0-ring formed of iron (other materials (e.g.,
metallic material such as copper) can be employed).
[0034] The tool engagement portion 51 has a shape
(e.g., a hexagonal column) suitable for engagement with
a spark plug wrench. The crimp portion 53 is provided
on the rear end side of the tool engagement portion 51.
The crimp portion 53 is disposed on the rear end side of
the second outer-diameter decreasing portion 11 of the
insulator 10, and forms a rear end (an end on the rearward
direction D2 side) of the metallic shell 50. The crimp por-
tion 53 is bent radially inward.
[0035] On the rear end side of the metallic shell 50, an
annular space SP is formed between the inner circum-
ferential surface of the metallic shell 50 and the outer
circumferential surface of the insulator 10. In the present
embodiment, this space SP is a space surrounded by
the crimp portion 53 and the tool engagement portion 51
of the metallic shell 50 and the second outer-diameter
decreasing portion 11 and the rear-end-side trunk portion
18 of the insulator 10. The first rear-end-side packing 6
is disposed in the space SP to be located on the rear end
side thereof. The second rear-end-side packing 7 is dis-
posed in the space SP to be located on the forward end
side thereof. In the present embodiment, these rear-end-
side packings 6 and 7 are C-rings formed of irons (other
materials can be employed). Powder of the talc 9 is
changed between the two rear-end-side packings 6 and
7 within the space SP.
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[0036] When the spark plug 100 is manufactured,
crimping is performed such that the crimp portion 53 is
bent inward. Thus, the crimp portion 53 is pressed toward
the forward direction D1 side. As a result, the deformable
portion 58 deforms, and the insulator 10 is pressed for-
ward within the metallic shell 50 via the packings 6 and
7 and the talc 9. The forward-end-side packing 8 is
pressed between the first outer-diameter decreasing por-
tion 15 and the inner-diameter decreasing portion 56 to
thereby establish a seal between the metallic shell 50
and the insulator 10. By virtue of the above-described
configuration, a gas within a combustion chamber of the
internal combustion engine is prevented from leaking to
the outside through the space between the metallic shell
50 and the insulator 10. Also, the metallic shell 50 is fixed
to the insulator 10.
[0037] The ground electrode 30 is joined to a forward
end (an end on the forward direction D1 side) of the me-
tallic shell 50. In the present embodiment, the ground
electrode 30 is a rod-shaped electrode. The ground elec-
trode 30 extends in the forward direction D1 from the
metallic shell 50, bends toward the center axis CL, and
has a distal end portion 31. The distal end portion 31
forms a gap g in cooperation with a forward end surface
20s1 of the center electrode 20 (the surface 20s1 is lo-
cated on the forward direction D1 side). The ground elec-
trode 30 is joined to the metallic shell 50 such that the
ground electrode 30 electrically communicates with the
metallic shell 50 (for example, laser welding). The ground
electrode 30 has a base member 35 which forms the
surface of the ground electrode 30, and a core 36 em-
bedded in the base member 35. The base member 35 is
formed of, for example, Inconel, and the core 36 is formed
of a material (e.g., pure copper) which is higher in thermal
conductivity than the base member 35.
[0038] In a forward end portion of the spark plug 100,
an annular space Sf is formed between the metallic shell
50 (the trunk portion 55 in the present embodiment) and
the insulator 10 (the leg portion 13 in the present embod-
iment). The center of the annular space Sf coincides with
the center axis CL, and the annular space Sf opens to-
ward the forward direction D1 side.

A-2. Method of manufacturing the spark plug:

[0039] FIG. 2 is a flowchart showing an example of a
manufacturing method of the embodiment. In the first
step S100, an assembly is formed. The assembly is a
semi-finished produce of the completed spark plug 100
shown in FIG. 1 in a state before the ground electrode
30 is bent. Various known methods can be employed so
as to form the assembly. For example, a method de-
scribed below can be employed.
[0040] First, the insulator 10, the center electrode 20,
the ground electrode 30, the metallic terminal 40, and
the metallic shell 50 are manufactured. In this stage, a
straight, unbent member is manufactured as the ground
electrode 30. Various known methods can be employed

so as to manufacture these members 10, 20, 30, 40, and
50, and their detailed descriptions are omitted. Notably,
at least some members may be prepared by purchasing
them rather than manufacturing them.
[0041] Next, the center electrode 20 is disposed in the
axial hole 12 at a position at which the center electrode
20 is supported by the inner-diameter decreasing portion
16 (FIG. 1). Subsequently, material powder of the first
seal portion 60, material powder of the resistor 70, and
material powder of the second seal portion 80 are
charged into the axial hole 12 in this order. The insulator
10 is heated to a predetermined temperature higher than
the softening points of the glass components contained
in the material powders. In a state in which the insulator
10 is heated to the predetermined temperature, the me-
tallic terminal 40 is inserted into the axial hole 12 from
an opening of the axial hole 12 on the rearward direction
D2 side. As a result, the material powders are com-
pressed and fired, whereby the first seal portion 60, the
resistor 70, and the second seal portion 80 are formed.
[0042] Next, the metallic shell 50 is fixed to the insulator
10. The method described with reference to FIG. 1 can
be employed for the fixation. Next, the straight, unbent
ground electrode 30 is fixed to the forward end of the
metallic shell 50. For example, welding can be employed
so as to fix the ground electrode 30. Notably, the metallic
shell 50 may be fixed to the insulator 10 after fixing the
ground electrode 30 to the metallic shell 50. The assem-
bly is formed by the above-described procedure.
[0043] In steps S110 to S140 of FIG. 2, the insulation
performance (withstand voltage) of the insulator 10 is
tested by a testing apparatus. In this test, a test is per-
formed in order to judge whether or not the insulating
performance of the insulator 10 is maintained without be-
ing broken when a voltage is applied between the center
electrode 20 and the metallic shell 50. FIG. 3 is a sche-
matic view of a testing apparatus 900. The testing appa-
ratus 900 has a test bench 200 to which an assembly
100x is attached, an optical sensor 300, a power supply
apparatus 400 which applies a voltage to the assembly
100x, and a processing apparatus 500 which performs
data processing. The power supply apparatus 400 has
a voltage application circuit 410 which outputs a voltage
for discharge, and a differentiating circuit 420 which ob-
tains the time-differentiated value of the output voltage.
The processing apparatus 500 has an AD converter 510
which converts an analog signal to digital data, and a
data processing section 520 which executes data
processing. The data processing section 520 is, for ex-
ample, a computer including a CPU and a storage device.
[0044] In FIG. 3, a schematic sectional view of the test
bench 200 is shown. The center axis CL and the direc-
tions D1 and D2 in FIG. 3 are shown to match the direction
of the assembly 100x attached to the test bench 200.
The cross section of the test bench 200 contains the cent-
er axis CL.
[0045] The test bench 200 includes a container 210, a
window member 220, and a window frame 230. The con-

9 10 
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tainer 210 has an attachment hole 212 for attachment of
the assembly 100x, an accommodation chamber 214 for
accommodating a forward end portion of the assembly
100x attached to the attachment hole 212, and an open-
ing 216 disposed at one end of the accommodation
chamber 214 on the forward direction D1 side. The open-
ing 216 is closed by the window member 220. The win-
dow member 220 is formed of a transparent material
(glass in the present embodiment). The window frame
230 is disposed on the forward direction D1 side of the
window member 220. The window frame 230 is a looped
member for supporting the entire circumferential edge of
the window member 220. The window member 220 is
fixed to the container 210 while being sandwiched be-
tween the container 210 and the window frame 230. From
the forward direction D1 side of the window member 220,
the forward end portion of the assembly 100x can be
observed through the window member 220.
[0046] The optical sensor 300 is disposed on the for-
ward direction D1 side of the window member 220. The
optical sensor 300 is a sensor which outputs an output
value corresponding to the intensity of light (i.e., bright-
ness). In the present embodiment, the optical sensor 300
is a photo diode which outputs a current corresponding
to the intensity of light. The optical sensor 300 is disposed
on the forward direction D1 side of the window member
220 to be located on the center axis CL. The light receiv-
ing surface (not shown) of the optical sensor 300 on the
center axis CL faces toward the rearward direction D2
side ; i.e., faces toward the forward end portion of the
assembly 100x.
[0047] High-voltage cables 431 and 432 are connected
to the voltage application circuit 410 of the power supply
apparatus 400. These high-voltage cables 431 and 432
are connected to the metallic terminal 40 and the metallic
shell 50, respectively, of the assembly 100x. The voltage
application circuit 410 applies a voltage between the me-
tallic terminal 40 and the metallic shell 50 through the
high-voltage cables 431 and 432. Since the metallic ter-
minal 40 is electrically connected to the center electrode
20, the voltage is applied between the center electrode
20 and the metallic shell 50. When the voltage is applied
between the center electrode 20 and the metallic shell
50, discharge may occur in the space Sf between the
metallic shell 50 and the insulator 10 in some cases.
[0048] FIGS. 4 and 5 are schematic sectional views
showing paths of discharge which may occur in the for-
ward end portion of the assembly 100x. Each of these
drawings shows a cross section of the forward end por-
tion of the assembly 100x (specifically, a cross section
containing the center axis CL). Paths Pt1 and Pt2 indi-
cated by thick lines show examples of the paths of dis-
charge.
[0049] FIG. 4 shows the first discharge path Pt1. The
first discharge path Pt1 extends from an inner circumfer-
ential surface 50i of the metallic shell 50, reaches a sur-
face 10o of the insulator 10, extends along the surface
10o of the insulator 10 toward the forward direction D1

side, passes over a forward end surface 101 of the insu-
lator 10, and reaches the center electrode 20. This first
discharge path Pt1 is an example of the path of creeping
discharge.
[0050] As shown in FIG. 4, the space Sf between the
inner circumferential surface 50i of the metallic shell 50
and the surface 10o of the insulator 10 is formed on the
forward direction D1 side of a region where the forward-
end-side packing 8 is provided as a seal. In the vicinity
of the forward-end-side packing 8, the distance between
the inner circumferential surface 50i of the metallic shell
50 and the surface 10o of the insulator 10 is smaller than
those in other regions within the space Sf. Accordingly,
there may be generated a discharge which passes
through a discharge path which extends from a portion
of the inner circumferential surface 50i of the metallic
shell 50 located on the forward direction D1 side of the
forward-end-side packing 8, extends along the surface
10o of the insulator 10, and reaches the center electrode
20; i.e., the first discharge path Pt1 of FIG. 4.
[0051] Also, in the example of FIG. 4, the metallic shell
50 has an inner-diameter increasing portion 57 which is
located on the forward direction D1 side of the inner-
diameter decreasing portion 56 and at which the inner
diameter increases toward the forward direction D1 side.
The inner diameter is approximately constant on the for-
ward direction D1 side of the inner-diameter increasing
portion 57. The inner diameter is approximately constant
between the inner-diameter increasing portion 57 and
the inner-diameter decreasing portion 56. The inner-di-
ameter decreasing portion 56 and the inner-diameter in-
creasing portion 57 form a projection which projects ra-
dially inward. For example, in the example of FIG. 4, an
end of the inner-diameter increasing portion 57 on the
rearward direction D2 side forms a projection 567. When
a voltage is applied to a conductor having such a projec-
tion, discharge which passes through the projection is
likely to be generated. The first discharge path Pt1 of
FIG. 4 passes through the projection 567.
[0052] Notably, the ground electrode 30x of the assem-
bly 100x is straight; i.e., in a state before being bent. The
distance between the ground electrode 30x and the cent-
er electrode 20 is greater than the distance between the
surface 10o of the insulator 10 and the center electrode
20. Discharge between the ground electrode 30x and the
center electrode 20 is less likely to occur as compared
with discharge between the metallic shell 50 and the cent-
er electrode 20. Also, creeping discharge as shown in
FIG. 4 may occur even when the insulation performance
of the insulator 10 is good.
[0053] FIG. 5 shows the second discharge path Pt2.
In the example of FIG. 5, an unintended through hole 131
is formed in the leg portion 13 of the insulator 10 and
extends between the surface 10o and the axial hole 12.
This unintended through hole 131 is a hole formed by
discharge. When a voltage is applied between the center
electrode 20 and the metallic shell 50, such a through
hole 131 may be formed, and there may occur a dis-
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charge which passes through the through hole 131; i.e.,
a discharge which penetrates the insulator 10. The sec-
ond discharge path Pt2 in FIG. 5 extends from the inner
circumferential surface 50i of the metallic shell 50, ex-
tends along the surface 10o of the insulator 10, reaches
the through hole 131, passes through the through hole
131, and reaches the center electrode 20 within the axial
hole 12, without passing through a region on the forward
direction D1 side of the through hole 131. This second
discharge path Pt2 is an example of the path of penetra-
tion discharge. The fact that a penetration discharge oc-
curs upon application of a voltage for test means that the
insulation of the insulator 10 is easily broken; i.e., the
insulation performance of the insulator 10 is low.
[0054] The length of a portion of the discharge path
Pt2 of penetration discharge (FIG. 5), which portion is
exposed to the outside of the insulator 10, is shorter than
the length of a portion of the discharge path Pt1 of creep-
ing discharge (FIG. 4), which portion is exposed to the
outside of the insulator 10. Accordingly, in the chase
where a penetration discharge occurs, the discharge is
observed to be darker as compared with the case where
a creeping discharge occurs. As will be described later,
in the procedure of FIG. 2, the test for judging whether
or not a penetration discharge has occurred; i.e., for test-
ing the insulation performance of the insulator 10, is per-
formed by making use of a difference in brightness at the
time of discharge.
[0055] In step S110 of FIG. 2, first, the assembly 100x
is attached to the test bench 200 (FIG. 3). A carbon di-
oxide gas is supplied to the accommodation chamber
214 of the container 210 through an unillustrated gas flow
passage, whereby the pressure within the accommoda-
tion chamber 214 is increased to 3 MPa. As a result,
within the accommodation chamber 214, occurrence of
discharge becomes difficult. In this state, the voltage ap-
plication circuit 410 of the power supply apparatus 400
applies a voltage between the metallic terminal 40 and
the metallic shell 50 of the assembly 100x. In some cases,
no discharge occurs even when the voltage is applied.
Also, creeping discharge as shown in FIG. 4 may occur.
Also, penetration discharge as shown in FIG. 5 may oc-
cur.
[0056] In the next step S120, the processing apparatus
500 obtains an output value from the optical sensor 300
at the time when the voltage is applied. Specifically, the
AD converter 510 converts an analog output signal (cur-
rent value in the present embodiment) from the optical
sensor 300 to digital data. The data processing section
520 obtains the digital data converted from the analog
output signal. The digital data represents the output value
output from the optical sensor 300; i.e., the intensity of
light measured by the optical sensor 300. In the case
where no discharge has occurred, digital data represent-
ing a low intensity (dark) is obtained. In the case where
creeping discharge (FIG. 4) has occurred, digital data
representing a high intensity (bright) is obtained. When
penetration discharge (FIG. 5) has occurred, digital data

representing an intensity between the two intensities is
obtained. Notably, the data processing section 520 ob-
tains an output value representing the highest intensity
in a period between the start and end of voltage applica-
tion (hereinafter referred to as the "voltage application
period"), as an output value representing the brightness
of discharge.
[0057] In the next step S125, the data processing sec-
tion 520 of the processing apparatus 500 obtains a dis-
crimination signal from the power supply apparatus 400.
The differentiating circuit 420 of the power supply appa-
ratus 400 obtains the absolute value of the differentiated
value of the voltage output from the voltage application
circuit 410 (hereinafter referred to as the "absolute dif-
ferentiated value"). Subsequently, the differentiating cir-
cuit 420 supplies to the processing apparatus 500 a sig-
nal indicating whether or not the absolute differentiated
value exceeds a predetermined derivative threshold in
the voltage application period, as a discrimination signal.
In the case where no discharge occurs, since the voltage
changes gradually, the absolute differentiated value is
equal to or less than the derivative threshold. In the case
where a discharge occurs, since the voltage changes
sharply at the time of occurrence of the discharge, the
absolute differentiated value exceeds the derivative
threshold. As described above, the fact that the absolute
differentiated value exceeds the derivative threshold dur-
ing the voltage application period means that a discharge
has occurred, and the fact that the absolute differentiated
value is equal to or less than the derivative threshold
during the voltage application period means that no dis-
charge has occurred.
[0058] In the next step S130, the data processing sec-
tion 520 of the processing apparatus 500 judges whether
or not a discharged has occurred on the basis of the
discrimination signal. In the case where no discharge has
occurred (namely, the absolute differentiated value is
equal to or less than the threshold), the insulation per-
formance of the insulator 10 is presumed to be good. In
this case, in the next step S150, the ground electrode 30
is bent toward the center electrode 20 and the gap g is
formed. Thus, the park plug 100 is completed, and the
processing of FIG. 2 ends.
[0059] In the case where the discrimination signal
shows that a discharge occurred (S130: Yes), in the next
step S140, the data processing section 520 of the
processing apparatus 500 judges whether or not the out-
put value obtained in step S120 shows that the intensity
of light is equal to or less than a predetermined brightness
threshold. In the present embodiment, the output value
(current value) of the optical sensor 300 has a positive
correlation with the intensity of light. Accordingly, when
the output value is equal to or less than a predetermined
output threshold, the data processing section 520 judges
that the output value shows that the intensity of light is
equal to or less than the brightness threshold. The output
threshold is a threshold value corresponding to the bright-
ness threshold.
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[0060] In the case where the intensity of light is judged
to be greater than the brightness threshold (S140: No),
the discharge is creeping discharge (FIG. 4) and the in-
sulation performance of the insulator 10 is presumed to
be good. In this case, in the next step S150, the ground
electrode 30 is bent toward the center electrode 20 and
the gap g is formed. Thus, the park plug 100 is completed,
and the processing of FIG. 2 ends.
[0061] In the case where the intensity of light is judged
to be equal to or less than the threshold (S140: Yes), it
is presumed that a penetration discharge (FIG. 5) has
occurred, and the insulation performance of the insulator
10 is low. In this case, the assembly 100x is not employed
for manufacture of the spark plug 100 (S160), and the
processing of FIG. 2 ends.
[0062] As described above, in the manufacturing meth-
od of FIG. 2, the judgment as to whether or not a pene-
tration discharge penetrating the insulator 10 has oc-
curred is made through use of an output value which is
output from the optical sensor 300 directed toward the
forward end of the assembly 100x during a period during
which a voltage is applied between the metallic shell 50
and the center electrode 20 of the assembly 100x. Ac-
cordingly, it is possible to prevent occurrence of a situa-
tion where an erroneous judgment that a penetration dis-
charge has occurred is made despite that a creeping dis-
charge has actually occurred. As a result, the accuracy
of the judgment as to whether or not a penetration dis-
charge has occurred can be increased.
[0063] In the case where it is judged that no penetration
discharge has occurred (S140: No), the gap g between
the ground electrode 30 and the center electrode 20 is
formed by bending the ground electrode 30x (S150). Ac-
cordingly, the spark plug 100 can be manufactured prop-
erly. Also, in the case where it is judged that a penetration
discharge has occurred (S140: Yes), the assembly 100x
is not employed for manufacture of the spark plug 100
(S160). Therefore, the possibility that a defective spark
plug 100 is manufactured can be decreased. For exam-
ple, it is possible to restrain manufacture of a spark plug
100 in which a penetration discharge is likely to occur.
[0064] Also, the conditions for judging occurrence of
penetration discharge include a condition that the output
value from the optical sensor 300 shows that the intensity
of light (i.e., brightness) is equal to or less than the pre-
determined brightness threshold (S140). Accordingly,
proper judgment can be realized.

B. First evaluation test:

[0065] FIG. 6 is a graph showing the results of a first
evaluation test performed by using samples of the as-
sembly 100x. The horizontal axis shows the types of the
samples of the assembly 100x, and the vertical axis
shows the intensity of light. The intensity of light shows
the output value from the optical sensor 300. In FIG. 6,
the output value is shown as a ratio to a predetermined
value. The output value was obtained by using the testing

apparatus 900 of FIG. 3 under the following conditions.

1) Carbon dioxide was charged into the accommo-
dation chamber 214 so as to increase the pressure
within the accommodation chamber 214 to 3 MPa.
2) An output value showing the greatest intensity in
the voltage application period was employed as the
above-mentioned output value.
3) The area of the light receiving surface of the optical
sensor 300 was 40 mm2 approximately equal to the
area of a region (the area of a plane perpendicular
to the center axis CL) surrounded by the inner cir-
cumferential surface 50i of the metallic shell 50.

[0066] For each of the samples judged, on the basis
of the discrimination signal, that a discharge had oc-
curred, the presence/absence of an unintended through
hole in the leg portion 13 of the insulator 10 was checked
by a liquid penetrant flaw detection test. 100 samples in
which no unintended through hole had been detected
were obtained as 100 samples of an assembly in which
no through hole was formed as a result of the test (here-
inafter referred to the "assembly having no hole"). 100
samples in each of which an unintended through hole
had been detected were obtained as 100 samples of an
assembly in which a through hole was formed as a result
of the test (hereinafter referred to the "assembly having
a hole"). The graph of FIG. 6 shows the average, maxi-
mum value, and minimum value of the light intensity (out-
put value) for the two types of samples obtained as de-
scribed above.
[0067] As shown in FIG. 6, the light intensity of the
assembly having no hole is greater than that of the as-
sembly having a hole. This is because, as having been
described with reference to FIGS. 4 and 5, a creeping
discharge occurred in the assembly having no hole, and
a penetration discharge occurred in the assembly having
a hole.
[0068] Also, as shown in FIG. 6, the width of distribution
of the light intensity of the assembly having no hole (the
maximum value - the minimum value) is smaller than that
of the assembly having a hole. Presumably, this phenom-
enon has occurred for the following reason. Namely, in
all the samples in which creeping discharges occurred,
the discharge path of creeping discharge is approximate-
ly the same as the first discharge path Pt1 of FIG. 4.
Accordingly, the variation of the light intensity among the
plurality of samples is relatively small. Meanwhile, in the
samples in which penetration discharges occurred, the
position of the through hole 131 (in particular, the position
in the forward direction D1) differs among the samples.
Accordingly, the length of a portion of the discharge path
Pt2 (FIG. 5) exposed to the outside of the insulator 10
also differs among the samples. As a result, the variation
of the light intensity among the plurality of samples is
relatively large.
[0069] Also, in the example of FIG. 6, the minimum
value VL of the light intensity of the assembly having no
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hole is greater than the maximum value VH of the light
intensity of the assembly having a hole. Accordingly, the
judgment as to whether or not a penetration discharge
has occurred can be made accurately by employing, as
the output threshold (FIG. 2: S140), a value which is
greater than the maximum value VH and less than the
minimum value VL. In the example of FIG. 6, a value
which is 0.5 times the average of the output values of the
assembly having no hole can be employed as the output
threshold.
[0070] Notably, the distribution of the output value (i.e.,
the intensity of light) may change depending on the struc-
ture of the spark plug 100 and the spectral sensitivity
characteristic of the optical sensor 300. For example,
there may be the case where the minimum value VL of
the light intensity of the assembly having no hole is less
than the maximum value VH of the light intensity of the
assembly having a hole. In such a case, various values
can be employed as the brightness threshold (i.e., the
output threshold). In general, the lower the brightness
threshold, the lower the possibility that a creeping dis-
charge is erroneously judged to be a penetration dis-
charge. For example, when the brightness threshold is
set to the minimum value VL of FIG. 6, it is possible to
reduce the possibility that the assembly having no hole
is thrown away. Also, in general, the higher the brightness
threshold, the lower the possibility that a penetration dis-
charge is erroneously judged to be a creeping discharge.
For example, when the brightness threshold is set to the
maximum value VH, it is possible to reduce the possibility
that the spark plug 100 is manufactured using the as-
sembly having a hole.

C. Second evaluation test:

[0071] FIG. 7 is a graph showing the results of a second
evaluation test performed by using samples of the as-
sembly 100x. The horizontal axis shows cover length LA
(unit: mm) which will be described later, and the vertical
axis shows penetration discharge detection ratio (unit:
%). In the second evaluation test, the relation between
the cover length LA and the detection ratio was deter-
mined by using four types of optical sensors which dif-
fered in measurement wavelength range (hereinafter al-
so referred to as the "measurement wavelength band").
[0072] As shown in FIG. 4, the cover length LA is a
length, as measured in parallel to the center axis CL,
between the forward end 50f of the metallic shell 50 and
the boundary 157 between the forward-end-side trunk
portion 17 and the first outer-diameter decreasing portion
15 of the insulator 10. In the second evaluation test, sam-
ples having cover lengths LA of 4, 5, 6, 8, 10, 12, 13, 14,
15, 16, and 17 (unit: mm) were tested. These cover
lengths LA were realized by changing the length of the
trunk portion 55 of the metallic shell 50. As shown on the
right side of FIG. 4, a chamfered connection portion is
present between the forward-end-side trunk portion 17
and the first outer-diameter decreasing portion 15. In

such a case, the boundary 157 is determined as follows.
On a cross section including the center axis CL, a straight
portion 15L of the surface of the first outer-diameter de-
creasing portion 15 and a straight portion 17L of the sur-
face of the forward-end-side trunk portion 17 are extend-
ed so that the two straight portions 15L and 17L intersect
with each other at a certain point. This point of intersec-
tion is employed as the boundary 157. Notably, the con-
figuration of the insulator 10 is common among the sam-
ples having the different cover lengths LA. In all the sam-
ples having the different cover lengths LA, the forward
end surface 101 of the insulator 10 was located on the
forward direction D1 side in relation to the forward end
50f of the metallic shell 50.
[0073] The penetration discharge detection ratio was
calculated as follows. As in the first evaluation test, of a
plurality of samples which were judged by the discrimi-
nation signal to have generated discharge, 100 samples
of the assembly having no hole were obtained through a
flaw detection test. A value which was 0.5 times the av-
erage of the output values of the samples of the assembly
having no hole was employed as the output threshold.
Next, the output value of each of the samples which were
judged by the discrimination signal to have generated
discharge was compared with the output threshold in a
manner similar to that in step S140 of FIG. 2, to thereby
judge, on the basis of the output value, whether or not a
penetration discharge has occurred. Then, 100 samples
which were judged on the basis of the output value to
have suffered penetration discharge were obtained. A
flaw detection test was performed on these 100 samples,
and the number of assemblies (samples) having holes
was counted. The ratio of the number of the assemblies
(samples) having holes to the total number (100) of the
samples was calculated as the penetration discharge de-
tection ratio. The determination of the output threshold
and the calculation of the detection ratio were performed
for each of combinations of the wavelength ranges and
the cover lengths LA.
[0074] Four types of photodiodes having different
measurement wavelength ranges were used as the op-
tical sensor. The four measurement wavelength ranges
are as follows.

First wavelength range: 190 nm to 1000 nm
Second wavelength range: 320 nm to 1000 nm
Third wavelength range: 190 nm to 680 nm
Fourth wavelength range: 300 nm to 680 nm

Notably, the measurement wavelength range represents
a range of wavelength within which the intensity of light
can be measured.
[0075] As shown in FIG. 7, the detection ratio tends to
increase with the cover length LA. Presumably, this trend
occurs for the following reason. Namely, as shown in
FIG. 4, creeping discharge creeps along the forward end
surface 101 of the insulator 10. Accordingly, irrespective
of the cover length LA, the discharge can be observed
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from the outside of the space Sf. As a result, when a
creeping discharge occurs, a strong intensity is meas-
ured irrespective of the cover length LA. In contrast, as
shown in FIG. 5, a penetration discharge may occur in
an inner part (i.e., a part on the rearward direction D2
side) of the space Sf. Accordingly, the greater the cover
length LA, the greater the difficulty in observing the dis-
charge from the outside of the apace Sf. As a result, when
a penetration discharge occurs, the longer the cover
length LA, the lower the measured light intensity. For the
above-described reason, the longer the cover length LA,
the greater the difference between the intensity of light
produced as a result of creeping discharge and the in-
tensity of light produced as a result of penetration dis-
charge. As a result, it is presumed that the longer the
cover length LA, the higher the detection ratio.
[0076] Also, as shown in FIG. 7, when the second
wavelength range (a range of 320 nm or greater) was
used, the detection ratio was satisfactory over a wider
range of the cover length LA as compared with the case
where other wavelength ranges (a range of 190 nm or
grater and a range of 300 nm or greater) were used.
Accordingly, in order to realize satisfactory detection ra-
tios in a wide range of the cover length LA, it is preferred
to use the wavelength range of 320 nm or greater as the
measurement wavelength range.
[0077] The upper limit of the measurement wavelength
range is as follows. The upper limit of the second wave-
length range which realized satisfactory detection ratios
is 1000 nm. Accordingly, it is preferred that a range of
1000 nm or less be used as the measurement wavelength
range. Also, the first wavelength range and the third
wavelength range are the same in the lower limit of the
wavelength range and differ in the upper limit of the wave-
length range. However, as shown in FIG. 7, in the first
wavelength range and the third wavelength range, sub-
stantially the same detection ratio is attained at each val-
ue of the cover length LA. Namely, even when the upper
limit of the wavelength range changes between 1000 nm
and 680 nm, presumably, a change in the detection ratio
is small. Accordingly, it is presumed that even when a
range of 680 nm or less is employed as the measurement
wavelength range, satisfactory detection ratios are real-
ized over a wide range of the cover length LA as in the
case of the second wavelength range. For example, the
measurement wavelength range may be 320 nm to 1000
nm. Alternatively, the measurement wavelength range
may be 320 nm to 680 nm.
[0078] Also, as shown in FIG. 7, the cover lengths LA
at which satisfactory detection ratios (70% or greater)
are obtained through use of the second wavelength
range were 5, 6, 8, 10, 12, 13, 14, 15, 16, and 17 (unit:
mm). An arbitrary value of these values may be employed
as the lower limit of a preferred range of the cover length
LA. Also, an arbitrary value which is selected from these
values and is greater than the lower limit may be em-
ployed as the upper limit of the preferred range of the
cover length LA.

[0079] Notably, as shown in FIG. 7, in the case where
a wavelength range other than the second wavelength
range was used, the detection ratio was less than 70%
when the cover length LA was 13 mm or less. In the case
where a small spark plug in which the cover length LA is
13 mm or less is used, a satisfactory detection ratio can
be realized by setting the measurement wavelength
range to the above-mentioned preferred range. In the
case, for example, a range of 5 mm to 13 mm may be
employed as a preferred range of the cover length LA.
[0080] The above-mentioned preferred range of the
measurement wavelength range and the above-men-
tioned preferred range of the cover length LA can be ap-
plied to the manufacturing method of FIG. 2.

D. Third evaluation test:

[0081] FIG. 8 is a graph showing the results of a third
evaluation test performed by using a sample of the as-
sembly 100x. The horizontal axis shows symbols FA to
FK representing layout configurations of an optical sen-
sor(s) 300, and the vertical axis shows the penetration
discharge detection ratio (unit: %). In the third evaluation
test, the relation between the layout of one or more optical
sensors 300 and the detection ratio was determined. No-
tably, the cover length LA of the sample was 11 mm. The
measurement wavelength range of the optical sensors
was 320 nm to 1000 nm. The length, as measured in
parallel to the center axis CL, of a portion of the insulator
10 projecting from the forward end 50f of the metallic
shell 50 toward the forward direction D1 side was 3 mm.
[0082] FIG. 9 is a table showing, for each of the 11
layout configurations FA to FK, the number of optical sen-
sor(s) 300, the position(s) of the optical sensor(s) 300,
and judgment conditions using the output value(s) of the
optical sensors 300. The six positions P1 to P6 shown in
the table are relative positions of the optical sensor(s)
300 in relation to the assembly 100x.
[0083] FIGS. 10 and 11 are views used for explaining
the relative positions P1 to P6. FIG. 10 is a schematic
view of a forward end portion of the assembly 100x as
viewed toward the center axis CL from a position away
from the center axis CL. In FIG. 10, the ground electrode
30x is not shown. FIG. 11 is a schematic view of the
forward end portion of the assembly 100x as viewed in
the rearward direction D2. In FIG. 11, the forward end
50f of the metallic shell 50 and the ground electrode 30x
are shown, and other components are omitted.
[0084] The first position P1 is the position of the optical
sensor 300 described with reference to FIG. 3, and is a
position on the center axis CL which is located on the
forward direction D1 side of the assembly 100x. Herein-
after, the first position P1 will also be referred to as the
"front position P1," and the optical sensor 300 at the first
position P1 will also be referred to as the "front sensor
301." The light receiving surface (not shown) of the front
sensor 301 on the center axis CL faces the forward end
portion of the assembly 100x (specifically, toward the
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rearward direction D2 side).
[0085] The second position P2 through the sixth posi-
tions P6 are positions separated from the center axis CL;
specifically, positions separated from the forward end
portion of the assembly 100x in directions perpendicular
to the center axis CL. In the following description, the
positions P2 to P6 separated from the center axis CL will
also be referred to the "side positions P2 to P6," and the
optical sensor(s) 300 at the side position(s) will also be
referred to as the "side sensor(s) 302." The light receiving
surface (not shown) of each side sensor 302 does not
intersect with the center axis CL, and faces the forward
end portion of the assembly 100x from a position sepa-
rated from the center axis CL. Notably, in the third eval-
uation test, in order to allow the side sensor(s) 302 to
observe a portion of the surface 10o of the insulator 10
located on the forward direction D1 side in relation to the
forward end 50f of the metallic shell 50, the side positions
P2 to P6 are positions separated radially outward from
the projecting portion of the insulator 10. The light receiv-
ing surface of each side sensor 302 faces in a direction
toward the center axis CL, which direction is perpendic-
ular to the center axis CL.
[0086] As shown in FIG. 11, the fifth position P5 is a
position in a direction in which the ground electrode 30x
is disposed as viewed from the center axis CL. As viewed
from the center axis CL, the fifth position P5 is located
behind the ground electrode 30x. When the assembly
100x is observed from the fifth position P5, a portion of
the insulator 10 hides behind the ground electrode 30x.
The third position P3 is a position located opposite the
fifth position P5 with respect to the center axis CL. The
second position P2 is a position in a direction orthogonal
to the direction toward the fifth position P5 as viewed
from the center axis CL. The fourth position P4 is a po-
sition located opposite the second position P2 with re-
spect to the center axis CL. The sixth position P6 is a
position between the second position P2 and the fifth
position P5 as viewed from the center axis CL.
[0087] The angle Ag26 between the direction from the
center axis CL toward the second position P2 and the
direction from the center axis CL toward the sixth position
P6 is 30 degrees. Also, the angle Ag36 between the di-
rection from the center axis CL toward the third position
P3 and the direction from the center axis CL toward the
sixth position P6 is 120 degrees. In the following descrip-
tion, the angle between the directions from the center
axis CL toward the two side positions will be referred to
as the "inter-sensor angle."
[0088] In FIG. 9, the layout of the optical sensor(s) 300
according to each of the layout configurations FA to FK
is represented by using these relative positions P1 to P6.
For example, the first layout configuration FA is formed
by using the first position P1, the fifth layout configuration
FE is formed by using two positions P2 and P4, and the
eleventh layout configuration FK is formed by using three
positions P1, P2, and P4.
[0089] The judgment conditions are conditions for

judging that a penetration discharge has occurred. The
first condition J1 is applied to the layout configurations
FA to FD whose number of sensors is "1." The second
condition J2 is applied to the layout configurations FE to
FJ whose number of sensors is "2." The third condition
J3 is applied to the layout configurations FK whose
number of sensors is "3." The conditions J1, J2, and J3
are as follows.

First condition J1: the output value is equal to or less
than 50% of the output value at the time of occur-
rence of creeping discharge.
Second condition J2: The output value of each of the
two sensors is equal to or less than 50% of the output
value at the time of occurrence of creeping dis-
charge.
Third condition J3: The output value of each of the
three sensors is equal to or less than 50% of the
output value at the time of occurrence of creeping
discharge.

[0090] In each of the conditions J1, J2, and J3, an out-
put value which is 50% of the output value at the time of
occurrence of creeping discharge is used as the output
threshold. In the case where a single optical sensor 300
is used, when the output value of the optical sensor 300
is equal to or less than the output threshold; i.e., the light
intensity detected by the optical sensor 300 is equal to
or less than the brightness threshold, it is judged that a
penetration discharge has occurred. In the case where
two or three single optical sensors 300 are used, when
the output values of all the optical sensors 300 are equal
to or less than the output threshold; i.e., all the light in-
tensities detected by the optical sensors 300 are equal
to or less than the brightness threshold, it is judged that
a penetration discharge has occurred. When the output
value of at least one optical sensor 300 is greater than
the output threshold, it is judged that a creeping discharge
has occurred. Notably, any of these conditions J1, J2,
and J3 can be employed as the judgment condition of
step S140 of FIG. 2.
[0091] The output threshold was determined as fol-
lows. First, there was prepared a test bench (not shown)
which allows observation of the forward end portion of
the assembly 100x from the side positions P2 to P6 in
addition to the front position P1. The optical sensor 300
was fixedly disposed at each of the positions P1 to P6.
Subsequently, the assembly 100x was attached to the
test bench, and the pressure within the accommodation
chamber accommodating the forward end portion of the
assembly 100x was increased through use of a carbon
dioxide gas. Also, the high voltage cables 431 and 432
from the power supply apparatus 400 (FIG. 3) are con-
nected to the metallic terminal 40 and the metallic shell
50 of the assembly 100x. The voltage applied by the pow-
er supply apparatus 400 and the pressure within the ac-
commodation chamber were adjusted such that a creep-
ing discharge occurs at all times. At that time, the lower
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the pressure, the greater the possibility of occurrence of
creeping discharge. Of a plurality of samples which have
generated creeping discharges, 100 samples of the as-
sembly having no hole were obtained through a flaw de-
tection test. A value which was 0.5 times the average of
the output values of the samples of the assembly having
no hole was employed as the output threshold. The out-
put threshold is determined for each optical sensor 300.
[0092] The penetration discharge detection ratio was
calculated as follows. The assembly 100x was attached
to the test bench, and the voltage and the pressure within
the accommodation chamber (i.e., the pressure of the
carbon dioxide gas) were adjusted in accordance with
the condition under which creeping discharge occurred
at all times. Subsequently, the pressure was increased.
Thus, creeping discharge was restrained. In this state, a
voltage was applied between the center electrode 20 and
the metallic shell 50 of the assembly 100x. Subsequently,
as in the case of the first evaluation test, the output value
of each optical sensor 300 was obtained. In the case
where the discrimination signal showed generation of a
discharge, in accordance with the above-described con-
ditions J1 to J3, the judgment as to whether a penetration
discharge had occurred was made on the basis of the
output value. Thus, 100 samples judged on the basis of
the output value to have suffered penetration discharges
were obtained. A flaw detection test was performed on
these 100 samples, and the number of assemblies (sam-
ples) having holes was counted. The ratio of the number
of the assemblies (samples) having holes to the total
number (100) of the samples was calculated as the pen-
etration discharge detection ratio.
[0093] As shown in FIG. 8, when the number of sensors
is "1," the detection ratio of the first layout configuration
FA formed by using the front position P1 is better than
the detection ratios of the layout configurations FB to FD
formed by using the side sensors. Presumably, the rea-
son for this result is as follows. In the case where a creep-
ing discharge occurs behind the insulator 10 as viewed
from the side sensor(s) 302, it is difficult for the side sen-
sor(s) 302 to receive light generated as a result of the
discharge. Further, at the fifth position P5, it is difficult to
receive a sufficient amount of light when a creeping dis-
charge occurs in a region which is located behind the
ground electrode 30x as viewed from the corresponding
side sensor 302. Accordingly, even when a creeping dis-
charge occurs, the output value of the side sensor 302
may show a low intensity in some cases. As a result, the
detection ratio becomes relatively low. In contrast, the
front sensor can receive light from the entire circumfer-
ence of the surface 10o of the insulator 10 surrounding
the center axis CL. Accordingly, when a creeping dis-
charge occurs, an output value showing a strong intensity
can be obtained from the front sensor. As a result, the
detection ratio becomes relatively high.
[0094] As to the layout configurations FE to FJ whose
number of sensors is "two," the detection ratios of the
three layout configurations FE, FI, and FJ were better

than the detection ratios of the remaining layout config-
urations FF, FG, and FH. The reason of this will be de-
scribed below.
[0095] The reason of the low (or bad) detection ratio
of the sixth layout configuration FF including the fifth po-
sition P5 is presumably that the field of view of the side
sensor 302 at the fifth position P5 is blocked by the ground
electrode 30x. Also, the reason of the high (or good) de-
tection ratio of the tenth layout configuration FJ including
the front sensor 301 is presumably that the front sensor
301 can receive light from the entire circumference of the
surface 10o of the insulator 10 surrounding the center
axis CL.
[0096] The layout configurations FE to FI having two
side sensors 302 are as follows. The respective inter-
sensor angles of these layout configurations FE to FI are
as follows (excluding the sixth layout configuration FF).

Fifth layout configuration FE: 180 degrees
Seventh layout configuration FG: 90 degrees
Eight layout configuration FH: 30 degrees
Ninth layout configuration FI: 120 degrees

The detection ratios of the layout configurations FE and
FI whose inter-sensor angles are equal to or greater than
120 degrees are better than the detection ratios of the
layout configurations FG and FH whose inter-sensor an-
gles are less than 120 degrees. Presumably, this is for
the following reason. In the case where the inter-sensor
angle is equal to or greater than 120 degrees, a blind
spot of the surface 10o of the insulator 10; i.e., a region
which cannot be viewed from the two side sensors 302,
is smaller as compared with the case where the inter-
sensor angle is less than 120 degrees.
[0097] The detection ratio of the eleventh layout con-
figuration FK whose number of sensors is "3" is the best
among the detection ratios of the tested layout configu-
rations FA to FK. Presumably, the reason for this is that
the eleventh layout configuration FK includes the front
position P1 from which the entire circumference of the
surface 10o of the insulator 10 surrounding the center
axis CL can be observed and the two side positions P2
and P4 the angle (inter-sensor angle) between which is
180 degrees.
[0098] As described above, in order to realize a good
detection ratio, it is preferred to employ at least one of
the following Configurations 1 through 3.

Configuration 1: there are used a plurality of optical
sensors including the front sensor 301 which is lo-
cated on the center axis CL of the assembly 100x
and is directed toward the forward end portion of the
assembly 100x, and a plurality of side sensors 302
which are located at positions separated from the
center axis CL and are directed toward the forward
end portion of the assembly 100x.
Configuration 2: there are used a plurality of optical
sensors including first and second side sensors 302
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which are located at positions separated from the
center axis CL and are directed toward the forward
end portion of the assembly 100x. The angle (inter-
sensor angle) between the first and second side sen-
sors is equal to or greater than 120 degrees.
Configuration 3: there is used a side sensor which
is located at a position separated from the center
axis CL and is directed toward the forward end por-
tion of the assembly 100x. The side sensor is dis-
posed in a direction different from the direction in
which the ground electrode 30x is disposed as
viewed from the center axis CL.

[0099] Each of these Configurations 1 to 3 determines
the relative positional relations) of the optical sensor(s)
300 in relation to the assembly 100x in consideration of
the field(s) of view of the optical sensor(s) 300. Accord-
ingly, it is presumed that when at least one of these Con-
figurations 1 to 3 is employed, the detection ratio can be
improved irrespective of the structure of the spark plug
100 and the structure of the testing apparatus 900 (for
example, the cover length LA and the measurement
wavelength range of each optical sensor 300).
[0100] Notably, a layout configuration arbitrarily cho-
sen from the layout configurations FA to FK shown in
FIG. 9 can be applied to the manufacturing method of
FIG. 2. In this case, of the above-described conditions
J1 to J3, a condition corresponding to the layout config-
uration can be applied to the step S140 of FIG. 2. Notably,
in order to reduce the possibility of erroneous judgment,
it is preferred to employ a layout configuration which is
shown in FIG. 8 and is high in detection ratio. For exam-
ple, it is preferred to employ the layout configurations FE,
FI, FJ, and FK whose detection ratios are 70% or greater.

E. Fourth evaluation test:

[0101] FIG. 12 is a graph showing the results of a fourth
evaluation test performed by using samples of the as-
sembly 100x. The horizontal axis shows the position LC
(unit: mm) of an unintended through hole 131 (FIG. 5)
which will be described later, and the vertical axis shows
creeping discharge detection ratio (unit: %). In the fourth
evaluation test, the relation between the position LC of
the unintended through hole 131 and the detection ratio
was determined. The structures of the testing apparatus
(for example, the test bench), the optical sensor(s) 300,
and the assembly 100x which were used in the test are
the same as those employed in the third evaluation test.
[0102] As shown in FIG. 5, the position LC of the un-
intended through hole 131 is the length (measured in
parallel to the center axis CL) between the position of the
through hole 131 on the surface 10o of the insulator 10
and the boundary 157 between the forward-end-side
trunk portion 17 and the first outer-diameter decreasing
portion 15 of the insulator 10. In the following description,
the position LC of the through hole 131 will also be re-
ferred to as the "hole position LC." The hole position LC

of the through hole 131 formed as a result of penetration
discharge changes in accordance with the pressure with-
in the accommodation chamber which accommodates
the forward end portion of the assembly 100x. Specifi-
cally, the higher the pressure, the lower the possibility of
generation of discharge; namely, the shorter the distance
of the discharge path. Accordingly, the higher the pres-
sure, the closer the hole position LC to the boundary 157.
In the fourth evaluation test, by adjusting the pressure in
seven stages (to seven levels), the test for seven hole
positions LC of 1, 2, 4, 6, 8, 10, and 12 (unit: mm) was
performed (which will be described in detail later).
[0103] The cover length LA of the assembly 100x (FIG.
4) used in the fourth evaluation test was 11 mm, and the
leg length LB thereof was 14 mm. The leg length LB is a
length (measured in parallel to the center axis CL) be-
tween the boundary 157 and the forward end of the in-
sulator 10. Therefore, the hole position LC of 13 mm is
a position corresponding to the forward end 50f of the
metallic shell 50. In the case where the hole position LC
is greater than 13 mm, the through hole 131 is located
on the forward direction D1 side of the forward end 50f
of the metallic shell 50. In the case where the hole position
LC is less than 13 mm, the through hole 131 is located
on the rearward direction D2 side of the forward end 50f
of the metallic shell 50.
[0104] Also, as shown in FIG. 12, in the fourth evalu-
ation test, the first layout configuration FA and the fifth
layout configuration FE described with reference to FIG.
9 were tested as the layout of the optical sensors 300.
Also, the method of determining the output threshold is
the same as that employed in the third evaluation test.
The method of calculating the creeping discharge detec-
tion ratio is as follows. As in the case of the third evalu-
ation test, the assembly 100x was attached to the test
bench, and a voltage was applied. The output value of
each optical sensor 300 was obtained. When the discrim-
ination signal showed generation of a discharge, in ac-
cordance with the above-described conditions J1 to J3,
the judgment as to whether or not a penetration discharge
has occurred was made on the basis of the output value.
Discharge was repeatedly generated until it was judged
on the basis of the output value that a penetration dis-
charge has occurred. Such repetition of discharge was
performed for 100 samples. A flaw detection test was
performed on the 100 samples, and the number of unin-
tended holes was counted for each sample. If the result
of the judgment on each of the discharges repeatedly
generated is correct, the number of holes is one. How-
ever, in the case where it was erroneously judged on the
basis of the output value that a penetration discharge
has not occurred despite the fact that a penetration dis-
charge has occurred, the number of holes increases with
the number of times of erroneous judgment. Namely, the
number of holes which is equal to or greater than 2 means
that erroneous judgment was made one or more times.
The ratio of samples in which the number of holes was
1 (namely, samples for which erroneously judgment was
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not made presumably) to the total number (100) of the
samples was calculated as the detection ratio. Notably,
calculation of the detection ratio was performed for each
of the seven hole positions LC; i.e., for each of the seven
pressures. The horizontal axis of the graph of FIG. 12
shows the hole position LC presumed from the pressure.
A value obtained by rounding off the first decimal place
of the measurement value of the hole position LC of a
hole actually formed at each pressure was the same as
the hole position LC presumed from the pressure.
[0105] As shown in FIG. 12, in the case where the hole
position LC was located on the rearward direction D2
side, the detection ratio was better as compared with the
case where the hole position LC was located on the for-
ward direction D1 side. Presumably, the reason for this
is as follows. In the case where the hole position LC is
located on the rearward direction D2 side, the intensity
of light produced as a result of occurrence of penetration
discharge is apt to become low as compared with the
case where the hole position LC is located on the forward
direction D1 side. Accordingly, the difference in light in-
tensity between penetration discharge and creeping dis-
charge is apt to become large. For the above-described
reason, it is presumed that a good detection ratio is re-
alized in the case where the hole position LC is located
on the rearward direction D2 side.
[0106] Also, in the case where the hole position LC
was located on the rearward direction D2 side of the for-
ward end 50f of the metallic shell 50, the fifth layout con-
figuration FE was able to realize a better detection ratio
as compared with the first layout configuration FA. Pre-
sumably, the reason for this is as follows. Namely, since
penetration discharge hides behind the metallic shell 50
when viewed from the side sensors 302, it is difficult for
the side sensors 302 to receive light produced as a result
of occurrence of penetration discharge. In contrast, since
creeping discharge passes through the forward direction
D1 side of the forward end 50f of the metallic shell 50,
the side sensors 302 can receive light produced as a
result of occurrence of creeping discharge. Accordingly,
the difference in light intensity between penetration dis-
charge and creeping discharge is relatively large. As a
result, the fifth layout configuration FE using two side
sensors 302 can realize a good detection ratio. In partic-
ular, since the inter-sensor angle of the fifth layout con-
figuration FE is 180 degrees, a dead spot of the surface
10o of the insulator 10 is small. Accordingly, a good de-
tection ratio can be realized easily. In contrast, the front
sensor 301 can receive both the light produced as a result
of occurrence of penetration discharge and the light pro-
duced as a result of occurrence of creeping discharge.
Accordingly, the difference in light intensity between pen-
etration discharge and creeping discharge is relatively
small. As a result, the detection ratio of the first layout
configuration FA which uses the front sensor 301 without
using the side sensors 302 can become lower than the
detection ratio of the fifth layout configuration FE.
[0107] Notably, in general, it is presumed that the

greater the total number of optical sensors disposed at
different positions, the greater the degree to which the
detection ratio can be improved.

F. Position of the front sensor 301:

[0108] Various positions within a range within which
the light receiving surface of the front sensor 301 inter-
sects with the center axis CL can be employed as the
position of the front sensor 301. In order to improve the
accuracy of the judgment as to whether or not a pene-
tration discharge has occurred, it is preferred to employ
a position at which the front sensor 301 can view the
entire circumference of the surface 10o of the insulator
10 surrounding the center axis CL. Also, a more preferred
position will be described with reference to FIGS. 13 and
14.
[0109] FIG. 13 is a schematic view of the forward end
portion of the assembly 100x as viewed from a position
on the center axis CL. In FIG. 13, the ceramic insulator
10, the center electrode 20, and the metallic shell 50 are
shown, and the ground electrode 30x is not shown. As
shown in FIG. 13, the ceramic insulator 10, the center
electrode 20, and the metallic shell 50 are observed to
form concentric circles whose centers coincide with the
center axis CL. In FIG. 13, contours 109 and 509 are
shown by thick lines. The contour 109 is the outer contour
of a region in which the insulator 10 is observed (here-
inafter referred to as the "insulator contour 109"). The
contour 509 is the inner contour of the forward end 50f
of the metallic shell 50 (hereinafter referred to as the
"shell contour 509").
[0110] In FIG. 5, the positions of the contours 109 and
509 on the cross section are shown. As shown in FIG.
5, the insulator contour 109 corresponds to a position in
the vicinity of the end of the space Sf on the rearward
direction D2 side (here, a position in the vicinity of the
end of the inner-diameter increasing portion 57 of the
metallic shell 50, the end being located on the rearward
direction D2 side). The shell contour 509 corresponds to
the edge of the forward end 50f on the inner side in the
radial direction. As shown in FIG. 13, the insulator contour
109 and the shell contour 509 can be viewed in a mutually
separated state over the entire circumference surround-
ing the center axis CL. The space Sf is formed between
the insulator contour 109 and the shell contour 509.
Namely, from a position on the center axis CL, the space
Sf can be observed over the entire circumference sur-
rounding the center axis CL. Also, from a position on the
center axis CL, substantially the entirety of an exposed
portion of the surface 10o of the insulator 10; i.e., sub-
stantially the entirety of a portion of the surface 10o of
the insulator 10 on the forward direction D1 side of the
forward-end-side packing 8, can be observed. Accord-
ingly, from a position on the center axis CL, it is possible
to observe discharge generated at an arbitrary position
on the surface 10o of a portion of the insulator 10, the
portion being located on the forward direction D1 side of
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the forward-end-side packing 8. Accordingly, the accu-
racy of the judgment as to whether or not a penetration
discharge has occurred can be improved by disposing
the optical sensor 300 at a position from which the insu-
lator contour 109 and the shell contour 509 can be viewed
in a mutually separated state over the entire circumfer-
ence surrounding the center axis CL.
[0111] FIG. 14 is a schematic view of the forward end
portion of the assembly 100x as viewed from a position
slightly deviated from the center axis CL. Unlike the ex-
ample of FIG. 13, the insulator 10, the center electrode
20, and the metallic shell 50 are observed to be inclined.
The contour 109x indicated by a thick line is the outer
contour of the region where the insulator 10 is observed
(hereinafter referred to as the "insulator contour 109x").
As shown in FIG. 14, a portion of the shell contour 509
hides behind the insulator 10. Namely, the insulator con-
tour 109x is in contact with the shell contour 509. In this
case, a portion of the space Sf hides behind the insulator
10 and cannot be observed. Namely, a portion of the
surface 10o of the insulator 10 cannot be observed. Ac-
cordingly, in the case where a discharge occurs on a
hidden portion of the surface 10o of the insulator 10, there
is a possibility that a correct judgment cannot be per-
formed.
[0112] For the above-described reasons, in the case
where the forward end portion of the assembly 100x is
observed from the front sensor 301, it is preferred that a
position from which the insulator contour and the shell
contour 509 can be viewed in a mutually separated state
over the entire circumference surrounding the center axis
CL be employed as the position of the front sensor 301.
This improves the accuracy of the judgment as to whether
or not a penetration discharge has occurred. In particular,
in the case where the forward end portion of the assembly
100x is observed from a position at the center of the un-
illustrated light receiving surface of the front sensor 301,
it is preferred to employ a position at which the insulator
contour and the shell contour 509 can be viewed in a
mutually separated state. This further improves the ac-
curacy of the judgment. Notably, as the center of the light
receiving surface, there can be employed the position of
the center of gravity determined under the assumption
that the mass is uniformly distributed within the light re-
ceiving surface.

G. Modifications:

[0113]

(1) The method of adjusting the measurement wave-
length range to a preferred range is not limited to a
method of employing an optical sensor which real-
izes the preferred measurement wavelength range,
and other various methods can be employed. For
example, an optical filter which allows passage of
light within the preferred measurement wavelength
range and blocks light outside the preferred meas-

urement wavelength range may be disposed be-
tween the assembly 100x and the light receiving sur-
face of the optical sensor.
(2) The direction of each side sensor 302 is not lim-
ited to the direction orthogonal to the center axis CL,
and may be a direction obliquely intersecting with
the center axis CL. In either case, it is preferred to
employ, as the position and direction of each side
sensor 302, a position and a direction which allow
observation of the surface 10o of the forward end
portion of the insulator 10.
(3) The method of manufacturing the spark plug 100
is not limited to the method of FIG. 2, and various
other methods can be employed. For example, the
judgment as to whether or not a discharge has oc-
curred may be made on the basis of a change in
current rather than a change in voltage. Also, the
insulation performance of the insulator 10 may be
tested under a condition under which discharge oc-
curs at all times upon application of voltage. In this
case, the steps S125 and S130 of FIG. 2 may be
omitted. Also, the differentiating circuit 420 of FIG.
3 may be omitted.
In the step (FIG. 2: S100) of forming the assembly
100x, the order of assembly of the insulator 10, the
center electrode 20, the metallic shell 50 may be
changed freely. For example, the center electrode
20 may be attached to the insulator 10 after attach-
ment of the metallic shell 50 to the insulator 10. Also,
the step of joining the ground electrode 30x to the
metallic shell 50 may be performed in an arbitrary
stage. For example, the ground electrode 30 may be
joined to the metallic shell 50 after completion of the
test for testing the insulation performance of the in-
sulator 10 (for example, between the steps S140 and
S150 of FIG. 2).
The structure of the testing apparatus for testing the
insulation performance of the insulator 10 is not lim-
ited to the structure shown in FIG. 3, and an arbitrary
structure which can realize the above-described test
method can be employed. For example, instead of
the AD converter 510, there may be employed a dis-
criminator circuit which judges whether or not the
strength of the signal from the optical sensor 300 is
equal to or less than a predetermined threshold.
(4) The structure of the spark plug is not limited to
the structure described with reference to FIG. 1, and
various structures can be employed. For example,
a noble metal tip may be provided on a portion of the
center electrode 20 which forms the gap g. Also, a
noble metal tip may be provided on a portion of the
ground electrode 30 which forms the gap g. An alloy
containing a noble metal such as iridium or platinum
may be employed as a material for forming the noble
metal tip.

[0114] Also, in the structure of FIG. 1, the distal end
portion 31 of the ground electrode 30 faces the forward
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end surface 20s1 of the center electrode 20, which sur-
face faces toward the forward direction D1 side, to there-
by form the gap g. Alternatively, the distal end portion of
the ground electrode 30 may face the outer circumferen-
tial surface of the center electrode 20 to thereby form a
gap. Also, another conductor may be disposed between
the ground electrode 30 and the metallic shell 50. In this
case as well, the ground electrode 30 is electrically con-
nected to the metallic shell 50 through the conductor.
[0115] Although the present invention has been de-
scribed on the basis of an embodiment and modifications
thereof, the embodiment of the present invention is pro-
vided for facilitating an understanding of the present in-
vention and does not limit the scope of the present in-
vention. The present invention may be changed and im-
proved without departing from the scope of the present
invention, and encompasses equivalents thereof.

[Description of Reference Numerals and Symbols]

[0116] 5 ... gasket, 6 ... first rear-end-side packing, 7 ...
second rear-end-side packing, 8 ... forward-end-side
packing, 9 ... talc, 10 ... insulator (ceramic insulator),
10o ... surface, 11 ... second outer-diameter decreasing
portion, 12 ... axial hole (through hole), 13 ... leg portion,
15 ... first outer-diameter decreasing portion, 15L ...
straight portion, 16 ... inner-diameter decreasing portion,
17 ... forward-end-side trunk portion, 17L ... straight por-
tion, 18 ... rear-end-side trunk portion, 19... flange por-
tion, 20 ... center electrode, 20s1 ... forward end surface,
21 ... electrode base member, 22 ... core, 23 ... head por-
tion, 24 ... flange portion, 25 ... leg portion, 30 ... ground
electrode, 30x ... ground electrode, 31 ... distal end por-
tion, 35 ... base member, 36 ... core, 40 ... metallic ter-
minal, 41 ... cap attachment portion, 42 ... flange portion,
43 ... leg portion, 50 ... metallic shell, 50f ... forward end,
50i ... inner circumferential surface, 51 ... tool engage-
ment portion, 52 ... screw portion, 53 ... crimp portion,
54 ... seat portion, 55 ... trunk portion, 56 ... inner-diam-
eter decreasing portion, 57 ... inner-diameter increasing
portion, 58 ... deformable portion, 59 ... through hole,
60 ... first seal portion, 70 ... resistor, 80 ... second seal
portion, 100 ... spark plug, 100x ... assembly, 101 ... for-
ward end surface, 109, 109x ... insulator contour, 131 ...
through hole, 157 ... boundary, 200 ... test bench, 210 ...
container, 212 ... attachment hole, 214 ... accommoda-
tion chamber, 216 ... opening, 220 ... window member,
230 ... window frame, 300 ... optical sensor, 301 ... front
sensor, 302 ... side sensor, 400 ... power supply appa-
ratus, 410 ... voltage application circuit, 420 ... differen-
tiating circuit, 431, 432 ... high voltage cable, 500 ...
processing apparatus, 509 ... shell contour, 520 ... data
processing section, 567 ... projection, 900 ... testing ap-
paratus, g ... gap, CL ... axial line (center axis)

Claims

1. A method of manufacturing a spark plug (100) which
includes a center electrode (20) extending in an axial
direction (D1, D2); an insulator (10) having an axial
hole (12) which extends in the axial direction (D1,
D2) and in which the center electrode (20) is dis-
posed; a metallic shell (50) disposed around the in-
sulator (10); and a ground electrode (30) electrically
connected to the metallic shell (50) and forming a
gap (g) between the ground electrode (30) and the
center electrode (20), the method being character-
ized by comprising:

an assembly step (S100) of forming an assem-
bly (100x) by combining the metallic shell (50),
the insulator (10), and the center electrode (20);
an application step (S110) of applying a voltage
between the metallic shell (50) and the center
electrode (20) of the assembly (100x); and
a judgment step (S120, S140) of judging, in a
period during which the voltage is applied,
whether or not a discharge penetrating the in-
sulator (10) has occurred, by using an output
value output from an optical sensor (300) direct-
ed toward a forward end portion of the assembly
(100x).

2. A manufacturing method according to claim 1,
wherein
the insulator (10) has an outer-diameter decreasing
portion (15) where the outer diameter of the insulator
(10) decreases toward the forward end side (D1) in
the axial direction (D1, D2), and a large diameter
portion (17) provided on the rear end side (D2) of
the outer-diameter decreasing portion (15);
the metallic shell (50) has an inner-diameter de-
creasing portion (56) where the inner diameter of the
metallic shell (50) decreases toward the forward end
side (D1) in the axial direction (D1, D2);
the assembly (100x) has a packing (8) sandwiched
between the outer-diameter decreasing portion (15)
and the inner-diameter decreasing portion (56);
a length of the insulator (10), measured in parallel
to the axial direction (D1, D2), between a forward
end (50f) of the metallic shell (50) and a boundary
(157) between the large diameter portion (17) and
the outer-diameter decreasing portion (15) falls with-
in a range of 5 mm to 13 mm; and
in the judgment step (S120, S140), the output value
output by using a wavelength band of 320 nm or
greater is used.

3. A manufacturing method according to claim 1 or 2,
wherein
in the judgment step (S120, S140), a plurality of op-
tical sensors (301, 302) are used, the plurality of op-
tical sensors including a front sensor (301) which is
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an optical sensor (300) located on the center axis
(CL) of the assembly (100x) and directed toward the
forward end portion of the assembly (100x), and a
side sensor (302) which is an optical sensor (300)
located at a position separated from the center axis
(CL) of the assembly (100x) and directed toward the
forward end portion of the assembly (100x).

4. A manufacturing method according to any one of
claims 1 to 3, wherein
in the judgment step (S120, S140), a plurality of op-
tical sensors (300) are used, the plurality of optical
sensors including first and second side sensors
(302) which are optical sensors (300) located at po-
sitions separated from the center axis (CL) of the
assembly (100x) and directed toward the forward
end portion of the assembly (100x); and
an angle between a direction from the center axis
(CL) toward the first side sensor (302) and a direction
from the center axis (CL) toward the second side
sensor (302) is equal to or greater than 120 degrees
(layout configurations FE, FF, FI, FK).

5. A manufacturing method according to any one of
claims 1 to 4, wherein
in the judgment step (S120, S140), a front sensor
(301) located on the center axis (CL) of the assembly
(100x) and directed toward the forward end portion
of the assembly (100x) is used as the optical sensor
(300);
in the forward end portion of the assembly (100x),
an annular space (Sf) is formed between the metallic
shell (50) and the insulator (10), the space (Sf) hav-
ing a center coinciding with the center axis (CL) and
being open toward the forward end side; and
the front sensor (301) is disposed at a position at
which an inner contour (509) of the forward end (50f)
of the metallic shell (50) and an outer contour (109)
of the insulator (10) can be viewed separately from
each other.

6. A manufacturing method according to any one of
claims 1 to 5, wherein
in the judgment step (S120, S140), a side sensor
(302) located at a position separated from the center
axis (CL) of the assembly (100x) and directed toward
the forward end portion of the assembly (100x) is
used as the optical sensor (300); and
as viewed from the center axis (CL) of the assembly
(100x), the side sensor (302) is disposed in a direc-
tion different from a direction in which the ground
electrode 30 is disposed (layout configurations FB,
FC, FE to FK).

7. A manufacturing method according to any one of
claims 1 to 6, further comprising:

a step (S150) of bending the ground electrode

(30) to thereby form the gap (g) between the
ground electrode (30) and the center electrode
(20) in the case where it is judged in the judg-
ment step (S120, S140) that a discharge pene-
trating the insulator (10) has not occurred (S140:
No).

8. A manufacturing method according to any one of
claims 1 to 7, wherein conditions for judging, in the
judgment step (S120, S140), that a discharge pen-
etrating the insulator (10) has occurred include a
condition that the output value indicates that bright-
ness is equal to or less than a predetermined thresh-
old (S140, FIG. 9: conditions J1 to J3).
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