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(57)  [Objective] To provide a glow plug whose ce-
ramic heater is unlikely to crack and which is high in re-
liability and to provide a method of manufacturing such
a glow plug. [Means for Solution] A glow plug 1 includes
a metallic shell 10, a ceramic heater 20 held on the for-
ward end side GS of the metallic shell 10, a center rod
member 40 formed of a metal, inserted into the metallic
shell 10, and extending in an axial direction HJ; and a
connection member 50 connecting a heater rear end por-
tion 25 and a center rod forward end portion 41. A center
rod trunk portion 43 of the center rod member 40 located
between the center rod forward end portion 41 and a
center rod rear end portion 45 has a plurality of runout
correction portions 43f having corrected the circular ru-
nout of a trunk forward end portion 43s in relation to a
trunk rear end portion 43k serving as a reference. The
runout correction portions 43f are spaced from one an-
other in the axial direction HJ.
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Description
[Technical Field]

[0001] The present invention relates to a glow plug
used to assist startup of a diesel engine, and to a method
of manufacturing the same.

[Background Art]

[0002] Aconventionally known glow plugused to assist
startup of a diesel engine includes a tubular metallic shell
having an axial hole, a rod-shaped ceramic heater held
on the forward end side of the metallic shell, a center rod
member formed of a metal and inserted into the axial
hole of the metallic shell, and a connection member con-
necting a rear end portion of the ceramic heater and a
forward end portion of the center rod member. Such a
glow plug is disclosed in, for example, Patent Document
1 (see FIG. 1, its description, etc. in Patent Document 1).

[Prior Art Document]
[Patent Document]

[0003] [Patent Document 1] Japanese Patent Applica-
tion Laid-Open (kokai) No. H10-185192

[Summary of the Invention]
[Problems to be Solved by the Invention]

[0004] Of the components of the glow plug, the center
rod member may be formed by cutting or turning a trunk
portion of the center rod member such that the outer di-
ameter of the trunk portion becomes smaller than those
of forward and rear end portions of the center rod mem-
ber. In such a center rod member, the rigidity (bending
rigidity in the radial direction orthogonal to the axial di-
rection) of the trunk portion of the center rod member can
be lowered. Therefore, even in the case where a glow
plug is assembled using a center rod member which is
large in terms of the circular runout of a forward end por-
tion thereof in relation to a rear end portion thereof (here-
inafter also referred to as the "runout of the center rod
member" for simplicity) (which is large in coaxiality), the
bending stress acting on the ceramic heater can be re-
duced. Namely, since the ceramic heater is held on the
forward end side of the metallic shell and is connected
to the center rod member through the connection mem-
ber, if the runout of the center rod member is large, the
bending stress acting on the ceramic heater becomes
large. However, since this bending stress is absorbed as
a result of bending of the trunk portion of the center rod
member which is low in rigidity, the bending stress acting
on the ceramic heater can be reduced.

[0005] In contrast, a center rod member formed such
that its trunk portion has a fixed diameter over the entire
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length in the axial direction is advantageous in that it is
unnecessary to perform cutting operation on the trunk
portion of the center rod member. However, since the
trunk portion of the center rod member has no portion
where rigidity is low, the trunk portion of the center rod
member does not easily bend as a whole. Therefore, in
the case where a glow plug is assembled using a center
rod member which is large in runout, a larger bending
stress acts on the ceramic heater. In particular, in the
case where the center rod member is formed from a wire
rod obtained by cutting a coiled material, since the wire
rod often has a curved shape from the beginning, the
center rod member tends to have a large degree of ru-
nout. Accordingly, when a glow plug is assembled using
such a center rod member, the bending stress acting on
the ceramic heater tends to become large. When the
bending stress acting on the ceramic heater is large, the
ceramic heater may crack.

[0006] The present invention has been made under
such circumstances, and its object is to provide a glow
plug whose ceramic heater is unlikely to crack and which
is high in reliability and to provide a method of manufac-
turing such a glow plug.

[Means for Solving the Problems]

[0007] One mode of the present invention for solving
the above-described problems is a glow plug comprising
atubular metallic shell having an axial hole; a rod-shaped
ceramic heater held on a forward end side of the metallic
shell; a center rod member formed of a metal, inserted
into the axial hole of the metallic shell, and extending in
an axial direction; and a connection member which con-
nects together a rear end portion of the ceramic heater
and a forward end portion of the center rod member. In
the glow plug, a trunk portion of the center rod member
located between the forward end portion and a rear end
portion of the center rod member has a plurality of runout
correction portions having corrected the circular runout
of the forward end portion of the trunk portion in relation
to the rear end portion of the trunk portion serving as a
reference, the runout correction portions being spaced
from one another in the axial direction.

[0008] In this glow plug, the trunk portion of the center
rod member has a plurality of runout correction portions
for correcting the circular runout of the forward end por-
tion of the trunk portion in relation to the rear end portion
of the trunk portion serving as a reference (hereinafter
also referred to as the "runout of the trunk portion of the
center rod member" for simplicity). The runout correction
portions are spaced from one another in the axial direc-
tion. Namely, the runout of the trunk portion of the center
rod member is suppressed (the coaxiality of the axis of
the forward end portion of the trunk portion in relation to
the axis of the rear end portion of the trunk portion serving
as a reference axis is made smaller), as compared with
the case where the runout correction portions are not
provided on the trunk portion of the center rod member.
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Therefore, even when the entirety of the center rod mem-
ber, including the forward and rear end portions thereof,
is viewed, the runout of the center rod member (the cir-
cular runout of the forward end portion of the center rod
member in relation to the rear end portion of the center
rod member serving as a reference) is suppressed (the
coaxiality of the axis of the forward end portion of the
center rod member in relation to the axis of the rear end
portion of the center rod member serving as a reference
axis is made smaller). Accordingly, the glow plug in which
this center rod member is used can reduce the bending
stress acting on the ceramic heater held on the forward
end side of the metallic shell and connected to the center
rod member through the connection member. Therefore,
the glow plug is unlikely to suffer cracking of the ceramic
heater and is high in reliability.

[0009] Notably,anexampleofthe "centerrod member"
is a center rod member which is formed from a wire rod
obtained by cutting a coiled material, whose forward and
rear end portions have been subjected to predetermined
machining operations, and which has a plurality of runout
correction portions formed on a trunk portion thereof. An-
other example of the "center rod member" is a center rod
member which is formed by cutting work and which has
a plurality of runout correction portions formed on a trunk
portion thereof.

[0010] The "trunk portion of the center rod member" is
a portion of the center rod member located between the
forward and rear end portions thereof.

[0011] The "runout correction portions" are portions of
the trunk portion of the center rod member in the axial
direction formed to decrease the "runout of the trunk por-
tion of the center rod member," as compared with the
case where the "runout correction portions" are not pro-
vided. Specifically, each runout correction portion con-
nects itself with a "non-correction portion" located adja-
cent thereto such that the axis of the runout correction
portion and the axis of the non-correction portion located
adjacent thereto obliquely intersect with each other, or
connects together "non-correction portions" located ad-
jacent to the runout correction portion such that the axes
of the "non-correction portions" obliquely intersect with
each other. Thus, the runout correction portions de-
crease the runout of the trunk portion of the center rod
member.

[0012] Preferably, each of the "runout correction por-
tions" is formed by plastically deforming a portion of the
trunk portion of the center rod member in the axial direc-
tion in a state in which the runouts of the forward and
rear end portions of the trunk portion are restricted. An
example of a method of plastically deforming a portion
of the trunk portion of the center rod member in the axial
direction is form rolling. Also, form rolling or the like op-
eration which causes plastic deformation may be per-
formed on a portion of the trunk portion of the center rod
member in the axial direction over the entire circumfer-
ence thereof or at a plurality of locations in the circum-
ferential direction. Notably, in the case where the oper-
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ation which causes plastic deformation is performed at
a plurality of locations in the circumferential direction, it
is preferred that the operation be performed at equal in-
tervals in the circumferential direction.

[0013] An example of the "runout correction portions"
is a diameter reduced portion which is a portion of the
trunk portion of the center rod member in the axial direc-
tion and whose diameter is reduced by plastic deforma-
tion over the entire circumference as a result of pressing
from the radially outer side toward the radially inner side.
Another example of the "runout correction portions" is a
rolled knurl portion which is a portion of the trunk portion
of the center rod member and which has a knurl formed
over the entire circumference by plastic deformation
caused by form rolling. Examples of the knurl include a
crisscross or diamond knurl, a longitudinal straight knurl
formed such that ridge portions extend along the axial
direction, and a lateral straight knurl formed such that
ridge portions extend perpendicularly to the axial direc-
tion. Another example of the "runout correction portions"
is a male screw portion which is a portion of the trunk
portion of the center rod member in the axial direction
and which has a male screw formed over the entire cir-
cumference by plastic deformation caused by form roll-
ing.

[0014] The "runout correction portions" may be ren-
dered identical with one another or different from one
another in terms of the axial dimension and the cross
sectional shape (the shape of a cross section orthogonal
to the axial direction).

[0015] The "non-correction portions" which are por-
tions of the trunk portion of the center rod member re-
maining after exclusion of the runout correction portions
may be rendered identical with one another or different
from one another in terms of the axial dimension and the
cross sectional shape (the shape of a cross section or-
thogonal to the axial direction).

[0016] The "forward end portion of the center rod mem-
ber" is a portion which is located on the forward end side
of the trunk portion of the center rod member and which
is connected to the connection member, and preferably
has a form suitable for connection with the connection
member. For example, in the case where a tubular con-
nection ring is used as the connection member, the for-
ward end portion of the center rod member has a fitting
portion which is fitted into the connection ring and has a
small diameter, and a larger diameter portion whose di-
ameteris greater than that of the fitting portion and comes
into contact with the connection ring when the fitting por-
tionis inserted into the connection ring to thereby position
the center rod member.

[0017] The "rearend portion of the center rod member"
is a portion located on the rear end side of the trunk por-
tion of the center rod member. The rear end portion of
the center rod member may serve a terminal portion used
for connection with an external circuit, or a terminal mem-
ber may be fitted onto the rear end portion of the center
rod member.
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[0018] Anexample of the "ceramic heater"is a ceramic
heater which is composed of a substrate formed of an
insulating ceramic and a heat-generation resistor formed
of an electrically conductive ceramic and united with the
substrate. Specifically, the ceramic heater may be con-
figured such that the heat-generation resistor formed of
an electrically conductive ceramic is embedded in the
substrate formed of an insulating ceramic, or may be con-
figured such that the heat-generation resistor is exposed
to the exterior of the substrate.

[0019] An example of the "connection member" is a
tubular member which is fitted, on the forward end side
thereof, onto the rear end portion of the ceramic heater
and is connected to the ceramic heater and which s fitted,
on the rear end side thereof, onto the forward end portion
of the center rod member and is connected to the center
rod member.

[0020] The "metallic shell" holds the ceramic heater
directly or indirectly. For example, the ceramic heater is
directly held by the forward end portion of the metallic
shell by means of brazing. Alternatively, the ceramic
heater is indirectly held by the forward end portion of the
metallic shell via a tubular member. Specifically, the ce-
ramic heater is inserted into a tubular member such that
a portion of the ceramic heater is connected to the tubular
member, and this tubular member is press-fitted into the
axial hole of the metallic shell, whereby the tubular mem-
ber is connected to the forward end portion of the metallic
shell.

[0021] In the above-described glow plug, preferably,
the runout correction portions are diameter reduced por-
tions which are portions of the trunk portion of the center
rod member in the axial direction and which are de-
creased in diameter over the entire circumference.
[0022] Since the runout correction portions are diam-
eterreduced portions reduced in diameter over the entire
circumference as described above, bending of the trunk
portion of the center rod member in any direction can be
corrected. Therefore, the runout of the trunk portion of
the center rod member can be suppressed reliably. Ac-
cordingly, the glow plug in which the center rod member
is used can reliably decrease the bending stress acting
on the ceramic heater, and is unlikely to suffer cracking
of the ceramic heater.

[0023] Notably, the "diameter reduced portion" may be
formed such that its cross section concaved radially in-
ward has a rectangular shape (squarish C-like shape), a
V-like shape, or a U-like shape. An example of a method
of forming the diameter reduced portion through diameter
reduction is form rolling.

[0024] In the above-described glow plug, preferably,
the runout correction portions are rolled knurl portions
which are portions of the trunk portion of the center rod
member in the axial direction and each of which has a
knurl formed over the entire circumference by form roll-
ing.

[0025] By providing, as the runout correction portions,
rolled knurl portions on which the knurls are formed over
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the entire circumference by form rolling as described
above, bending of the trunk portion of the center rod
member in any direction can be corrected. Therefore, the
runout of the trunk portion of the center rod member (con-
sequently, the runout of the center rod member) can be
suppressed without fail. Accordingly, the glow plug using
the center rod member can reduce the bending stress
acting on the ceramic heater without fail, and is unlikely
to suffer cracking of the ceramic heater.

[0026] In the above-described glow plug, preferably,
the trunk portion of the center rod member has at least
one runout correction portion on each of forward and rear
end sides of the center thereof in the axial direction.
[0027] By providing the runout correction portion(s) on
each ofthe forward and rear end sides of the trunk portion
of the center rod member as described above, the runout
can be corrected on both of the forward and rear end
sides of the trunk portion of the center rod member.
Therefore, itis possible to effectively suppress the runout
of the trunk portion of the center rod member (conse-
quently, the runout of the center rod member). Accord-
ingly, the glow plug using the center rod member can
reduce the bending stress acting on the ceramic heater
without fail, and is unlikely to suffer cracking of the ce-
ramic heater.

[0028] In the above-described glow plug, preferably,
the dimensions of the runout correction portions in the
axial direction are rendered equal to one another, and
the runout correction portions are formed at equal inter-
vals in the axial direction.

[0029] By rendering the dimensions of the runout cor-
rection portions in the axial direction equalto one another,
and providing the runout correction portions at equal in-
tervals in the axial direction as described above, the ru-
nout of the trunk portion of the center rod member can
be corrected by each of the runout correction portions
having the same dimension and provided at equal inter-
vals. Therefore, it is possible to correct the bending of
the entire trunk portion of the center rod member without
fail to thereby suppress the runout of the trunk portion of
the center rod member (consequently, the runout of the
center rod member) without fail. Accordingly, the glow
plug using the center rod member can reduce the bending
stress acting on the ceramic heater without fail, and is
unlikely to suffer cracking of the ceramic heater.

[0030] In the above-described glow plug, preferably,
the sum of the dimensions of the runout correction por-
tions in the axial direction is smaller than the sum of the
dimensions of non-correction portions which are portions
of the trunk portion remaining after exclusion of the runout
correction portions.

[0031] Inthe case where the sum of the dimensions of
the runout correction portions in the axial direction is ex-
cessively large, alarge force is required to formthe runout
correction portions on the trunk portion of the center rod
member. Therefore, a large apparatus is needed, and
cost increases. Accordingly, the glow plug tends to be-
come expensive. In contrast, in this glow plug, the sum
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of the dimensions of the runout correction portions in the
axial direction is made smaller than the sum of the di-
mensions of the non-correction portions in the axial di-
rection. Therefore, the force required to form the runout
correction portions on the trunk portion of the center rod
member can be decreased, whereby cost can be low-
ered. Accordingly, the glow plug can be rendered inex-
pensive.

[0032] In the above-described glow plug, preferably,
the center rod member is formed from a wire rod obtained
by cutting a coiled material having a diameter equal to a
diameter of the non-correction portions which are por-
tions of the trunk portion remaining after exclusion of the
runout correction portions, and the runout correction por-
tions are formed on the wire rod.

[0033] Asdescribed above, inthe case where the cent-
er rod member is formed from a wire rod obtained by
cutting a coiled material, since the wire rod often has a
curved shape from the beginning, the trunk portion of the
center rod member tends to have a large degree of ru-
nout, and the center rod member tends to have a large
degree of runout. However, in this glow plug, since a
plurality of runout correction portions are provided on the
trunk portion of the center rod member such that they are
spaced from one another in the axial direction, the runout
of the trunk portion of the center rod member (conse-
quently, the runout of the center rod member) can be
suppressed. Accordingly, this glow plug can properly de-
creases the bending stress acting on the ceramic heater
and is unlikely to suffer cracking of the ceramic heater
despite that a wire rod obtained by cutting a coiled ma-
terial is used as the material of the center rod member.
[0034] Another mode of the present invention is a
method of manufacturing a glow plug comprising a tubu-
lar metallic shell having an axial hole; a rod-shaped ce-
ramic heater held on a forward end side of the metallic
shell; a center rod member formed of a metal, inserted
into the axial hole of the metallic shell, and extending in
an axial direction; and a connection member which con-
nects together a rear end portion of the ceramic heater
and a forward end portion of the center rod member,
wherein a trunk portion of the center rod member located
between the forward end portion and a rear end portion
of the center rod member has a plurality of runout cor-
rection portions having corrected the circular runout of
the forward end portion of the trunk portion in relation to
the rear end portion of the trunk portion serving as a ref-
erence, the runout correction portions being spaced from
one another in the axial direction. The method comprises
a correction portion forming step in which a wire rod ob-
tained by cutting a coiled material having a diameter
equal to a diameter of the non-correction portions which
are portions of the trunk portion remaining after exclusion
of the runout correction portions is used, the trunk portion
of the center rod member is held and pressed by a pair
of rolling dies having a plurality of ridges disposed in a
stripe pattern atintervals corresponding to the runout cor-
rection portions, and the pair of rolling dies are relatively
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moved in opposite directions in a direction in which the
ridges extend so as to rotate the trunk portion and de-
crease the diameters of portions of the trunk portion over
the entire circumference by pressing by the ridges to
thereby form the plurality of runout correction portions;
and an assembly step of assembling the glow plug by
using the center rod member having the runout correction
portions formed thereon.

[0035] In the method of manufacturing a glow plug,
since the correction portion forming step is performed as
described above, the center rod trunk portion and the
center rod member whose runouts have been effectively
corrected can be formed easily without fail, as compared
with the case where the runout correction portions are
not provided on the trunk portion of the center rod mem-
ber. Accordingly, when the glow plug is assembled using
such a center rod member (in an assembly step), it be-
comes possible to manufacture a glow plug which can
reduce the bending stress acting on the ceramic heater,
is unlikely to suffer cracking of the ceramic heater, and
is high in reliability.

[Brief Description of the Drawings]
[0036]

[FIG. 1] It is a longitudinal sectional view of a glow
plug according to a first embodiment.

[FIG. 2] It is a longitudinal sectional view showing,
on an enlarged scale, a rear end portion of the glow
plug according to the first embodiment.

[FIG. 3] It relates to the first embodiment and shows
a plan view of a center rod member.

[FIG. 4] It relates to the first embodiment and shows
a partial enlarged plan view of the center rod mem-
ber.

[FIG. 5] It relates to the first embodiment and shows
a cross-sectional view of a runout correction portion
of the center rod member (sectional view taken along
line A-Ain FIG. 4).

[FIG. 6] It is an explanatory view relating to the first
embodiment and showing a rolling die used in a cor-
rection portion forming step.

[FIG. 7] It is an explanatory view relating to the first
embodiment and showing an operation of forming
runout correction portions by using rolling dies in the
correction portion forming step.

[FIG. 8] Itrelates to asecond embodiment and shows
a partial enlarged plan view of a center rod member.
[FIG. 9] It relates to a third embodiment and shows
a partial enlarged plan view of a center rod member.
[FIG. 10] Itrelates to a fourthembodiment and shows
a partial enlarged plan view of a center rod member.
[FIG. 11] It relates to a fifth embodiment and shows
a partial enlarged plan view of a center rod member.
[FIG. 12] It is a longitudinal sectional view showing,
on an enlarged scale, a rear end portion of a glow
plug according to a sixth embodiment.
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[FIG. 13] Graph showing the runouts of the trunk
portions of center rod members of examples and
comparative examples.

[Modes for Carrying out the Invention]

[0037] Embodiments of the present invention will now
be described with reference to the drawings. FIGS. 1 and
2 show a glow plug 1 according to a first embodiment. In
FIGS. 1 and 2, a direction which is parallel to the axis AX
of the glow plug 1 and the axis BX of a center rod member
40 coaxial therewith is defined as an axial direction HJ,
a side (in the axial direction HJ) where a ceramic heater
20 is disposed (the lower side in the drawings) is defined
as a forward end side GS, and the side opposite thereto
(the upper side in the drawings) is defined as a rear end
side GK.

[0038] The glow plug 1 is attached to a combustion
chamber (not shown) of a diesel engine and is used as
a heat source for assisting ignition at the time of startup
of the engine. The glow plug 1 is constituted by a metallic
shell 10, the ceramic heater 20, an outer tube 30, the
center rod member 40, a connection ring (connection
member) 50, a terminal member 60, etc.

[0039] The metallic shell 10 is a tubular member which
is formed of a metal (specifically, carbon steel) and which
has an axial hole 10h extending therethrough in the axial
direction HJ. The metallic shell 10 has a forward end
portion (hereinafter referred to as the shell forward end
portion) 11, a rear end portion (hereinafter referred to as
the shell rear end portion) 15, and a trunk portion (here-
inafter referred to as the shell trunk portion) 13 located
therebetween. A mounting portion 13g is provided on the
rear end side GK of the shell trunk portion 13. The mount-
ing portion 13g has a male screw for attaching the glow
plug 1 to an engine head (not shown) of an internal com-
bustion engine. A tool engagement portion 15¢ having a
hexagonal cross section is provided on the shell rear end
portion 15. When the glow plug 1 is attached to the engine
head, a tool is engaged with the tool engagement portion
15¢. As shown in FIG. 2, the shell rear end portion 15
has a taper portion 15t at its end at which the axial hole
10his opened. The taper portion 15t is tapered such that
the diameter of the axial hole 10h increases toward the
rear end side GK.

[0040] Next, the ceramic heater 20 will be described.
The ceramic heater 20 assumes a rodlike shape, and its
forward end portion (hereinafter referred to as the heater
forward end portion) 21 is formed to have a hemispherical
curved surface. The ceramic heater 20 has the following
structure: a heat-generating resistor 27 formed of elec-
trically conductive ceramic (specifically, silicon-nitride
ceramic which contains tungsten carbide as an electri-
cally conductive component) is embedded in an insulat-
ing substrate 26 formed of insulating ceramic (specifical-
ly, silicon-nitride ceramic).

[0041] The heat-generatingresistor 27 has aheat-gen-
erating portion 27c¢, a pair of lead portions 27d and 27e,
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and a pair of electrode lead-out portions 27f and 27g.
The heat-generating portion 27c is bent to a shape re-
sembling the letter U and is disposed in the heater for-
ward end portion 21. When electrical power is supplied
to the heat-generating portion 27c, it generates heat and
its temperature becomes high. The two lead portions 27d
and 27e are connected to the respective opposite ends
of the heat-generating portion 27c, and extend toward a
rear end portion 25 of the ceramic heater 20 in parallel
to each other (hereinafter referred to as the heater rear
end portion 25). The two electrode lead-out portions 27f
and 27g communicate with the two electrode lead por-
tions 27d and 27e in the heater rear end portion 25, and
are exposed at the outer circumference surface of the
heater rear end portion 25. One electrode lead portion
279 is located on the rear end side GK of the other elec-
trode lead portion 27f.

[0042] Next, the outer tube 30 will be described. The
outer tube 30 is a tubular member formed of a metal
(specifically, stainless steel) and having a tube hole 30h
extending therethrough in the axial direction HJ. The out-
er tube 30 has a trunk portion (hereinafter referred to as
the outer tube trunk portion) 31 located on the forward
end side GS, a fitting portion (hereinafter referred to as
the outer tube fitting portion) 35 located on the rear end
side GK, and a flange portion (hereinafter referred to as
the outer tube flange portion) 33 located therebetween.
The outer tube trunk portion 31 has a cylindrical shape.
The outer tube flange portion 33 has a diameter greater
than that of the outer tube trunk portion 31. The outer
tube fitting portion 35 has a stepped shape for fitting to
the shell forward end portion 11 of the metallic shell 10.
[0043] The ceramic heater 20 is inserted into the tube
hole 30h of the outer tube 30, and is held from the radially
outer side in a state in which the heater forward end por-
tion 21 of the ceramic heater 20 projects toward the for-
ward end side GS, and the heater rear end portion 25
projects toward the rear end side GK. As a result, one
electrode lead-out portion 27f of the ceramic heater 20
is brought into contact with the outer tube 30 and is elec-
trically connected to the outer tube 30. The outer tube
fitting portion 35 of the outer tube 30 is laser-welded to
the shell forward end portion 11 of the metallic shell 10
in a state in which the outer tube fitting portion 35 is fitted
into the shell forward end portion 11. As a result, the
ceramic heater 20 is held on the forward end side GS of
the metallic shell 10 through the outer tube 30.

[0044] Next, the center rod member 40 will be de-
scribed. FIGS. 3 to 5 show the center rod member 40.
The center rod member 40 is a round-rod-shaped mem-
ber formed of a metal (specifically, stainless steel) and
extending in the axial direction HJ (the dimension in the
axial direction HJ is 100 mm). The center rod member
40 is inserted into the axial hole 10h of the metallic shell
10 in a state in which the center rod member 40 is insu-
lated from the metallic shell 10. As will be described later,
the center rod member 40 is formed from a coiled material
having a diameter equal to the diameter Dg of non-cor-
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rection portions 43g of a trunk portion 43 of the center
rod member 40 (hereinafter referred to as the "center rod
trunk portion 43"), which are portions of the center rod
trunk portion 43 remaining after exclusion of runout cor-
rection portions 43f.

[0045] The center rod member 40 has a forward end
portion (hereinafter referred to as the center rod forward
end portion) 41, a rear end portion (hereinafter referred
to as the center rod rear end portion) 45, and a trunk
portion (hereinafter referred to as the center rod trunk
portion) 43 located therebetween. The center rod forward
end portion 41 is a portion connected to a connection
ring 50 to be described later, and is composed of a fitting
portion41s having a small diameter and alarger diameter
portion 41k having a diameter greater than that of the
fitting portion 41s. The center rod rear end portion 45 is
a portion on to which a terminal member 60 to be de-
scribed later is fitted, has a crisscross knurl 45i formed
on the outer circumference thereof (see FIG. 2).

[0046] Next, the center rod trunk portion 43 will be de-
scribed. On the center rod trunk portion 43, a plurality of
(specifically, 10) runout correction portions 43f (43f1 to
43f10) for correcting the circular runout of the trunk for-
ward end portion 43s in relation to the trunk rear end
portion 43k of the center rod trunk portion 43 (reference)
(the runout of the center rod trunk portion 43) are formed
such that they are spaced from one another in the axial
direction HJ. As will be described later, the runout cor-
rection portions 43f are formed by form rolling. The runout
correction portions 43f are portions formed to decrease
the runout of the center rod trunk portion 43, as compared
with the case where the runout correction portions 43f
are not provided. Specifically, each runout correction por-
tion 43f connects itself with a non-correction portion 43g
located adjacent thereto such that the axis of the runout
correction portion 43f and the axis of the non-correction
portion 43g located adjacent thereto obliquely intersect
with each other, or connects together non-correction por-
tions 43g located adjacentto the runout correction portion
43f such that the axes of the non-correction portions 43g
obliquely intersect with each other. Thus, the runout cor-
rection portions 43f decrease the runout of the center rod
trunk portion 43.

[0047] Specifically, each runout correction portion 43f
is a diameter reduced portion which is a portion of the
center rod trunk portion 43 in the axial direction HJ and
has a reduced diameter over the entire circumference.
As viewed on a longitudinal cross section, the diameter
reduced portion (the runout correction portion) 43f forms
approximately rectangular recesses which are concaved
inward. Whereas the diameter Dg of the non-correction
portions 43g of the center rod trunk portion 43 is 2.700
mm, the diameter Df of the runout correction portions
(the diameter reduced portions) 43f is 2.655 mm. The
dimensions Lf of the runout correction portions 43f in the
axial direction HJ are rendered equal to one another (spe-
cifically, Lf = 3.5 mm).

[0048] Therunout correction portions 43f are disposed
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at equal intervals (specifically, intervals of 7.0 mm) such
that the spacing between runout correction portions 43f
adjacent to each other becomes 3.5 mm (such that the
dimension Lg1 of a non-correction portion 43g1 located
between the runout correction portions 43f in the axial
direction HJ becomes 3.5 mm). The runout correction
portions 43f are formed on the entirety of the center rod
trunk portion 43 in the axial direction HJ in a well balanced
manner. Specifically, one runout correction portion 435
is formed at the center HJC of the center rod trunk portion
43 inthe axial direction HJ, four runout correction portions
43f1 to 43f4 are disposed on the forward end side GS of
the center, and five runout correction portions 43f6 to
43f10 are disposed on the rear end side GK of the center.
[0049] The dimension Lg2 (in the axial direction HJ) of
the non-correction portion 43g2 located on the endmost
position on the forward end side GS is 10.0 mm. Mean-
while, the dimension Lg3 (in the axial direction HJ) of the
non-correction portion 43g3 located on the endmost po-
sition on the rear end side GK is 3.0 mm. Accordingly,
the sum Lgt of the dimensions Lg1, Lg2, and Lg3 of the
non-correction portions 43g in the axial direction HJ is
44.5mm (Lgt=3.5X9+10.0+3.0 =44.5 mm). In contrast,
the sum Lft of the dimensions Lf of the runout correction
portions 43f in the axial direction HJ is 35.0 mm (Lft =
3.5X10 = 35.0 mm). Accordingly, the sum Lft of the di-
mensions Lf of the runout correction portions 43f in the
axial direction HJ is smaller than the sum Lgt of the di-
mensions Lg1, Lg2, and Lg3 of the non-correction por-
tions 439 in the axial direction HJ (Lft < Lgt).

[0050] Next, the connection ring 50 will be described.
As shown in FIG. 1, the connection ring 50 is a tubular
member which is formed of ametal (specifically, stainless
steel) and which connects the heater rear end portion 25
of the ceramic heater 20 and the center rod forward end
portion 41 of the center rod member 40. The connection
ring 50 is disposed in the metallic shell 10 such that the
connection ring 50 is spaced from the metallic shell 10.
The heater rear end portion 25 of the ceramic heater 20
is press-fitted into a forward end portion 51 of the con-
nection ring 50 located on the forward end side GS (here-
inafter referred to as the "ring forward end portion 51).
As aresult, the electrode lead-out portion 279 of the ce-
ramic heater 20 is brought into contact with the connec-
tion ring 50, and is electrically connected to the connec-
tion ring 50.

[0051] Meanwhile, the center rod forward end portion
41 of the center rod member 40 is press-fitted into a rear
end portion 55 of the connection ring 50 located on the
rear end side (hereinafter referred to as the "ring rear
end portion 55). Specifically, the fitting portion 41s of the
center rod forward end portion 41 is fitted into the ring
rear end portion 55, and the larger diameter portion 41k
of the center rod forward end portion 41 comes into en-
gagement with the ring rear end portion 55 to thereby
position the connection ring 50. As a result, the ceramic
heater 20 and the center rod member 40 are connected
together through the connection ring 50.
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[0052] Next, the terminal member 60 will be described.
The terminal member 60 is a member formed of a metal,
and is composed of a surrounding portion 61 located on
the forward end portion GS and a terminal portion 65
located on the rear end side GK. The surrounding portion
61 has the shape of a tube with a bottom and has an
opening on the forward end side GS. The surrounding
portion 61 is fitted onto the center rod rear end portion
45 of the center rod member 40 and is fixed to the center
rod rear end portion 45 by means of crimping. As shown
in FIG. 2, a portion (in-hole surrounding portion) 61s of
the surrounding portion 61 located on the forward end
side GS is disposed in the axial hole 10h of the metallic
shell 10. Meanwhile, a portion (out-hole surrounding por-
tion) 61k of the surrounding portion 61 located on the
rear end side GK of the in-hole surrounding portion 61s
is disposed outside the metallic shell 10 (on the rear end
side GK of the metallic shell 10). A step portion 61t is
formed on the outer circumference of the surrounding
portion 61. The terminal portion 65 is a portion onto which
a plug cap (not shown) is fitted when the glow plug 1 is
attached to the engine head and which is used as a power
supply terminal.

[0053] Within the axial hole 10h of the metallic shell
10, an O-ring 71 and aninsulating spacer 73 are disposed
(inacylindrical tubular space) between the shell rear end
portion 15 of the metallic shell 10 and the in-hole sur-
rounding portion 61s of the terminal member 60 in this
order from the forward end side GS. The O-ring 71 is
formed of an insulating elastic rubber (specifically, fluor-
orubber). The O-ring 71 seals the axial hole 10h by es-
tablishing a gastight seal between the shell rear end por-
tion 15 of the metallic shell 10 and the in-hole surrounding
portion 61s of the terminal member 60 while insulating
them from each other.

[0054] Meanwhile, the insulating spacer 73 is a tubular
member formed of an insulating material (specifically,
nylon). The insulating spacer 73 is located on the rear
end side GK of the O-ring 71, and reliably separates the
shell rear end portion 15 of the metallic shell 10 and the
in-hole surrounding portion 61s of the terminal member
60 to thereby prevent formation of a short circuit which
would otherwise occur due to contact therebetween. One
end of the insulating spacer 73 located on the rear end
side GK has a diameter greater than that of the other end
thereof located on the forward end side GS. Therefore,
when the insulating spacer 73 is inserted into the metallic
shell 10 from the rear end side GK, the insulating spacer
73 comes into engagement with the taper portion 15t of
the metallic shell 10, whereby the insertion depth in the
axial direction HJ is limited. Meanwhile, the insulating
spacer 73 is engaged with the step portion 61t of the
terminal member 60. Therefore, the insulating spacer 73
is urged toward the forward end side GS by the terminal
member 60.

[0055] As described above, in the glow plug 1 of the
first embodiment, the center rod trunk portion 43 of the
center rod member 40 has the plurality of runout correc-
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tion portions 43f which are adapted to correct the runout
of the center rod trunk portion 43 and spaced from one
another in the axial direction HJ. Namely, the runout of
the center rod trunk portion 43 is suppressed (the coaxi-
ality of the axis of the trunk forward end portion 43s in
relation to the axis of the trunk rear end portion 43k serv-
ing as a reference axis is made smaller), as compared
with the case where the runout correction portions 43f
are notprovided on the centerrod trunk portion 43. There-
fore, even when the entirety of the center rod member
40, including the center rod forward end portion 41 and
the center rod rear end portion 45, is viewed, the runout
of the center rod member 40 (the circular runout of the
center rod forward end portion 41 in relation to the center
rod rear end portion 45 serving as a reference) is sup-
pressed (the coaxiality of the axis of the center rod for-
ward end portion 41 in relation to the axis of the center
rod rear end portion 45 serving as a reference axis be-
comes smaller). Accordingly, the glow plug 1 in which
this center rod member 40 is used can reduce the bend-
ing stress acting on the ceramic heater 20 held on the
forward end side of the metallic shell 10 and connected
to the center rod member 40 through the connection ring
50. Therefore, the glow plug 1 is unlikely to suffer cracking
of the ceramic heater 20 and is high in reliability.

[0056] In the first embodiment, the runout correction
portions 43f are diameter reduced portions which are por-
tions of the center rod trunk portion 43 in the axial direc-
tion HJ and which are reduced in diameter over the entire
circumference. Since the runout correction portions 43f
are diameter reduced portions reduced in diameter over
the entire circumference, bending of the center rod trunk
portion 43 in any direction can be corrected. Therefore,
the runout of the center rod trunk portion 43 (consequent-
ly, the runout of the center rod member 40) can be sup-
pressed without fail. Accordingly, the glow plug 1 in which
the center rod member 40 is used can reliably decrease
the bending stress acting on the ceramic heater 20 with-
out fail, and is unlikely to suffer cracking of the ceramic
heater 20.

[0057] Inthefirstembodiment, the center rodtrunk por-
tion 43 has a plurality of runout correction portions 43f
on each of the forward end side GS and the rear end side
GK in relation to the center HJC thereof in the axial di-
rection HJ. By providing the runout correction portions
43f on each of the forward end side GS and the rear end
side GK of the center rod trunk portion 43 as described
above, the runout can be corrected on both of the forward
end side GS and the rear end side GK of the center rod
trunk portion 43. Therefore, it is possible to effectively
suppress the runout of the center rod trunk portion 43
(consequently, the runout of the center rod member 40).
[0058] In the first embodiment, the dimensions Lf of
the runout correction portions 43f in the axial direction
HJ are made equal to one another, and the runout cor-
rection portions 43f are formed at equal intervals in the
axial direction HJ. By rendering the dimensions Lf of the
runout correction portions 43f in the axial direction HJ
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equal to one another and providing the runout correction
portions 43f at equal intervals in the axial direction HJ,
the runout of the center rod trunk portion 43 can be cor-
rected by each of the runout correction portions 43f hav-
ing the same dimension and provided at equal intervals.
Therefore, it is possible to correct the bending of the en-
tirety of the center rod trunk portion 43 without fail to
thereby suppress the runout of the center rod trunk por-
tion 43 (consequently, the runout of the center rod mem-
ber 40) without fail.

[0059] In the first embodiment, the sum Lft of the di-
mensions Lf of the plurality of runout correction portions
43f in the axial direction HJ is rendered smaller than the
sum Lgt of the dimensions Lg1, Lg2, and Lg3 of the non-
correction portion 43g in the axial direction HJ. Therefore,
the force required to form the runout correction portions
43f on the center rod trunk portion 43 can be decreased,
whereby cost can be lowered. Accordingly, the glow plug
1 can be made inexpensive.

[0060] In the firstembodiment, as will be described lat-
er, the center rod member 40 is formed by forming the
runout correction portions 43f on a wire rod 40x obtained
by cutting a coiled material whose diameter is equal to
the diameter Dg of the non-correction portions 43g of the
center rod trunk portion 43. In the case where the center
rod member 40 is formed from a wire rod 40x obtained
by cutting a coiled material, the runout of the center rod
trunk portion 43 and the runout of the center rod member
40 tend to become large because the wire rod 40x often
has a curved shape from the beginning. However, in the
first embodiment, since the plurality of runout correction
portions 43f spaced from one another in the axial direc-
tion HJ are provided on the center rod trunk portion 43
of the center rod member 40, the runout of the center rod
trunk portion 43 (consequently, the runout of the center
rod member 40) can be suppressed. Accordingly, the
glow plug 1 can properly decrease the bending stress
acting on the ceramic heater 20 and is unlikely to suffer
cracking of the ceramic heater 20 despite that the wire
rod 40x obtained by cutting a coiled material is used as
the material of the center rod member 40.

[0061] Next, a method of manufacturing the above-de-
scribed glow plug 1 will be described. First, manufacture
of the center rod member 40 will be described. First, a
coiled material having a diameter equal to the diameter
Dg (= 2.700 mm) of the non-correction portions 43g of
the center rod trunk portion 43 is prepared and is cut to
obtain a wire rod 40x having a predetermined dimension
corresponding to the dimension of the center rod member
40. Next, press working is performed on the forward end
side GS of the wire rod 40x (the center rod member 40)
to thereby form the fitting portion 41s and the larger di-
ameter portion 41k on the center rod forward end portion
41. Also, knurling is performed on the rear end side GK
of the wire rod 40x (the center rod member 40) to thereby
form the crisscross knurl 45i on the outer circumference
of the center rod rear end portion 45.

[0062] Next, in a correction portion forming step, the
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plurality of runout correction portions 43f are formed on
the center rod trunk portion 43 of the wire rod 40x (the
center rod member 40) (see FIGS. 6 and 7). This correc-
tion portion forming step is performed by form rolling in
which a pair of rolling dies TD1 and TD2 are used. As
shown in FIG. 6, each rolling die TD1, TD2 is composed
of a plate-shaped portion ta having the shape of a rec-
tangular plate, and a plurality of (specifically, 10) ridges
tb provided on one main face of the plate-shaped portion
ta. The width Wtof each ridge tb is equal to the dimension
Lf of the runout correction portions 43f in the axial direc-
tion HJ (Wt = 3.5 mm). The plurality of ridges tb are dis-
posed in a stripe pattern (in parallel to one another) at
intervals At (= 7.0 mm) equal to the intervals of the runout
correction portions 43f.

[0063] AsshowninFIG.7,when the correction portion
forming step is performed, a portion of the wire rod 40x
(the center rod member 40) corresponding to the trunk
forward end portion 43s of the center rod trunk portion
43 is supported by a support member SB such that the
wire rod 40x can rotate about an axis BX. Next, in a state
in which the center rod trunk portion 43 of the wire rod
40x (the center rod member 40) is held and pressed (from
the left and right sides in FIG. 7) by the two rolling dies
TD1 and TD2, the two rolling dies TD1 and TD2 are rel-
atively moved in opposite directions in the direction in
which the rides tb extend (the direction perpendicular to
the sheet of FIG. 7). Specifically, one rolling die TD1 (on
the right side in FIG. 7) is moved from the front side of
the sheet toward the back side thereof, and the other
rolling die TD2 (on the left side in FIG. 7) is moved from
the back side of the sheet toward the front side thereof.
As a result, the center rod trunk portion 43 is rotated
about the axis BX. As a result of pressing by the ridges
tb, portions of the center rod trunk portion 43 are reduced
in diameter over the entire circumference, whereby the
plurality of runout correction portions 43f are formed on
the centerrod trunk portion 43. Thus, the center rod mem-
ber 40 is completed.

[0064] Next, an assembly step of assembling the glow
plug 1 will be described. First, the ceramic heater 20 and
the connection ring 50 are prepared, and the heater rear
end portion 25 of the ceramic heater 20 is press-fitted
into the ring forward end portion 51 of the connection ring
50. Also, the outer tube 30 is prepared, and the ceramic
heater 20 is press-fitted into the tube hole 30h of the outer
tube 30 such that the heater forward end portion 21
projects from the outer tube 30 toward the forward end
side GS and the heater rear end portion 25 projects from
the outer tube 30 toward the rear end side GK.

[0065] Next, the fitting portion 41s of the center rod
forward end portion 41 of the above-described center rod
member 40 is press-fitted into the ring rear end portion
55 of the connection ring 50, and the larger diameter
portion 41k of the center rod forward end portion 41 is
engaged with the ring rear end portion 55, whereby the
connection ring 50 is positioned. After that, the larger
diameter portion 41k of the center rod member 40 and
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the ring rear end portion 55 of the connection ring 50 are
laser welded together.

[0066] Next, the metallic shell 10 is prepared, and the
center rod member 40 united with the ceramic heater 20,
etc. is inserted into the axial hole 10h of the metallic shell
10 from the forward end side GS. The outer tube fitting
portion 35 of the outer tube 30 is then fitted into the shell
forward end portion 11 of the metallic shell 10, and they
are laser-welded together.

[0067] Next, the terminal member 60, the insulating
spacer 73, and the O-ring 71 are prepared. The insulating
spacer 73 is fitted onto the in-hole surrounding portion
61s of the terminal member 60, and the O-ring 71 is fitted
onto the in-hole surrounding portion 61s to be located on
the forward end side GS of the insulating spacer 73. After
that, the in-hole surrounding portion 61s of the terminal
member 60 is inserted into the axial hole 10h of the me-
tallic shell 10 from the rear end side GK together with the
O-ring 71 and the insulating spacer 73. At that time, the
center rod rear end portion 45 of the center rod member
40 is inserted into the surrounding portion 61 of the ter-
minal member 60. After that, the surrounding portion 61
of the terminal member 60 is crimped whereby the center
rod rear end portion 45 is fixed inside the surrounding
portion 61. As a result, the glow plug 1 is completed.
[0068] As described above, inthe method of manufac-
turing the glow plug 1 of the first embodiment, since the
correction portion forming step is performed as described
above, the center rod trunk portion 43 and the center rod
member 40 whose runouts have been effectively correct-
ed can be formed easily without fail, as compared with
the case where the runout correction portions 43f are not
provided on the center rod trunk portion 43. Accordingly,
when the glow plug 1 is assembled using the center rod
member 40 in the assembly step, it becomes possible to
manufacture the glow plug 1 which can reduce the bend-
ing stress acting on the ceramic heater 20, is unlikely to
suffer cracking of the ceramic heater 20, is high in relia-
bility, and is inexpensive.

(Second through fifth embodiments)

[0069] Next, second through fifth embodiments will be
described (see FIGS. 8 to 11). In glow plugs 201,301,
401, and 501 according to the second through fifth em-
bodiments, the forms of runout correction portions 243f,
343f, 443f, and 543f provided on the center rod trunk
portions 243, 343, 443, and 543 differ from the form of
the runout correction portions 43f according to the first
embodiment. Since other portions are identical to those
of the first embodiment, the portions identical to those of
the first embodiment will not be described or will be de-
scribed only briefly.

[0070] Asinthe case of the first embodiment, the cent-
er rod members 240, 340, 440, and 540 according to the
second through fifth embodiments are formed from a
coiled material having a diameter equal to the diameter
Dg of non-correction portions 243g, 343g, 443g, and
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543g. Meanwhile, the runout correction portions 243f,
343f, 443f, and 54 3f according to the second through fifth
embodiments are rolled knurl portions. Specifically, each
of the center rod members 240, 340, 440, and 540 has
a rolled knurl portion which is a portion (in the axial di-
rection HJ) of the center rod trunk portion 243, 343, 443,
543 between the center rod forward end portion 241, 341,
441, 541 and the center rod rear end portion 245, 345,
445, 545 and which has a knurl 243i, 343i, 443i, 543i
formed over the entire circumference by plastic deforma-
tion caused by form rolling.

[0071] Specifically, the runout correction portion 243f
of the second embodiment (see FIG. 8) is a rolled knurl
portion which has a crisscross or diamond knurl 243i
formed on the outer circumference thereof.

[0072] The runout correction portion 343f of the third
embodiment (see FIG. 9) is a rolled knurl portion which
has a longitudinal straight knurl 343i formed on the outer
circumference thereof such that ridge portions extend
along the axial direction HJ.

[0073] The runout correction portion 44 3f of the fourth
embodiment (see FIG. 10) is a rolled knurl portion which
has a lateral straight knurl 443i formed on the outer cir-
cumference thereof such that ridge portions extend per-
pendicularly to the axial direction HJ.

[0074] The runout correction portion 543f of the fifth
embodiment (see FIG. 11) is a rolled knurl portion which
has an angular knurl 543i formed on the outer circumfer-
ence thereof such that ridge portions extend obliquely in
relation to the axial direction HJ.

[0075] In the second through fifth embodiments as
well, the center rod trunk portion 243, 343, 443, or 543
has the plurality of runout correction portions 24 3f, 343f,
443f, or 543f for correcting the circular runout of the trunk
forward end portion 243s, 343s, 443s, or 543s in relation
to the trunk rear end portion 243k, 343k, 443k, or 543k
which serves as a reference. Therefore, as compared
with the case where the runout correction portions 24 3f,
343f, 443f, and 54 3f are not provided, the runouts of the
center rod trunk portions 243, 343, 443, and 543 are sup-
pressed, and consequently, the runouts of the center rod
members 240, 340, 440, and 540 are suppressed. Ac-
cordingly, the glow plugs 201,301,401, and 501 in which
these center rod members 240, 340, 440, and 540 are
used canreduce the bending stress acting on the ceramic
heater 20, are unlikely to suffer cracking of the ceramic
heater 20, and are high in reliability.

[0076] Moreover, in the second through fifth embodi-
ments, the runout correction portions 243f, 343f, 443f,
and 543f are rolled knurl portions which have the knurls
243i, 343i, 443i, and 543i formed on the entire circum-
ference by form rolling. Therefore, bending of the center
rod trunk portion 243, 343, 443, and 543 in any direction
can be corrected, whereby the runouts of the center rod
trunk portions 243, 343, 443, and 543 (consequently, the
runouts of the center rod members 240, 340, 440, and
540) can be suppressed without fail. Accordingly, the
glow plugs 201, 301, 401, 501 can reduce the bending
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stress acting on the ceramic heater 20 without fail, and
are unlikely to suffer cracking of the ceramic heater 20.
Portions similar to those of the first embodiment provide
actions and effects similar to those of the first embodi-
ment.

(Sixth embodiment)

[0077] Next, asixth embodiment will be described (see
FIG. 12). A glow plug 601 of the sixth embodiment differs
from the glow plug 1 of the first embodiment, etc., in the
configuration of the glow plug 601 on the rear end side
GK. Since other portions are identical to those of the first
embodiment, the portions identical to those of the first
embodiment will not be described or will be described
only briefly.

[0078] The glow plug 601 of the sixth embodiment has
a metallic shell 10, a ceramic heater 20, an outer tube
30, a connection ring 50, etc. which are identical to those
of the first embodiment. Meanwhile, a terminal member
660, an O-ring 671, an insulating spacer 673, a portion
of a center rod member 640 on the rear end side GK
differ from those of the first embodiment. In the case of
the terminal member 60 of the first embodiment, its por-
tion (the in-hole surrounding portion 61s) is disposed in
the axial hole 10h of the metallic shell 10, and the re-
maining portion is disposed outside the metallic shell 10
(on the rear end side GK with respect to the metallic shell
10) (see FIG. 2). In contrast, in the case of the terminal
member 660 of the sixth embodiment, its entirety is dis-
posed outside the metallic shell 10 (on the rear end side
GK with respect to the metallic shell 10) (see FIG. 12).
[0079] Specifically, the terminal member 660 is com-
posed of a terminal flange portion 663 located on the
forward end side GS, a terminal portion 665 located on
the rear end side GK, and a surrounding portion 661 lo-
cated therebetween. The terminal flange portion 663 is
a portion which comes into contact with a spacer flange
portion 673k of the insulating spacer 673 to be described
later and urges the insulating spacer 673 toward the for-
ward end side GS. The terminal flange portion 663 has
a diameter greater than that of the axial hole 10h of the
metallic shell 10. The surrounding portion 661 has the
shape of a tube with a bottom and has an opening on the
forward end side GS. The surrounding portion 661 is fitted
onto the center rod rear end portion 645 of the center rod
member 640 and is fixed to the center rod rear end portion
645 by means of crimping. The terminal portion 665 has
the same form as that of the terminal portion 65 of the
first embodiment. As in the case of the first embodiment,
the center rod member 640 of the sixth embodiment is
formed from the wire rod 40x obtained by cutting a coiled
material having a diameter equal to the diameter Dg of
non-correction portions 643g. However, the dimension
ofthe center rod rear end portion 645 in the axial direction
HJ is shorter than the dimension of the center rod rear
end portion 45 of the first embodiment in the axial direc-
tion HJ.
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[0080] In the first embodiment, the in-hole surrounding
portion 61s of the terminal member 60 is inserted into
the axial hole 10h of the metallic shell 10, and the O-ring
71 and the insulating spacer 73 are disposed between
the in-hole surrounding portion 61s and the metallic shell
10 (see FIG. 2). In contrast, in the sixth embodiment, the
O-ring 671 and the insulating spacer 673 are disposed
between the center rod member 640 and the metallic
shell 10 (see FIG. 12).

[0081] Specifically, the O-ring 671 forms a gastight
seal between the shell rear end portion 15 of the metallic
shell 10 and the center rod member 640 while insulating
them from each other. The insulating spacer 673 is com-
posed of a spacer insertion portion 673s located on the
forward end side GS and a spacer flange portion 673k
located on the rear end side GK. The spacer insertion
portion 673s is inserted into the axial hole 10h of the
metallic shell 10 so as to separate the shell rear end
portion 15 of the metallic shell 10 and the center rod mem-
ber 640 from each other without fail. The spacer flange
portion 673k is larger in diameter than the axial hole 10h
of the metallic shell 10, and is brought into engagement
with the shell rear end portion 15 of the metallic shell 10
from the rear end side GK. Meanwhile, since the spacer
flange portion 673k is in contact with the terminal flange
portion 663 of the terminal member 660 as described
above, the spacer flange portion 673k is urged toward
the forward end side GS by the terminal member 660.
[0082] In the glow plug 601 of the sixth embodiment
as well, the center rod trunk portion 643 which is a portion
of the centerrod member 640 located between the center
rod forward end portion 641 (see FIG. 1) and the center
rod rear end portion 645 has the plurality of runout cor-
rection portions 643f for correcting the circular runout of
the trunk forward end portion 643s in relation to the trunk
rear end portion 643k (reference) as in the case of the
runout correction portions 43f of the first embodiment.
Therefore, as compared with the case where the runout
correction portions 643f are not provided (see also FIG.
1), the runout of the center rod trunk portion 643 is sup-
pressed, and consequently, the runout of the center rod
member 640 is suppressed. Accordingly, the glow plug
601 in which the center rod member 640 is used can
reduce the bending stress acting on the ceramic heater
20, is unlikely to suffer cracking of the ceramic heater 20,
and is high in reliability. Portions similar to those of the
first embodiment provide actions and effects similar to
those of the first embodiment.

(Examples and Comparative examples)

[0083] Next, there will be described the results of an
experiment performed to verify the effects of the present
invention. 30 center rod members 40 according to the
first embodiment were prepared as examples of the
presentinvention. As described above, a plurality of (spe-
cifically, 10) runout correction portions 43f are formed on
the centerrod trunk portion 43 of each center rod member
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40 such that they are spaced from one another in the
axial direction HJ.

[0084] Meanwhile, as comparative examples, there
were prepared 30 center rod members whose trunk po-
tions (centerrod trunk portions 43) did nothave the runout
correction portions 43f; i.e., center rod members in a
stage immediately before the correction portion forming
step was performed in the method of manufacturing the
glow plug 1 of the first embodiment.

[0085] Next, each of the center rod members of exam-
ples and comparative examples was measured for the
runout of the center rod trunk portion (the circular runout
of the trunk forward end portion in relation to the trunk
rear end portion serving as a reference). FIG. 13 shows
the results of the measurement. In FIG. 13, the average
of the runouts of the center rod trunk portions of compar-
ative examples (average when n = 30) is defined as 100%
(reference value). FIG. 13 shows the distribution of the
runouts of the center rod members of the comparative
examples and the distribution of the runouts of the center
rod members of the examples. As is apparent from FIG.
13, as compared with the case of the center rod members
of the comparative examples, in the case of the center
rod members 40 of the examples, the runout of the center
rod trunk portion 43 becomes considerably small (de-
creases to about 20%), and the variation of the runout
becomes small. This result demonstrates that the runout
of the center rod trunk portion 43 was corrected through
formation of the plurality of runout correction portions 43f
on the center rod trunk portion 43.

[0086] Although the present invention has been de-
scribed on the basis of embodiments thereof, the present
invention is not limited to the above-described first
through sixth embodiments and can be applied with prop-
er modifications without departing from the scope of the
invention.

[0087] For example, in the method of manufacturing
the glow plug 1 described in the first embodiment, before
the correction portion forming step, a portion of the wire
rod 40x obtained by cutting a coiled material, the portion
being located on the forward end side GS, is machined
so as toformthe fitting portion 41s and the larger diameter
portion 41k on the center rod forward end portion 41, and
a portion of the wire rod 40x located on the rear end side
GKis machined so as to form the crisscross knurl 45i on
the outer circumference of the center rod rear end portion
45. However, the manufacturing method is not limited
thereto. For example, the manufacturing method may be
modified such that the correction portion forming step is
first performed on the wire rod 40x obtained by cutting a
coiled material so as to form the runout correction por-
tions 43f on the center rod trunk portion 43, and the
above-described machining operations are then per-
formed on the portions of the wire rod 40x located on the
forward end side GS and the rear end side GK. Also, the
number of the runout correction portions 43f or the like
is not limited to 10 as in the case of the first embodiment,
etc., and can be freely determined in consideration of the
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length, material, etc. of the center rod trunk portion 43
within a range within which the runout of the center rod
trunk portion 43 can be suppressed.

[Description of Reference Numerals]
[0088]

1,201, 301, 401, 501, 601: glow plug

10: metallic shell

10h: axial hole

20: ceramic heater

25: heater rear end portion

40, 240, 340, 440, 540, 640: center rod member
40x: wire rod

41, 241, 341, 441, 541, 641: center rod forward end
portion

43,243, 343,443, 543, 643: center rod trunk portion
43s, 243s, 343s, 443s, 543s, 643s: trunk forward
end portion

43k, 243k, 343k, 443k, 543k, 643k: trunk rear end
portion

43f (43f1 to 43f10), 643f: runout correction portion
(diameter reduced portion)

243f, 343f, 443f, 543f. runout correction portion
(rolled knurl portion)

243i: crisscross knurl

343i: longitudinal straight knurl

443i: lateral straight knurl

543i: angular knurl

439, 2439, 3439, 4439, 5439, 643g: non-correction
portion

45,245, 345,445, 545, 645: center rod rear end por-
tion

50: connection ring (connection member)

BX: axis (of the center rod member

HJ: axial direction

GS: forward end side (in the axial direction)

GK: rear end side (in the axial direction)

Df: diameter (of the runout correction portions)

Dg: diameter (of the non-correction portions)

Lf: dimensions (of the runout correction portions in
the axial direction)

Lft: sum (of the dimensions of the runout correction
portions in the axial direction)

Lg1, Lg2, Lg3: dimensions (of the non-correction
portions in the axial direction)

Lgt: sum (of the dimensions of the non-correction
portions in the axial direction)

HJC: center (of the center rod trunk portion in the
axial direction)

TD1, TD2: rolling die

tb: ridge

At: interval (between ridges)
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Claims

1.

A glow plug (1, 201, 301, 401, 501, 601) comprising:

a tubular metallic shell (10) having an axial hole
(10h);

arod-shaped ceramic heater (20) held on a for-
ward end side (GS) of the metallic shell (10);

a center rod member (40, 240, 340, 440, 540,
640) formed of a metal, inserted into the axial
hole (10h) of the metallic shell (10), and extend-
ing in an axial direction (HJ); and

a connection member (50) which connects to-
gether a rear end portion (25) of the ceramic
heater (20) and a forward end portion (41, 241,
341, 441, 541, 641) of the center rod member
(40, 240, 340, 440, 540, 640), wherein

a trunk portion (43, 243, 343, 443, 543, 643) of
the center rod member (40, 240, 340, 440, 540,
640) located between the forward end portion
(41, 241, 341, 441, 541, 641) and a rear end
portion (45, 245, 345, 445, 545, 645) of the cent-
er rod member (40, 240, 340, 440, 540, 640)
has a plurality of runout correction portions (43f,
243f, 343f, 443f, 543f, 643f) having corrected
the circular runout of the forward end portion
(43s, 243s, 343s, 443s, 543s, 64 3s) of the trunk
portion (43, 243, 343, 443, 543, 643) in relation
to the rear end portion (43k, 243k, 343k, 443k,
543, 643k) of the trunk portion (43, 243, 343,
443,543,643) serving as areference, the runout
correction portions (43f, 243f, 343f, 443f, 543f,
643f) being spaced from one another in the axial
direction (HJ).

A glow plug (1, 601) according to claim 1, wherein
the runout correction portions (43f, 643f) are diam-
eter reduced portions which are portions of the trunk
portion (43, 643) of the center rod member (40, 640)
in the axial direction (HJ) and which are decreased
in diameter over the entire circumference.

A glow plug (201, 301, 401, 501) according to claim
1, wherein the runout correction portions (24 3f, 343f,
443f, 543f) are rolled knurl portions which are por-
tions of the trunk portion (243, 343, 443, 543) of the
center rod member (240, 340, 440, 540) in the axial
direction (HJ) and each of which has a knurl (243i,
343i, 443i, 543i) formed over the entire circumfer-
ence by form rolling.

A glow plug (1, 201, 301, 401, 501, 601) according
to any one of claims 1 to 3, wherein the trunk portion
(43,243, 343, 443, 543, 643) of the center rod mem-
ber (40, 240, 340, 440, 540, 640) has at least one
runout correction portion (4 3f, 243f, 343f, 443f, 543f,
643f) on each of a forward end side (GS) and a rear
end side (GK) of a center (HJC) thereof in the axial
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direction (HJ).

5. Aglow plug (1, 201, 301, 401, 501, 601) according

to any one of claims 1 to 4, wherein the dimensions
(Lf) of the runout correction portions (43f, 24 3f, 34 3f,
443f, 543f, 643f) in the axial direction (HJ) are ren-
dered equal to one another, and the runout correc-
tion portions (43f, 243f, 343f, 443f, 543f, 643f) are
formed at equal intervals in the axial direction (HJ).

A glow plug (1, 201, 301, 401, 501, 601) according
to any one of claims 1 to 5, wherein the sum (Lft) of
the dimensions (Lf) of the runout correction portions
(43f, 243f, 343f, 44 3f, 54 3f, 643f) in the axial direction
(HJ) is smaller than the sum (Lgt) of the dimensions
(Lg1, Lg2, Lg3) of non-correction portions (43g,
243g, 343g, 4439, 5439, 643g) which are portions
of the trunk portion (43, 243, 343, 443, 543, 643)
remaining after exclusion of the runout correction
portions (43f, 243f, 343f, 443f, 543f, 643f).

A glow plug (1, 201, 301, 401, 501, 601) according
to any one of claims 1 to 6, wherein the center rod
member (40, 240, 340, 440, 540, 640) is formed from
a wire rod (40x) obtained by cutting a coiled material
having a diameter equal to a diameter (Dg) of the
non-correction portions (43g, 243g, 3439, 443q,
543g, 643g) which are portions of the trunk portion
(43,243, 343, 443, 543, 643) remaining after exclu-
sion of the runout correction portions (4 3f, 243f, 343f,
443f, 543f, 643f), and the runout correction portions
(43f, 243f, 343f, 443f, 543f, 643f) are formed on the
wire rod (40x).

A method of manufacturing a glow plug (1, 601) com-
prising:

a tubular metallic shell (10) having an axial hole
(10h);

a rod-shaped ceramic heater (20) held on a for-
ward end side (GS) of the metallic shell (10);
acenterrod member (40, 640) formed of ametal,
inserted into the axial hole (10h) of the metallic
shell (10), and extending in an axial direction
(HJ); and

a connection member (50) which connects to-
gether a rear end portion (25) of the ceramic
heater (20) and a forward end portion (41, 641)
of the center rod member (40, 640), wherein

a trunk portion (43, 643) of the center rod mem-
ber (40, 640) located between the forward end
portion (41, 641) and arear end portion (45, 645)
of the center rod member (40, 640) has a plu-
rality of runout correction portions (43f, 643f)
having corrected the circular runout of the for-
ward end portion (43s, 643s) of the trunk portion
(43, 643) in relation to the rear end portion (4 3k,
643k) of the trunk portion (43, 643) serving as a



25 EP 2 863 127 A1

reference, the runout correction portions (43f,
643f) being spaced from one another in the axial
direction (HJ),

the method comprising:

a correction portion forming step in which a
wire rod (40x) obtained by cutting a coiled
material having a diameter equal to a diam-

eter (Dg) of the non-correction portions
(439, 643g) which are portions of the trunk 70
portion (43, 643) remaining after exclusion

of the runout correction portions (43f, 643f)

is used, the trunk portion (43, 643) of the
center rod member (40, 640) is held and
pressed by a pair of rolling dies (TD1, TD2) 15
having a plurality of ridges (tb) disposed in

a stripe pattern at intervals corresponding

to the runout correction portions (43f, 64 3f),

and the pair of rolling dies (TD1, TD2) are
relatively moved in opposite directionsina 20
direction in which the ridges (tb) extend so

as to rotate the trunk portion (43, 643) and
decrease the diameters of portions of the
trunk portion (43, 643) over the entire cir-
cumference by pressing by the ridges (tb) 25
to thereby form the plurality of runout cor-
rection portions (43f, 643f); and

an assembly step of assembling the glow
plug (1, 601) by using the center rod mem-

ber (40, 640) having the runout correction 30
portions (43f, 643f) formed thereon.
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