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(54) GLOW PLUG

(57) [Objective] To mitigate force transmitted be-
tween a center rod and a ceramic heater.

[Means for Solution] Aglow plug includes a metallic
shell, a ceramic heater, and a center rod. The center rod
includes one or more neck portions which extend in the
direction of the axial line and in which a plurality of
grooves each extending on the outer circumferential sur-
face of the center rod in the circumferential direction
thereof are successively arranged in the direction of the
axial line. The forwardmost neck portion has a portion
disposed forward of the middle position in the direction
of the axial line between the forward and rear ends of the
center rod. In the forwardmost neck portion, the plurality
of grooves are arranged in the direction of the axial line
at a pitch of less than 1.1 mm.

On a flat cross section containing the axial line, each
groove has a forward sloping surface which slopes for-
ward to be oblique to the direction of the axial line and a
rear sloping surface which slopes rearward to be oblique
to the direction of the axial line. In the forwardmost neck
portion, the forward sloping surface and the rear sloping
surface form an angle of less than 60°.
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Description

[Technical Field]

[0001] The present specification relates to a ceramic
glow plug used for an internal combustion engine or the
like.

[Background Art]

[0002] Conventionally, a ceramic glow plug which gen-
erates heat upon energization has been utilized, for ex-
ample, for assisting the startup of an internal combustion
engine. Such a conventionally used ceramic glow plug
includes a ceramic heater and a center rod connected to
the ceramic heater. Incidentally, when the ceramic glow
plug is manufactured, the center rod may be fixed to the
ceramic heater in a state in which the center rod is inclined
in relation to the ceramic heater. When the metallic shell,
the ceramic heater, and the center rod of the ceramic
glow plug are combined for assembly, in order for these
members to be disposed coaxially, a force for reducing
the inclination of the center rod may be applied to the
center rod, and as a result, the ceramic heater may be
broken. In view of the forgoing, there has been proposed
a technique for preventing breakage of the ceramic heat-
er as a result of transmission of such force to the ceramic
heater. According to the proposed technique, a smaller
diameter portion for mitigating stress is provided on the
center rod.

[Prior Art Documents]

[Patent Documents]

[0003]

[Patent Document 1] Japanese Patent Application
Laid-Open (kokai) No. 2006-207988
[Patent Document 2] Japanese Patent Application
Laid-Open (kokai) No. 2002-359060
[Patent Document 3] US Patent No. 4252091
[Patent Document 4] Japanese Patent Application
Laid-Open (kokai) No. 2014-109434
[Patent Document 5] Japanese Patent Application
Laid-Open (kokai) No. 2015-78825

[Summary of the Invention]

[Problem to be Solved by the Invention]

[0004] However, there has not yet been conceived a
way of properly mitigating the force transmitted between
the center rod and the ceramic heater.
[0005] The present specification discloses a technique
for properly mitigating the force transmitted between the
center rod and the ceramic heater.

[Means for Solving the Problem]

[0006] The present specification discloses the follow-
ing application examples, for example.

[Application example 1]

[0007] A glow plug comprising:

a metallic shell having a through hole extending in
the direction of an axial line;
a ceramic heater inserted into the through hole of
the metallic shell and held at a forward end of the
metallic shell; and
a center rod formed of a metal, inserted into the
through hole of the metallic shell, and electrically
connected to the ceramic heater, wherein
the center rod includes one or more neck portions
which extend in the direction of the axial line and in
which a plurality of grooves each extending on an
outer circumferential surface of the center rod in the
circumferential direction thereof are successively ar-
ranged in the direction of the axial line;
of the one or more neck portions, a forwardmost neck
portion has a portion disposed forward of a middle
position in the direction of the axial line between a
forward end and a rear end of the center rod;
in the forwardmost neck portion, the plurality of
grooves are arranged in the direction of the axial line
at a pitch of less than 1.1 mm;
on a flat cross section containing the axial line, each
groove has a forward sloping surface which slopes
forward to be oblique to the direction of the axial line
and a rear sloping surface which slopes rearward to
be oblique to the direction of the axial line; and
in the forwardmost neck portion, the forward sloping
surface and the rear sloping surface form an angle
of less than 60°.

[0008] According to this configuration, the force trans-
mitted between the center rod and the ceramic heater
can be mitigated properly.

[Application example 2]

[0009] A glow plug according to application example
1, further comprising:

a sleeve inserted into the through hole of the metallic
shell and holding the ceramic heater; and
a packing sandwiched between an inner circumfer-
ential surface of the metallic shell and the outer cir-
cumferential surface of the center rod, wherein the
following relational expression is satisfied: 

1 2 
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where

La is a distance between a first position and a
second position in the direction of the axial line,
the first position being a position of a center, in
the direction of the axial line, of a contact area
between the packing and the outer circumferen-
tial surface of the center rod, the second position
being a position of a rearmost end of a contact
area between the ceramic heater and the
sleeve,
Lb is a distance in the direction of the axial line
between the first position and a forward end of
the forwardmost neck portion, and Da is an outer
diameter of the ceramic heater at the second
position.

[0010] According to this configuration, when a force is
applied to the center rod, for example, during manufac-
ture, the force transmitted from the center rod to the heat-
er can be mitigated properly.

[Application example 3]

[0011] Aglow plug according to application example 1
or 2, wherein
the forwardmost neck portion is formed by closed loop
grooves each extending, on the outer circumferential sur-
face of the center rod, completely around the center rod
in the circumferential direction thereof; and
the following relational expression is satisfied: 

where

La is a distance between a first position and a second
position in the direction of the axial line, the first po-
sition being a position of a center, in the direction of
the axial line, of a contact area between the packing
and the outer circumferential surface of the center
rod, the second position being a position of a rear-
most end of a contact area between the ceramic
heater and the sleeve,
Lb is a distance in the direction of the axial line be-
tween the first position and a forward end of the for-
wardmost neck portion,
Da is an outer diameter of the ceramic heater at the
second position, and
Db is a smallest outer diameter of a portion of the
center rod where the forwardmost neck portion is
formed.

[0012] According to this configuration, the force trans-
mitted from the center rod to the heater can be mitigated

properly.

[Application example 4]

[0013] A glow plug according to any one of application
examples 1 to 3, wherein the center rod includes
a first transition portion which is connected to a forward
end of at least one neck portion of the one or more neck
portions and which includes a groove extending on the
outer circumferential surface of the center rod in the cir-
cumferential direction thereof, and
a first trunk portion which is connected to a forward end
of the first transition portion and which has an approxi-
mately constant outer diameter,
wherein a distance between a bottom portion of the
groove of the first transition portion and the center axis
of the center rod is larger than a distance between a
bottom portion of each of the grooves of the neck portion
and the center axis, and is smaller than a distance be-
tween an outer circumferential surface of the first trunk
portion and the center axis.
[0014] According to this configuration, when a force is
applied to the center rod, the concentration of stress on
the forward end of the neck portion can be mitigated
through bending of the bottom portion of the groove of
the first transition portion. As a result, excessive bending
of the center rod can be prevented.

[Application example 5]

[0015] A glow plug according to application example
4, wherein
the first transition portion has a plurality of closed loop
grooves each extending, on the outer circumferential sur-
face of the center rod, completely around the center rod
in the circumferential direction thereof; and
the plurality of grooves of the first transition portion are
formed such that the bottom portion of a groove on a
forward side has an outer diameter larger than that of the
bottom portion of a groove on a rear side.
[0016] According to this configuration, the plurality of
grooves of the first transition portion gradually change
the groove outer diameter between the neck portion and
the first trunk portion. Accordingly, it is possible to miti-
gate the concentration of stress on a portion of the first
transition portion. As a result, excessive bending of the
center rod can be prevented.

[Application example 6]

[0017] A glow plug according to application example
4, wherein
the first transition portion has a plurality of closed loop
grooves each extending, on the outer circumferential sur-
face of the center rod, completely around the center rod
in the circumferential direction thereof; and
of N pairs (N is an integer of 2 or greater) which are
formed by the plurality of grooves of the first transition

3 4 



EP 3 267 109 A1

4

5

10

15

20

25

30

35

40

45

50

55

portion and each of which includes two adjacent grooves,
L pairs (L is an integer of 1 or greater but not greater than
N-1) are configured such that the outer diameter of the
bottom portion of the groove on the forward side is larger
than that of the bottom portion of the groove on the rear
side, and (N-L) pairs are configured such that the outer
diameter of the bottom portion of the groove on the for-
ward side is the same as that of the bottom portion of the
groove on the rear side.
[0018] According to this configuration, the plurality of
grooves of the first transition portion change the groove
outer diameter in a plurality of steps between the neck
portion and the first trunk portion. Accordingly, it is pos-
sible to mitigate the concentration of stress on a portion
of the first transition portion. As a result, excessive bend-
ing of the center rod can be prevented.

[Application example 7]

[0019] A glow plug according to any one of application
examples 1 to 6, wherein the center rod includes
a second transition portion which is connected to a rear
end of at least one neck portion of the one or more neck
portions and which includes a groove extending on the
outer circumferential surface of the center rod in the cir-
cumferential direction thereof, and
a second trunk portion which is connected to a rear end
of the second transition portion and which has an approx-
imately constant outer diameter,
wherein a distance between a bottom portion of the
groove of the second transition portion and the center
axis of the center rod is larger than a distance between
a bottom portion of each of the grooves of the neck portion
and the center axis, and is smaller than a distance be-
tween an outer circumferential surface of the second
trunk portion and the center axis.
[0020] According to this configuration, when a force is
applied to the center rod, the concentration of stress on
the rear end of the neck portion can be mitigated through
bending of the bottom portion of the groove of the second
transition portion. As a result, excessive bending of the
center rod can be prevented.

[Application example 8]

[0021] A glow plug according to application example
7, wherein
the second transition portion has a plurality of closed loop
grooves each extending, on the outer circumferential sur-
face of the center rod, completely around the center rod
in the circumferential direction thereof; and
the plurality of grooves of the second transition portion
are formed such that the bottom portion of a groove on
a rear side has an outer diameter larger than that of the
bottom portion of a groove on a forward side.
[0022] According to this configuration, the plurality of
grooves of the second transition portion gradually change
the groove outer diameter between the neck portion and

the second trunk portion. Accordingly, it is possible to
mitigate the concentration of stress on a portion of the
second transition portion. As a result, excessive bending
of the center rod can be prevented.

[Application example 9]

[0023] A glow plug according to application example
7, wherein
the second transition portion has a plurality of closed loop
grooves each extending, on the outer circumferential sur-
face of the center rod, completely around the center rod
in the circumferential direction thereof; and
of P pairs (P is an integer of 2 or greater) which are formed
by the plurality of grooves of the second transition portion
and each of which includes two adjacent grooves, Q pairs
(Q is an integer of 1 or greater but not greater than P-1)
are configured such that the outer diameter of the bottom
portion of the groove on the rear side is larger than that
of the bottom portion of the groove on the forward side,
and (P-Q) pairs are configured such that the outer diam-
eter of the bottom portion of the groove on the rear side
is the same as that of the bottom portion of the groove
on the forward side.
[0024] According to this configuration, the plurality of
grooves of the second transition portion change the
groove outer diameter in a plurality of steps between the
neck portion and the second trunk portion. Accordingly,
it is possible to mitigate the concentration of stress on a
portion of the second transition portion. As a result, ex-
cessive bending of the center rod can be prevented.
[0025] Notably, the technique disclosed in the present
specification can be realized in various forms. For exam-
ple, the technique can be realized as a center rod for a
glow plug, a glow plug including the center rod, a startup
assist apparatus including the glow plug, an internal com-
bustion engine on which the glow plug is mounted, or an
internal combustion engine on which the startup assist
apparatus including the glow plug is mounted.

[Brief Description of the Drawings]

[0026]

[FIGS. 1(A) and 1(B)] Schematic views of one ex-
ample of a ceramic glow plug of an embodiment.
[FIGS. 2(A), 2(B), and 2(C)] Explanatory views of a
center rod 30.
[FIG. 3] Schematic sectional view of an assembly
200.
[FIGS. 4(A), 4(B), and 4(C)] Graphs showing the re-
sults of a first evaluation test.
[FIGS. 5(A), 5(B), and 5(C)] Graphs showing the re-
sults of a second evaluation test.
[FIG. 6] Schematic external view of the center rod 30.
[FIGS. 7(A), 7(B), and 7(C)] Schematic views of an-
other embodiment of the center rod.
[FIGS. 8(A) and 8(B)] Schematic views of still anoth-
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er embodiment of the center rod.
[FIGS. 9(A) and 9(B)] Schematic views of yet another
embodiment of the center rod.
[FIGS. 10(A) and 10(B)] Schematic views of a mod-
ification of the center rod.

[Mode for Carrying out the Invention]

A. First embodiment:

A1. Structure of ceramic glow plug:

[0027] FIGS. 1 (A) and 1 (B) are schematic views of
one example of a ceramic glow plug of an embodiment.
FIG. 1 (A) is a sectional view of a ceramic glow plug 10
(hereinafter also referred to as the "glow plug 10" for sim-
plicity), and FIG. 1(B) is an enlarged sectional view show-
ing a portion of the glow plug 10 (a portion including a
ceramic heater element 40). A line CL shown in these
drawings shows a center axis of the glow plug 10. The
section shown in these drawings a flat section including
the center axis CL. In the following description, the center
axis CL is also referred to as the "axial line CL," and a
direction parallel to the center axis CL is also referred to
as the "axial direction." The radial direction of a circle
which is centered at the center axis CL is also referred
to as the "radial direction" for simplicity, and the circum-
ferential direction of a circle which is centered at the cent-
er axis CL is also referred to as the "circumferential di-
rection." Of the directions parallel to the center axis CL,
the downward direction in FIGS. 1 (A) and 1 (B) is referred
to as the first direction D1. The first direction D1 is the
direction from a terminal member 80 (which will be de-
scribed later) toward the ceramic heater element 40. A
second direction D2 and a third direction D3 in the draw-
ings are directions which are orthogonal to each other
and are orthogonal to the first direction D1. In the follow-
ing description, the first direction D1 is also referred to
as the forward direction D1, and the direction opposite
the first direction D1 is also referred to as the rearward
direction D1r. Also, the forward direction D1 side in FIGS.
1(A) and 1(B) is referred to as the forward side of the
glow plug 10, and the rearward direction D1r side in FIGS.
1(A) and 1(B) is referred to as the rear side of the glow
plug 10.
[0028] The glow plug 10 includes a metallic shell 20,
a center rod 30, a ceramic heater element 40 (hereinafter
also referred to as the "heater element 40" for simplicity),
an O-ring 50 (hereinafter also referred to as the "packing
50"), an insulating member 60, a metal sleeve 70 (here-
inafter also referred to as the "sleeve 70" for simplicity),
a terminal member 80, and a connection member 90.
The metallic shell 20 is a tubular member having a
through hole 20x extending along the center axis CL. The
metallic shell 20 has a tool engagement portion 28 formed
on an end portion thereof on the rearward direction D1 r
side, and a male screw portion 22 provided on the forward
direction D1 side of the tool engagement portion 28. The

tool engagement portion 28 is a portion with which an
unillustrated tool is engaged when the glow plug 10 is
attached or detached. The male screw portion 22 in-
cludes a screw thread for screw engagement with a fe-
male screw of a mounting hole of an unillustrated internal
combustion engine. The metallic shell 20 is formed of an
electrically conductive material (e.g., metal such as car-
bon steel).
[0029] The center rod 30 is accommodated in the
through hole 20x of the metallic shell 20. The center rod
30 is a rod-like member and extends along the axial line
CL. The center rod 30 is formed of an electrically con-
ductive material (for example, metal such as stainless
steel). A rear end portion 39 (an end portion on the rear-
ward direction D1 r side) of the center rod 30 projects in
the rearward direction D1r from an opening OPb of the
metallic shell 20 on the rearward direction D1 r side. The
center rod 30 has a neck portion 410 which is provided
between an end portion 31 (an end portion on the forward
direction D1 side) of the center rod 30 and the end portion
39 on the rearward direction D1r side. The neck portion
410 will be described in detail later.
[0030] In the vicinity of the opening OPb, the ring-
shaped packing 50 is provided between the outer surface
of the center rod 30 and the wall surface of the through
hole 20x of the metallic shell 20. The packing 50 is formed
of elastic material (for example, rubber). A ring-shaped
insulating member 60 is attached to the opening OPb of
the metallic shell 20. The insulating member 60 includes
a tubular portion 62 and a flange portion 68 provided on
the rearward direction D1 r side of the tubular portion 62.
The tubular portion 62 is sandwiched between the outer
surface of the center rod 30 and the inner surface of a
portion of the metallic shell 20 which forms the opening
OPb. The insulating member 60 is formed of, for example,
resin. The metallic shell 20 supports the center rod 30
through these members 50 and 60.
[0031] A left portion of FIG. 1(A) shows a partial en-
larged view of portions of the metallic shell 20 and the
center rod 30 between which the packing 50 is sand-
wiched. The packing 50 is in contact with an inner cir-
cumferential surface 20s of the metallic shell 20 and an
outer circumferential surface 30s of the center rod 30 and
establishes a seal between the inner circumferential sur-
face 20s of the metallic shell 20 and the outer circumfer-
ential surface 30s of the center rod 30. The packing 50
is crushed between these surfaces 20s and 30s. An area
Ac in FIG. 1(A) shows a portion of the outer circumfer-
ential surface 30s of the center rod 30, which portion is
in contact with the packing 50 (hereinafter this area is
also referred to as the contact area Ac). Afirst positon P1
is the position of the center of the contact area Ac in the
direction parallel to the axial line CL. Namely, the first
position P1 is a position at which an area extending from
the end Ac1 of the contact area Ac on the forward direc-
tion D1 side to the end Ac2 of the contact area Ac on the
rearward direction D1 r side is bisected in the direction
parallel to the axial line CL.

7 8 
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[0032] The terminal member 80 is disposed on the
rearward direction D1 r side of the insulating member 60.
The terminal member 80 is a cap-shaped member, and
is formed of an electrically conductive material (for ex-
ample, metal such as carbon steel). The flange portion
68 of the insulating member 60 is sandwiched between
the terminal member 80 and the metallic shell 20. The
rear end portion 39 of the center rod 30 is inserted into
the terminal member 80. As a result of the terminal mem-
ber 80 being crimped, the terminal member 80 is fixed
to the rear end portion 39. Thus, the terminal member 80
is electrically connected to the center rod 30.
[0033] A portion of the sleeve 70 on the rearward di-
rection D1 r side is inserted into an opening Opa of the
metallic shell 20 on the forward direction D1 side, and
the sleeve 70 is fixed (for example, press-fitted or welded)
to the metallic shell 20. The sleeve 70 is a tubular member
having a through hole 70x extending along the center
axis CL. The sleeve 70 is formed of an electrically con-
ductive material (for example, metal such as stainless
steel).
[0034] The heater element 40, which generates heat
upon energization, is inserted into the through hole 70x
of the sleeve 70. The heater element 40 is a rod-shaped
member disposed to extend along the center axis CL.
The sleeve 70 holds the outer circumferential surface of
a central portion of the heater element 40. A forward end
portion 41 and a rear end portion 49 of the heater element
40 are exposed to the outside of the sleeve 70. The rear
end portion 49 of the heater element 40 is accommodated
in the through hole 20x of the metallic shell 20. In the
following description, the combination of the heater ele-
ment 40 and the metal sleeve 70 is also referred to as a
"heater module 490."
[0035] The connection member 90 is fixed to the rear
end portion 49 of the heater element 40. The connection
member 90 is a cylindrical tubular member having a
through hole extending along the center axis CL, and is
formed of an electrically conductive material (for exam-
ple, metal such as stainless steel). The rear end portion
49 of the heater element 40 is press-fitted into a portion
of the connection member 90 on the forward direction
D1 side. The forward end portion 31 (the end portion on
the forward direction D1 side) of the center rod 30 is
press-fitted into a portion of the connection member 90
on the rearward direction D1 r side. Thus, the center rod
30 is fixed to the heater element 40 through the connec-
tion member 90. Also, the center rod 30 is electrically
connected to the connection member 90. Notably, the
forward end portion 31 of the center rod 30 and the con-
nection member 90 may be welded together.
[0036] Next, the details of the heater module 490 will
be described. FIG. 1(B) shows a more specific sectional
view of the metal sleeve 70, the connection member 90,
and the heater element 40. The heater element 40 in-
cludes a round-rod-shaped base member 210 extending
along the axial line CL, and a generally U-shaped heat
generation resistor 220 (hereinafter simply referred to as

the "resistor 220") embedded in the base member 210.
The base member 210 is formed of an insulating ceramic
material (for example, a material containing silicon ni-
tride). The resistor 220 is formed of an electrically con-
ductive ceramic material (for example, a material con-
taining silicon nitride and an electrical conductive sub-
stance (e.g., tungsten carbide). The base member 210
supports the resistor 220 in a state in which the base
member 210 covers the resistor 220. The heater element
40 is formed by firing the material thereof. A forward end
portion of the base member 210 (namely, the forward
end portion 41 of the heater element 40) is rounded. The
electrical conductivity of the resistor 220 is higher than
that of the base member 210. The resistor 220 generates
heat upon energization.
[0037] The resistor 220 includes two lead portions 221
and 222, a heat generation portion 223 connected to the
lead portions 221 and 222, and electrode connection por-
tions 281 and 282. Each of the lead portions 221 and 222
extends, along the direction in which the axial line CL
extends (parallel to the axial line CL in the present em-
bodiment), from the rear end portion 49 of the heater
element 40 to a position near the forward end portion 41.
The first lead portion 221 and the second lead portion
222 are disposed at positions which are approximately
symmetric with respect to the center axis CL. The third
direction D3 is a direction from the second lead portion
222 toward the first lead portion 221.
[0038] The heat generation portion 223 is embedded
in the forward end portion 41 of the heater element 40,
and connects together the end of the first lead portion
221 on the forward direction D1 side and the end of the
second lead portion 222 on the forward direction D1 side.
Namely, the lead portions 221 and 222 are connected to
the ends of the heat generation portion 223 on the rear-
ward direction D1 r side. The shape of the heat generation
portion 223 is a generally U-like shape; i.e., the heat gen-
eration portion 223 curves to follow the round shape of
the forward end portion 41 of the heater element 40. The
cross-sectional area of the heat generation portion 223
is smaller than those of the lead portions 221 and 222.
Also, the electrical resistance of the heat generation por-
tion 223 per unit length is larger than those of the lead
portions 221 and 222. As a result, when the heater ele-
ment is energized, the temperature of the heat generation
portion 223 increases quickly as compared with the tem-
peratures of the lead portions 221 and 222.
[0039] The first electrode connection portion 281 is
connected to a portion of the first lead portion 221 on the
rearward direction D1r side. The first electrode connec-
tion portion 281 extends along the radial direction. An
inner end portion of the first electrode connection portion
281 is connected to the first lead portion 221, and an
outer end portion thereof is exposed on the outer surface
of the heater element 40. The exposed portion of the first
electrode connection portion 281 is in contact with the
inner circumferential surface of the sleeve 70. Thus, the
sleeve 70 and the first lead portion 221 are electrically

9 10 
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connected together.
[0040] The second electrode connection portion 282
is connected to a portion of the second lead portion 222
on the rearward direction D1r side. The second electrode
connection portion 282 extends along the radial direction,
and is disposed on the rearward direction D1r side in
relation to the first electrode connection portion 281. An
inner end portion of the second electrode connection por-
tion 282 is connected to the second lead portion 222, and
an outer end portion thereof is exposed on the outer sur-
face of the heater element 40. The exposed portion of
the second electrode connection portion 282 is in contact
with the inner circumferential surface of the connection
member 90. Thus, the connection member 90 and the
second lead portion 222 are electrically connected to-
gether.
[0041] A second position P2 in the drawings is the po-
sition of a rearmost end Ae2 (an end at the rearmost
position in the rearward direction D1 r) of a contact area
Ae where the heater element 40 comes into contact with
the sleeve 70. Namely, the area Ae of the outer circum-
ferential surface 40s of the heater element 40 which
comes into contact with the inner circumferential surface
70s of the sleeve 70 extends from the second position
P2 toward the forward direction D1 side.
[0042] When the glow plug 10 is used, a voltage is
applied between the metallic shell 20 and the terminal
member 80. As described above, the first lead portion
221 is electrically connected to the metallic shell 20
through the first electrode connection portion 281 and
the metal sleeve 70. The second lead portion 222 is elec-
trically connected to the terminal member 80 through the
second electrode connection portion 282, the connection
member 90, and the center rod 30. Accordingly, the elec-
tric power supplied through the metallic shell 20 and the
terminal member 80 is supplied to the heat generation
portion 223 through the lead portions 221 and 222. As a
result, the heat generation portion 223 generates heat.
[0043] FIGS. 2(A), 2(B) and 2(C) are explanatory views
of the center rod 30. FIG. 2(A) schematically shows the
external appearance of the center rod 30, and FIG. 2(B)
shows a cross section of the neck portion 410 of the cent-
er rod 30. The cross section of FIG. 2(B) is a flat cross
section containing the axial line CL. As shown in these
drawings, a plurality of grooves (radially inward recesses)
300 are formed on the outer circumferential surface of
the neck portion 410. Each groove 300 is a closed loop
groove which extends, on the outer circumferential sur-
face 30s of the center rod 30, completely around the cent-
er rod 30 in the circumferential direction thereof. Namely,
each groove 300 extends completely around the center
line CL.
[0044] On the cross section of FIG. 2(B), each groove
300 is defined by a bottom portion 310 and two sloping
surfaces 320 and 330 which are located on opposite
sides of the bottom portion 310. The bottom portion 310
has an outer circumferential surface approximately par-
allel to the axial line CL. A first length L1 in FIG. 2(B) is

the length of each bottom portion 310 in the direction
parallel to the axial line CL. The first sloping surface 320
is a sloping surface which slopes toward the forward di-
rection D1 side to be oblique to the axial line CL when
the sloping surface is followed from the inner side toward
the outer side in the radial direction. The first sloping sur-
face 320 is connected to the end of the bottom portion
310 on the forward direction D1 side. The sloping surface
320 on the forward direction D1 side of the groove 300
is also referred to as the forward side sloping surface
320. The second sloping surface 330 is a sloping surface
which slopes toward the rearward direction D1r side to
be oblique to the axial line CL when the sloping surface
is followed from the inner side toward the outer side in
the radial direction. The second sloping surface 330 is
connected to the end of the bottom portion 310 on the
rearward direction D1r side. The sloping surface 330 on
the rearward direction D1 r side of the groove 300 is also
referred to as the rear side sloping surface 330.
[0045] The radially outer end of the first sloping surface
320 and the radially outer end of the second sloping sur-
face 330 are connected to corresponding crest portions
340. Each crest portion 340 has an outer circumferential
surface approximately parallel to the axial line CL. A sec-
ond length L2 in FIG. 2(B) is the length of each crest
portion 340 in the direction parallel to the axial line CL.
Each first sloping surface 320 is connected to the end of
the corresponding crest portion 340 on the rearward di-
rection D1r side, and each second sloping surface 330
is connected to the end of the corresponding crest portion
340 on the forward direction D1 side.
[0046] As shown in FIG. 2(B), the neck portion 410
forms a wavy portion where the bottom portions 310 and
the crest portions 340 are alternatingly arranged toward
the forward direction D1 side. As described above, the
neck portion 410 extends in the direction parallel to the
axial line CL.
[0047] A pitch Pt in FIG. 2(B) is the pitch of the grooves
300 in the direction parallel to the axial line CL. In the
embodiment shown in FIG. 2(B), the pitch Pt is deter-
mined with the end of each bottom portion 310 on the
rearward direction D1r side used as a reference. The
plurality of grooves 300 are arranged toward the forward
direction D1 side at the same pitch Pt.
[0048] A forward end 410f in FIG. 2(B) shows the for-
ward end of the neck portion 410, and a rear end 410r in
FIG. 2(B) shows the rear end of the neck portion 410.
The forward end 410f of the neck portion 410 is the for-
ward end of the forwardmost bottom portion 310 among
the plurality of bottom portions 310 of the neck portion
410. Notably, in the present embodiment, the forward
end 410f of the neck portion 410 coincides with the for-
ward end of the forwardmost bottom portion 310 con-
nected to the forwardmost sloping surface 320. Also,
even in the case where the crest portion 340 is formed
on the forward direction D1 side of the forwardmost bot-
tom portion 310, the forward end 410f of the neck portion
410 coincides with the forward end of the forwardmost
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bottom portion 310. Meanwhile, the rear end 410r of the
neck portion 410 is the rear end of the rearmost bottom
portion 310 among the plurality of bottom portions 310
of the neck portion 410. Notably, in the present embod-
iment, the rear end 410r of the neck portion 410 coincides
with the rear end of the rearmost bottom portion 310 con-
nected to the rearmost sloping surface 330. Also, even
in the case where the crest portion 340 is formed on the
rearward direction D1r side of the rearmost bottom por-
tion 310, the rear end 410r of the neck portion 410 coin-
cides with the rear end of the rearmost bottom portion
310.
[0049] A length Lf in FIG. 2(B) is the length of the neck
portion 410 in the direction parallel to the axial line CL.
This length Lf is the length between the forward end 410f
and the rear end 410r of the neck portion 410 in the di-
rection parallel to the axial line CL. Notably, the length
Lf is preferably 5 mm or greater. An outer diameter Db
in FIG. 2(B) is the smallest outer dimeter of the neck
portion 410. In the present embodiment, the smallest out-
er dimeter Db is the outer dimeter of the neck portion 410
measured at each bottom portion 310 (hereinafter simply
referred to as the "outer dimeter of the bottom portion
310"). In the present embodiment, the neck portion 410
is formed at a circular columnar portion of the center rod
30 whose outer diameter Dc is approximately constant.
This smallest outer diameter Db is smaller than the outer
diameter Dc. A second distance Lb in FIG. 2(A) is the
distance between the first position P1 and the forward
end 410f of the neck portion 410 in the direction parallel
to the axial line CL.
[0050] A middle position P3 in FIG. 2(A) is the middle
position, in the direction parallel to the axial line CL, be-
tween the forward end 30f and the rear end 30r of the
center rod 30. The neck portion 410 is disposed on the
forward direction D1 side of the middle position P3.
[0051] FIG. 2(C) is an enlarged view of a portion of the
sectional view of FIG. 2(B), which portion includes the
grooves 300. An angle Ang in FIG. 2(C) is the angle be-
tween the first sloping surface 320 and the second slop-
ing surface 330. In the embodiment shown in FIG. 2(C),
the angle Ang is the same among the plurality of grooves
300.
[0052] Various methods can be employed so as to form
the plurality of bottom portions 310 and the plurality of
crest portions 340 (accordingly, the neck portion 410 hav-
ing the plurality of grooves 300) on the center rod 30. For
example, so-called form rolling may be employed. Spe-
cifically, a roller having a portion whose shape is inverse
to that of the neck portion 410 is pressed against the
center rod 30. In this state, the roller and the center rod
30 are rotated, whereby the neck portion 410 is formed
on the center rod 30. Such machining is also called knurl-
ing.
[0053] The neck portion 410 which has the grooves
300 each having the small outer diameter Db easily
bends as compared with the remaining portion of the
center rod 30. Accordingly, when a force is applied to the

center rod 30, the neck portion 410 can prevent, by bend-
ing, the transmission of the force from the center rod 30
to other portions (for example, the heater element 40) of
the glow plug 10. For example, when the glow plug 10 is
manufactured (for example, when the packing 50 is fitted
between the center rod 30 and the metallic shell 20), a
force may be applied to the center rod 30. The force may
be transmitted from the center rod 30 to the heater ele-
ment 40. Also, when an internal combustion engine hav-
ing the glow plug 10 vibrates, the center rod 30 may vi-
brate within the metallic shell 20. As a result, a force may
be transmitted from the center rod 30 to the heater ele-
ment 40. When the force transmitted to the heater ele-
ment 40 is large, the heater element 40 may be broken.
In the present embodiment, the neck portion 410 can
prevent the transmission of force from the center rod 30
to the heater element 40 through deformation of the neck
portion 410.
[0054] Also, as having been described with reference
to FIG. 2(A), the neck portion 410 includes a portion lo-
cated on the forward direction D1 side of the middle po-
sition P3 of the center rod 30. Namely, the neck portion
410 is formed in a portion of the center rod 30 near the
heater element 40. Accordingly, since the portion of the
center load 30, which portion is located on the heater
element 40 side with respect to the middle position P3,
can bend, the neck portion 410 can properly mitigate the
force transmitted from the center rod 30 to the heater
element 40.
[0055] Also, as shown in FIG. 2(A), the rear end 410r
of the neck portion 410 is located on the forward direction
D1 side of the contact area Ac of the center rod 30 in
contact with the packing 50. Namely, the neck portion
410 is not provided in the contact area Ac and is disposed
on the forward direction D1 side of the contact area Ac.
Accordingly, formation of a gap between the center rod
30 and the packing 50 can be prevented.

B. Evaluation tests:

[0056] Next, evaluation tests will be described. There
were carried out a first evaluation test in which samples
of the glow plug 10 shown in FIGS. 1(A) and 1(B) were
used and a second evaluation test in which samples of
an assembly 200 shown in FIG. 3 (its details will be de-
scribed later) were used. FIGS. 4(A) to 4(C) are graphs
showing the results of the first evaluation test. FIGS. 5(A)
to 5(C) are graphs showing the results of the second
evaluation test. Black points in each graph represent the
test results of the samples.
[0057] In the first evaluation test in which samples of
the glow plug 10 were used, the strength of resonance
between an engine and the glow plug 10 (in particular,
the center rod 30) was evaluated. As described above,
the center rod 30 may vibrate within the metallic shell 20.
When the center rod 30 resonates due to vibration of the
engine, the center rod 30 or the heater element 40 may
be broken due to force generated as a result of the vi-
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bration of the center rod 30. Accordingly, it is preferred
that the strength of the resonance between the engine
and the glow plug 10 (in particular, the center rod 30) be
small.
[0058] A method for carrying out the first evaluation
test is as follows. Ajig corresponding to an engine was
prepared. This jig is attached to a table through a mount
to be vibratable as in the case of the engine which is
attached to the body of an automobile through an engine
mount such that the engine can vibrate. This jig can vi-
brate in relation to the table like the engine which can
vibrate in relation to the body. Each sample of the glow
plug 10 was attached to the jig. Subsequently, a vibrating
force was externally applied to the jig having the sample
attached thereto so as to cause the jig to vibrate in relation
to the table, and the peak value of the amplitude of vi-
bration of the center rod in relation to the table at the
resonance frequency was measured (this peak value is
referred to as the "first peak value"). This first peak value
represents the amplitude of vibration obtained by com-
bining the vibration of the jig in relation to the table and
the vibration of the center rod 30 in relation to the jig
(specifically, the vibration of the center rod 30 in relation
to the metallic shell 20 of the glow plug 10 fixed to the
jig). This first peak value was measured by specifying
the position of the center rod 30 through a hole provided
in the metallic shell 20. Also, in a state in which the sample
of the glow plug 10 was removed from the jig, the jig was
caused to vibrate, and the peak value of the amplitude
of vibration of the jig in relation to the table at the reso-
nance frequency was measured (this peak value is re-
ferred to as the "second peak value"). Subsequently, a
value obtained by dividing the first peak value by the sec-
ond peak value was recorded as an amplification factor
Rx. The test results of FIGS. 4(A) and 4(C) show the
amplification factors Rx of samples of a plurality of types
of glow plugs 10 which differ from one another in terms
of the structure of the center rod 30.
[0059] Notably, the strength of the force applied to the
jig when the second peak value was obtained is the same
as the strength of the force applied to the jig when the
first peak value was obtained. Accordingly, in an as-
sumed case where the sample of each glow plug 10 ex-
erts no influence on the vibration of the jig, the second
peak value is equal to the first peak value, and the am-
plification factor Rx is 1. In actuality, the sample of each
glow plug 10 exerts an influence on the vibration of the
jig, and the amplification factor Rx was greater than 1.
The greater the strength of the resonance between the
jig and the glow plug 10 (in particular, the center rod 30),
the greater the amplification factor Rx. Accordingly, it is
preferred that the amplification factor Rx be small. Also,
when the amplification factor Rx is small, the vibration of
the center rod 30 is restrained. Accordingly, in the case
where the amplification factor Rx is small, it is expected
that the force transmitted from the center rod 30 to the
heater element 40 is mitigated. Notably, the resonance
frequency at which the second peak value is obtained

may differ from the resonance frequency at which the
first peak value is obtained.
[0060] Next, the second evaluation test in which the
assembly 200 (FIG. 3) is used will be described. FIG. 3
is a schematic sectional view of an assembly 200 used
in the evaluation test. The assembly 200 includes the
sleeve 70, the heater element 40 inserted into the sleeve
70, the connection member 90 fixed to the heater element
40, and the center rod 30 fixed to the connection member
90. The remaining elements (specifically, the metallic
shell 20, the packing 50, the insulating member 60, and
the terminal member 80) of the glow plug 10 (FIGS. 1(A)
and 1(B)) are omitted from the assembly 200.
[0061] An outer diameter Da in FIG. 3 is the outer di-
ameter of the heater element 40 at the second position
P2. Afirst distance La is the distance between the first
position P1 and the second position P2 in the direction
parallel to the axial line CL. The second distance Lb, the
length Lf of the neck portion 410, and the smallest outer
diameter Db of the neck portion 410 have already been
described with reference to FIGS. 2(A) and 2(B).
[0062] A method of carrying out the evaluation test is
as follows. The sleeve 70 of the assembly 200 was fixed
to the table of a tester (also called autograph). Subse-
quently, by using the tester, a load F1 in the direction
toward the axial line CL was applied to the outer circum-
ferential surface 30s of the center rod 30, at the first po-
sition P1, in the direction orthogonal to the axial line CL.
As a result of application of the load F1, the center rod
30 bent in the direction of the load F1. In FIG. 3, a bent
portion of the center rod 30x is shown by broken lines.
Subsequently, the load F1 was increased until the dis-
tance df of movement of the first position P1 in the direc-
tion of the load F1 (i.e., the direction orthogonal to the
axial line CL) due to the application of the load F1 reached
a predetermined distance for reference. The load F1 at
the time when the moving distance df reached the dis-
tance for reference was employed as a load for reference
(in the following description, symbol "F" is used for the
load for reference). From this load for reference F, the
stress of the heater element 40 at the second position
P2 was calculated. A portion (excluding the forward end
portion 41) of the heater element 40 which extends from
the second position P2 toward the forward direction D1
side is held by the sleeve 70. Accordingly, when the load
F is applied to the center rod 30 as shown in FIG. 3, the
stress acting on the portion of the heater element 40 cor-
responding to the second position P2 is large.
[0063] The stress of the heater element 40 at the sec-
ond position P2 was calculated by a formula of "bending
moment M/section modulus Z." The bending moment M
is the bending moment at the second position P2 and
calculated by a formula of "the load for difference F x the
first distance La." The section modulus Z is the section
modulus of the heater element 40 at the second position
P2. The heater element 40 used in the present evaluation
test has the shape of a circular column extending along
the axial line CL. Therefore, the section modulus at the
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second position P2 is represented by "(π3Da3)/32." As
a result, the stress Sa acting on the portion of the heater
element 40 corresponding to the second position P2 is
represented by F3La/((π3Da3)/32). Subsequently, the
ratio of the calculated stress Sa to a reference stress Sz
determined in advance was calculated as a stress ratio
Ra (Ra = Sa/Sz). The reference stress Sz is a stress
which can have an influence on cracking of the heater
element 40. The larger the stress ratio Ra, the larger the
stress acting on the heater element 40. From the view-
point of prevention of breakage of the heater element 40,
it is preferred that the stress ratio Ra be small, and it is
particularly preferred that the stress ratio Ra be 1 or less
(namely, the stress Sa be equal to or less than the ref-
erence stress Sz). Each of the test results of FIG. 4(B)
and FIGS. 5(A) to 5(C) shows the stress ratios Ra of
samples of a plurality of assemblies 200 different from
one another in terms of the structure of the center rod 30.
[0064] Next, parameters which represent the structure
of the center rod 30 of each sample will be described.
The horizontal axes of the graphs of FIGS. 4(A) to 4(C)
and FIGS. 5(A) to 5(C) show the parameters which rep-
resent the structure of the center rod 30. In the graphs
of FIGS. 4(A) and 4(B), the angle Ang (FIG. 2(C)) differs
among the plurality of samples. In the graph of FIG. 4(C),
the pitch Pt (FIG. 2(B)) differs among the plurality of sam-
ples. In the graph of FIG. 5(A), distance ratio RLb which
will be described later differs among the plurality of sam-
ples. In the graph of FIG. 5(B), the length Lf described
with reference to FIG. 2(B) differs among the plurality of
samples. In the graph of FIG. 5(C), outer diameter ratio
RDb which will be described later differs among the plu-
rality of samples. In all the samples, the neck portion 410
is formed to satisfy the relation of L1 = L2 (FIG. 2(B)).
[0065] The distance ratio RLb of the horizontal axis of
the graph of FIG. 5(A) is the ratio of the second distance
Lb to a reference distance Dz (RLb = Lb/Dz). The refer-
ence distance Dz is represented by 19.73La/(Da3) (the
details will be described later). The distance ratio RLb
shows the position of the forward end 410f of the neck
portion 410. The larger the distance ratio RLb, the greater
the remoteness of the forward end 410f of the neck por-
tion 410 from the first position P1; i.e., the greater the
closeness of the forward end 410f to the heater element
40.
[0066] The reference distance Dz was determined as
follows. As described above, the stress acting on the por-
tion of the heater element 40 corresponding to the second
position P2 is represented by F3La/((π3Da3)/32). Also,
the stress acting on the forward end 410f of the neck
portion 410 of the center rod 30 is represented by
F3Lb/((π3Db3)/32). The forward end 410f of the neck
portion 410 is a part of the neck portion 410 which is the
most remote from the first position P1 and at which a
large stress acts. In order to prevent the breakage of the
heater element 40, it is preferred that the stress acting
on the heater element 40 be equal to or less than that
acting on the center rod 30. Namely, it is preferred that

a relational expression of "F3La/((π3Da3)/32) <
F3Lb/((π3Db3)/32)" be satisfied. When this relational
expression is arranged for the smallest outer diameter
Db of the neck portion 410, a relational expression of "Db
< (the cubic root of (Lb/La))3Da" is derived. In order to
prevent the breakage of the heater element 40, it is pre-
ferred that the smallest outer diameter Db of the neck
portion 410 be small. For example, when the outer diam-
eter Db is less than 2.7 mm, the breakage of the heater
element 40 can be prevented. When Db = 2.7 mm, the
above-mentioned relational expression becomes "Lb >
19.73La/Da3." The right side of this relational expres-
sion; i.e., the smallest value of the second distance Lb
represented by this relational expression, was employed
as the reference distance Dz.
[0067] The outer diameter ratio RDb of the horizontal
axis of the graph of FIG. 5(C) is the ratio of the smallest
outer diameter Db of the neck portion 410 to a reference
outer diameter Dy (RDb = Db/Dy). The reference outer
diameter Dy is represented by (the cubic root of
(Lb/La))3Da (the details will be described later). The
smaller the outer diameter ratio RDb, the smaller the
smallest outer diameter Db of the neck portion 410; i.e.,
the greater the easiness of bending of the center rod 30.
[0068] The reference outer diameter Dy was deter-
mined as follows. As described above, the stress acting
on the portion of the heater element 40 corresponding to
the second position P2 is represented by
F3La/((π3Da3)/32). Also, the stress acting on the for-
ward end 410f of the neck portion 410 of the center rod
30 is represented by F3Lb/((π3Db3)/32). It is preferred
that the stress acting on the heater element 40 be less
than the stress acting on the center rod 30. Namely, it is
preferred that a relational expression of
"F3La/((π3Da3)/32) < F3Lb/((π3Db3)/32)" be satisfied.
When this relational expression is arranged for the small-
est outer diameter Db, a relational expression of "Db <
(the cubic root of (Lb/La))3Da" is derived. The right side
of this relational expression; i.e., the upper limit of the
smallest outer diameter Db represented by this relational
expression is the reference outer diameter Dy.
[0069] Next, the test results will be described. In the
graph of FIG. 4(A), the horizontal axis shows the angle
Ang (FIG. 2(C), and the vertical axis shows the amplifi-
cation factor Rx. As shown in FIG. 4(A), three types of
samples (Ang = 30, 60, 90 (deg.)) were evaluated. These
samples were the same in terms of the structure of the
center rod 30 except the angle Ang. For example, the
pitch Pt was 1.06 mm, the length Lf of the neck portion
410 was 20 mm, the distance ratio RLb was 1.24, and
the outer diameter ratio RDb was 0.83.
[0070] As shown in FIG. 4(A), in the case where the
angle Ang was 30 deg., the amplification factor Rx was
smaller as compared with the case where the angle Ang
was 60 deg. or greater. The reason for this is presumably
as follows. Since the length Lf and the pitch Pt are fixed
among the three types of samples used in the present
evaluation test, the smaller the angle Ang, the greater
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the length L1 of each bottom portion 310. Namely, the
smaller the angle Ang, the greater the total sum of the
first lengths L1 of the plurality of bottom portions 310 of
the neck portion 410. Accordingly, the smaller the angle
Ang, the greater the easiness of bending of the neck por-
tion 410 of the center rod 30. Specifically, as a result of
bending at each of the plurality of bottom portions 310,
the neck portion 410 of the center rod 30 bends greatly
as a whole. Also, force may be transmitted between the
engine (the jig used in the evaluation test) and the center
rod 30 through other members of the glow plug 10 (for
example, the heater element 40, the sleeve 70, the me-
tallic shell 20, etc.). This force is mitigated as a result of
bending of the neck portion 410. For the reason described
above, the smaller the angle Ang, the greater the degree
to which the force transmitted between the engine (the
jig used in the evaluation test) and the center rod 30 is
mitigated. As a result, presumably, the amplification fac-
tor Rx decreases.
[0071] Notably, in the range within which the angle Ang
is less than 60 deg., the amplification factor Rx was par-
ticularly small as compared with the range within which
the angle Ang is equal to or greater than 60 deg. Accord-
ingly, it is preferred that the angle Ang be less than 60
deg.
[0072] In the graph of FIG. 4(B), the horizontal axis
shows the angle Ang (FIG. 2(C), and the vertical axis
shows the stress ratio Ra. As shown in FIG. 4(B), three
types of samples (Ang = 30, 60, 90 (deg.)) were evalu-
ated. These samples were the same in terms of the struc-
ture of the center rod 30 except the angle Ang. For ex-
ample, the pitch Pt was 1.06 mm, the length Lf of the
neck portion 410 was 20 mm, the distance ratio RLb was
1.24, and the outer diameter ratio RDb was 0.83.
[0073] As shown in FIG. 4(B), the smaller the angle
Ang, the smaller the stress ratio Ra. Presumably, the
reason for this is that, as described above, the smaller
the angle Ang, the greater the easiness of bending of the
neck portion 410 of the center rod 30. Specifically, the
smaller the angle Ang, the greater the amount by which
the neck portion 410 of the center rod 30 bends upon
application of the same load F1 (FIG. 3). As a result, the
smaller the angle Ang, the smaller the stress acting on
the heater element 40; i.e., the smaller the stress ratio Ra.
[0074] Also, when the graph of FIG. 4(A) and the graph
of FIG. 4(B) are combined together, there can be pre-
sumed that when the angle Ang is less than 60 deg., both
the amplification factor Rx and the stress ratio Ra can be
decreased as compared with the case where the angle
Ang is 60 deg. or greater. Accordingly, it is preferred that
the angle Ang be less than 60 deg.
[0075] Notably, in order to properly form the grooves
300, it is preferred that each groove 300 is configured
such that its width increases toward the radially outer
side on a cross section including the axial line CL. Name-
ly, it is preferred that on a flat cross section containing
the axial line CL, the first sloping surface 320 on the for-
ward direction D1 side of each bottom portion 310 slopes

from the bottom portion 310 toward the forward direction
D1 side to be oblique to the axial line CL, and the second
sloping surface 330 on the rear direction D1r side of each
bottom portion 310 slopes from the bottom portion 310
toward the rear direction D1r side to be oblique to the
axial line CL. Namely, in the case where the angle Ang
is greater than 0 deg., the neck portion 410 can be formed
properly. Accordingly, the angle Ang may be any of var-
ious angles greater than 0 deg.
[0076] In the graph of FIG. 4(C), the horizontal axis
shows the pitch Pt, and the vertical axis shows the am-
plification factor Rx. As shown in FIG. 4(C), four types of
samples (Pt = 0.7, 1.1, 2.1, 3.7 (mm)) were evaluated.
The angles Ang of the samples were not smaller than 59
deg. but less than 60 deg. These samples were the same
in terms of the structure of the center rod 30 except the
pitch Pt and the angle Ang. For example, the length Lf
of the neck portion 410 was 20 mm, the distance ratio
RLb was 1.24, and the outer diameter ratio RDb was 0.83.
[0077] As shown in FIG. 4(C), in the case where the
pitch Pt is less than 1.1 mm, the amplification factor Rx
was smaller as compared with the case where the pitch
Pt is 1.1 mm or greater. The reason for this is presumably
as follows. Since the length Lf is fixed and the angle Ang
is approximately the same among the four types of sam-
ples used in the present evaluation test, the smaller the
pitch Pt, the greater the total number of the grooves 300
of the neck portion 410. Accordingly, the smaller the pitch
Pt, the greater the easiness of bending of the neck portion
410 of the center rod 30. Specifically, as a result of bend-
ing at each of the plurality of bottom portions 310, the
neck portion 410 of the center rod 30 bends greatly as a
whole. As described above, in the case where the neck
portion 410 of the center rod 30 easily bends, the force
transmitted between the engine (the jig used in the eval-
uation test) and the center rod 30 is mitigated. For the
above-described reason, it is presumed that the smaller
the pitch Pt, the smaller the amplification factor Rx.
[0078] Notably, in the range within which the pitch Pt
is less than 1.1 mm, the amplification factor Rx was par-
ticularly small as compared with the range within which
the pitch Pt is equal to or greater than 1.1 mm. Accord-
ingly, it is preferred that the pitch Pt be less than 1.1 mm.
[0079] In the graph of FIG. 5(A), the horizontal axis
shows the distance ratio RLb, and the vertical axis shows
the stress ratio Ra. As shown in FIG. 5(A), four types of
samples were evaluated. These samples differed from
one another in the distance ratio RLb (specifically, the
second distance Lb, and therefore, the position of the
neck portion 410), and were the same in the remaining
configuration of the center rod 30. For example, the
length Lf of the neck portion 410 was 20 mm, the outer
diameter ratio RDb was 0.83, the angle Ang was 60 de-
grees, and the pitch Pt was 1.06 mm.
[0080] As shown in FIG. 5(A), the larger the distance
ratio RLb (i.e., the larger the second distance Lb), the
smaller the stress ratio Ra. The reason for this is pre-
sumably as follows. The larger the distance ratio RLb,
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the greater the remoteness of the neck portion 410 from
the first position P1 at which the load F (FIG. 3) acts, and
the larger the stress acting on the neck portion 410 of
the center rod 30. Accordingly, the larger the distance
ratio RLb, the greater the amount by which the neck por-
tion 410 of the center rod 30 bends upon application of
the same load. Specifically, as a result of bending at the
plurality of bottom portions 310, the neck portion 410 of
the center rod 30 bends greatly as a whole. As a result,
the greater the distance ratio RLb, the smaller the stress
acting on the heater element 40; i.e., the smaller the
stress ratio Ra.
[0081] Also, as shown in FIG. 5(A), the stress ratio Ra
of the sample whose distance ratio RLb was less than
1.0 was larger than 1.0. In contrast, the stress ratios Ra
of the samples whose distance ratios RLb were larger
than 1.0 were 1.0 or less. As described above, the stress
acting on the heater element 40 was able to be decreased
properly; i.e., the force transmitted from the center rod
30 to the heater element 40 was able to be mitigated
properly, through employment of the distance ratios RLb
larger than 1.0 (i.e., the second distances Lb larger than
the reference distance Dz).
[0082] Notably, the distance ratios RLb which realized
good stress ratios Ra of 1.0 or less were 1.10, 1.24, and
1.31. A preferred range of the distance ratio RLb (a range
between the lower and upper limits of the distance ratio
RLb) may be determined through use of the above-men-
tioned three values. Specifically, any one of the three
values may be employed as the lower limit of the pre-
ferred range of the distance ratio RLb. For example, the
distance ratio RLb may be equal to or greater than 1.10.
Namely, the second distance Lb may be equal to or great-
er than 1.10 times of the reference distance Dz. Also,
any one of the three values which is greater than the
lower limit may be employed as the upper limit of the
preferred range of the distance ratio RLb. For example,
the distance ratio RLb may be equal to or less than 1.31.
Namely, the second distance Lb may be equal to or less
than 1.31 times of the reference distance Dz.
[0083] Notably, the larger the distance ratio RLb, the
greater the remoteness of the neck portion 410 from the
first position P1, and the larger the stress acting on the
neck portion 410. In order to mitigate the force transmitted
from the center rod 30 to the heater element 40 by bend-
ing of the neck portion 410 of the center rod 30, it is
preferred that the distance ratio RLb (i.e., the second
distance Lb) be large. For example, the distance ratio
RLb may be larger than any of the distance ratios RLb
of the samples shown in FIG. 5(A). Notably, the distance
ratio RLb assumes the largest value when the position
(in the direction parallel to the axial line CL) of the neck
portion 410 in the center rod 30 is determined such that
the forward end 410f of the neck portion 410 coincides
with the forward end of the center rod 30. The distance
ratio RLb may be any of various values equal to or smaller
than such a largest value. Namely, the second distance
Lb may be any of various values equal to or smaller than

the distance between the first position P1 and the forward
end of the center rod 30.
[0084] Notably, in general, in order to prevent break-
age of the heater element 40, it is preferred that the stress
acting on the portion of the heater element 40 corre-
sponding to the second position P2 be smaller than the
stress acting on the portion of the center rod 30 corre-
sponding to the forward end 410f of the neck portion 410.
Accordingly, as described above, it is preferred to satisfy
the relation of "the second distance Lb > the reference
distance Dz (the distance ratio RLb > 1.0)." It is presumed
that the preferred range of the second distance Lb can
be applied to various center rods (for example, center
rods whose neck portions have various angles Ang less
than 60 deg. and have various pitches Pt less than 1.1
mm). Further, it is presumed that the above-described
various preferred ranges of the second distance Lb de-
rived from the graph of FIG. 5(A) can be applied to various
center rods (for example, center rods whose neck por-
tions have various angles Ang less than 60 deg. and have
various pitches Pt less than 1.1 mm).
[0085] Notably, the distance ratio RLb may be outside
the preferred range described above. For example, in
the case where the length Lf is longer than 20 mm which
is the length Lf of the samples, even when the distance
ratio RLb is less than 1.0, it is expected that a good stress
ratio Ra can be realized. Also, in the case where the outer
diameter ratio RDb is smaller than 0.83 which is the outer
diameter ratio RDb of the samples, even when the dis-
tance ratio RLb is less than 1.0, it is expected that a good
stress ratio Ra can be realized.
[0086] The graph of FIG. 5(B) shows the results of the
evaluation performed for six types of samples. These
samples differed from one another in the length Lf of the
neck portion 410 and were the same in the remaining
configuration of the center rod 30. For example, the dis-
tance ratio RLb was 1.24, the outer diameter ratio RDb
was 0.83, the angle Ang was 60 degrees, and the pitch
Pt was 1.06 mm. The position of the forward end 410f of
the neck portion 410 is the same among the six types of
samples, and the position of the rear end 410r of the neck
portion 410 differs among the six types of sample. In all
the samples, the rear end 410r of the neck portion 410
is located on the forward direction D1 side of the contact
area Ac between the center rod 30 (FIGS. 1(A) and 1(B)
and FIG. 2(A)) and the packing 50 (i.e., located on the
forward direction D1 side of the first position P1). Also,
the total number of the grooves 300 changes in direct
proportional to the length Lf.
[0087] FIG. 6 is a schematic external view of the center
rod 30 for the case where the length Lf is long (for exam-
ple, the length Lf of the neck portion 410 is equal to or
greater than one half of the length of the center rod 30
between the forward end 30f and the rear end 30r in the
direction parallel to the axial line CL. As described above,
even in the case where the length Lf is long, the rear end
410r of the neck portion 410 is located on the forward
direction D1 side of the contact area Ac between the cent-
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er rod 30 and the packing 50. Also, the neck portion 410
includes a portion disposed on the forward direction D1
side of the middle position P3.
[0088] As shown in FIG. 5(B), the greater the length
Lf, the smaller the stress ratio Ra. The reason for this is
presumably as follows. As having been described with
reference to FIG. 2(B), the outer diameter Db of the por-
tions of the center rod 30 which form the bottom portions
310 is smaller than the outer diameter of the remaining
portion of the center rod 30. Accordingly, in the case
where the load F is applied to the center rod 30 as shown
in FIG. 3, the stress acting on the portions of the center
rod 30 which form the bottom portions 310 becomes larg-
er than the stress acting on the remaining portion of the
center rod 30. Thus, the portions of the center rod 30
which form the bottom portions 310 bend. In the case
where the length Lf is long, the total number of the
grooves 300 of the neck portion 410 (namely, the total
number of the bottom portions 310 having the smallest
outer diameter Db) increases as compared with the case
where the length Lf is short. Accordingly, the greater the
length Lf of the neck portion 410, the greater the degree
of bending of the neck portion 410 of the center rod 30
upon application of the same load to the center rod 30.
As a result, the greater the length Lf of the neck portion
410, the smaller the stress acting on the heater element
40; i.e., the smaller the stress ratio Ra.
[0089] Also, as shown in FIG. 5(B), whereas the stress
ratios Ra of the samples whose lengths Lf were less than
5 mm were larger than 1.0, the stress ratios Ra of the
samples whose lengths Lf were 5 mm or greater were
smaller than 1.0. As described above, through employ-
ment of lengths Lf equal to or greater than 5 mm, the
stress acting on the heater element 40 was able to be
decreased properly; namely, the force transmitted from
the center rod 30 to the heater element 40 was able to
be mitigated properly.
[0090] Notably, the lengths Lf which realized good
stress ratios Ra of 1.0 or smaller were 5, 11, 50, and 80
(mm). A preferred range of the length Lf of the neck por-
tion 410 (a range between the lower and upper limits of
the length Lf) may be determined through use of the
above-mentioned four values. Specifically, any one of
the four values may be employed as the lower limit of the
preferred range of the length Lf. For example, the length
Lf may be equal to or greater than 5 mm. Also, any one
of these values which is greater than the lower limit may
be employed as the upper limit of the preferred range of
the length Lf. For example, the length Lf may be equal
to or less than 80 mm.
[0091] Notably, the greater the length Lf of the neck
portion 410, the greater the total number of the bottom
portions 310 at which the center rod 30 easily bends.
Accordingly, in order to mitigate the force transmitted
from the center rod 30 to the heater element 40 by bend-
ing of the neck portion 410 of the center rod 30, it is
preferred that the length Lf be long. For example, a length
Lf which is greater than the lengths Lf of the samples

shown in FIG. 5(B) may be employed. Notably, the pos-
sible maximum value of the length Lf is the same as the
entire length of the center rod 30. The length Lf may have
any value equal to or smaller than such a maximum value.
[0092] In general, the greater the length Lf of the neck
portion 410, the greater the easiness of bending of the
neck portion 410 of the center rod 30, and the smaller
the stress acting on the heater element 40. Accordingly,
it is presumed that the above-described various preferred
ranges of the length Lf derived from the graph of FIG.
5(B) can be applied to various center rods (for example,
center rods whose neck portions have various angles
Ang less than 60 deg. and have various pitches Pt less
than 1.1 mm).
[0093] Notably, the length Lf may be outside the above-
described preferred range. For example, in the case
where the distance ratio RLb is larger than 1.24 which is
the distance ratio RLb of the samples, it is expected that
a good stress ratio Ra can be realized even when the
length Lf is less than 5 mm. Also, in the case where the
outer diameter ratio RDb is smaller than 0.83 which is
the outer diameter ratio RDb of the samples, it is expected
that a good stress ratio Ra can be realized even when
the length Lf is less than 5 mm.
[0094] In the graph of FIG. 5(C), the horizontal axis
shows the outer diameter ratio RDb, and the vertical axis
shows the stress ratio Ra. As shown in FIG. 5(C), four
types of samples were evaluated. These samples dif-
fered from one another in the outer diameter ratio RDb
(specifically, the smallest outer diameter Db) and were
the same in the remaining configuration of the center rod
30. For example, the distance ratio RLb was 1.24, the
length Lf of the neck portion 410 was 20 mm, the angle
Ang was 60 degrees, and the pitch Pt was 1.06 mm.
[0095] As shown in FIG. 5(C), the smaller the outer
diameter ratio RDb (namely, the smaller the smallest out-
er diameter Db), the smaller the stress ratio Ra. The rea-
son for this is presumably as follows. The smaller the
outer diameter ratio RDb, the smaller the smallest outer
diameter Db of the bottom portions 310 of the neck por-
tion 410, and the larger the stress acting on the portions
of the center rod 30 corresponding to the bottom portions
310. Accordingly, the smaller the outer diameter ratio
RDb, the greater the degree of bending of the portions
of the center rod 30 corresponding to the bottom portions
310 upon application of the same load. As a result, the
smaller the outer diameter ratio RDb, the smaller the
stress acting on the heater element 40; i.e., the smaller
the stress ratio Ra.
[0096] Also, as shown in FIG. 5(C), the outer diameter
ratios RDb of the four types of evaluated samples were
smaller than 1 (namely, their smallest outer diameters
Db were smaller than the reference outer diameter Dy).
The stress ratios Ra of all the samples were equal to or
less than 1.0. As described above, through employment
of outer diameter ratios RDb less than 1 (namely, small-
est outer diameters Db less than the reference outer di-
ameter Dy), the stress acting on the heater element 40
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was able to be decreased properly; namely, the force
transmitted from the center rod 30 to the heater element
40 was able to be mitigated properly.
[0097] Notably, the outer diameter ratios RDb which
realized good stress ratios Ra of 1.0 or smaller were 0.83,
0.86, 0.90, and 0.93. A preferred range of the outer di-
ameter ratio RDb may be determined through use of the
above-mentioned four values. Specifically, any one of
the four values may be employed as the upper limit of
the preferred range of the outer diameter ratio RDb. For
example, the outer diameter ratio RDb may be equal to
or less than 0.93. Namely, the smallest outer diameter
Db may be equal to or less than 0.93 times of the refer-
ence outer diameter Dy. Also, any of these values which
is less than the upper limit may be employed as the lower
limit of the outer diameter ratio RDb. For example, the
outer diameter ratio RDb may be equal to or greater than
0.83. Namely, the smallest outer diameter Db may be
equal to or greater than 0.83 times of the reference outer
diameter Dy.
[0098] Notably, the smaller the smallest outer diameter
Db, the larger the stress acting on the portions of the
center rod 30 corresponding to the bottom portions 310.
Accordingly, in order to mitigate the force transmitted
from the center rod 30 to the heater element 40 by bend-
ing of the neck portion 410 of the center rod 30, it is
preferred that the smallest outer diameter Db (thus, the
outer diameter ratio RDb) be small. For example, an outer
diameter ratio RDb which may be smaller than the outer
diameter ratios RDb of the samples shown in FIG. 5(C)
may be employed. Notably, in the case where the small-
est outer diameter Db is excessively small, a failure may
occur (for example, the center rod 30 may be broken).
Accordingly, the smallest outer diameter Db is preferably
not excessively small and is preferably, for example, 2
mm or greater.
[0099] Notably, in general, in order to prevent break-
age of the heater element 40, it is preferred that the stress
acting on the portion of the heater element 40 corre-
sponding to the second position P2 be smaller than the
stress acting on the portion of the center rod 30 corre-
sponding to the forward end 410f of the neck portion 410.
Accordingly, as described above, it is preferred to satisfy
the relation of "the smallest outer diameter Db < the ref-
erence outer diameter Dy (the outer diameter ratio RDb
< 1.0)." It is presumed that the preferred range of the
smallest outer diameter Db can be applied to various
center rods (for example, center rods whose neck por-
tions have various angles Ang less than 60 deg. and have
various pitches Pt less than 1.1 mm). Further, it is pre-
sumed that the above-described various preferred rang-
es of the smallest outer diameter Db derived from the
graph of FIG. 5(C) can be applied to various center rods
(for example, center rods whose neck portions have var-
ious angles Ang less than 60 deg. and have various pitch-
es Pt less than 1.1 mm).
[0100] Notably, the outer diameter ratio RDb (thus, the
smallest outer diameter Db) may be outside the above-

described preferred range. For example, in the case
where the distance ratio RLb is larger than 1.24 which is
the distance ratio RLb of the samples, it is expected that
a good stress ratio Ra can be realized even when the
outer diameter ratio RDb is equal to or greater than 1.
Also, in the case where the length Lf of the neck portion
410 is greater than 20 mm which is the length Lf of the
samples, it is expected that a good stress ratio Ra can
be realized even when the outer diameter ratio RDb is
equal to or greater than 1.

C. Second embodiment:

[0101] FIGS. 7(A), 7(B), and 7(C) are schematic views
of another embodiment of the center rod. FIG. 7(A) sche-
matically shows the external appearance of a center rod
30c as in the case of FIG. 2(A). The center rod 30c differs
from the center rod 30 of the first embodiment shown in
FIGS. 2(A), 2(B), and 2(C) only in the point that a first
transition portion 500 is formed on the forward side of
the neck portion 410 to be located adjacent thereto, and
a second transition portion 700 is formed on the rear side
of the neck portion 410 to be located adjacent thereto.
The configurations of other portions of the center rod 30c
are identical with those of corresponding portions of the
center rod 30 of the first embodiment (elements identical
with the corresponding elements of the center rod 30 are
denoted by the same reference numerals and their de-
scriptions are omitted). This center rod 30c can be used
in place of the center rod 30 shown in FIGS. 1(A) and 1(B).
[0102] Each of the first transition portion 500 and the
second transition portion 700 is a portion which has
grooves formed on the outer circumferential surface 30s
of the center rod 30c such that the grooves extend in the
circumferential direction of the center rod 30c as in the
case of the neck portion 410. However, the depth of the
grooves differs from the depth of the grooves 300 of the
neck portion 410 (the details will be described later).
[0103] The first transition portion 500 is connected to
the end of the neck portion 410 on the forward direction
D1 side, and is provided on the rearward direction D1r
side of the forward end portion 31 of the center rod 30c.
No groove is formed on a portion 910 on the forward side
of the first transition portion 500 (hereinafter referred to
as the "first trunk portion 910"). The first trunk portion 910
is a circular columnar portion which is connected to the
end of the first transition portion 500 on the forward di-
rection D1 side and which has an approximately constant
outer diameter Dc.
[0104] The second transition portion 700 is connected
to the end of the neck portion 410 on the rearward direc-
tion D1 r side, and is provided on the forward direction
D1 side of the rear end portion 39 of the center rod 30c.
No groove is formed on a portion 920 on the rear side of
the second transition portion 700 (hereinafter referred to
as the "second trunk portion 920"). The second trunk
portion 920 is a circular columnar portion which is con-
nected to the end of the second transition portion 700 on
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the rearward direction D1 r side and which has an ap-
proximately constant outer diameter Dc.
[0105] FIG. 7(B) shows a cross section (flat cross sec-
tion containing the axial line CL) of the first transition por-
tion 500 of the center rod 30c. In FIG. 7(B), hatching is
omitted (similarly, hatching is omitted in FIG. 7(C), FIGS.
8(A) and 8(B), FIGS. 9(A) and 9(B), and
[0106] FIGS. 10(A) and 10(B) which will be described
later). As shown in FIG. 6(B), a plurality of grooves (i.e.,
radially inward recesses) 600 are formed on the outer
circumferential surface of the first transition portion 500.
Each groove 600 is a closed loop groove which extends,
on the outer circumferential surface 30s of the center rod
30c, completely around the center rod 30c in the circum-
ferential direction thereof. The plurality of grooves 600
are formed successively in the direction parallel to the
axial line CL. In the present embodiment, the first transi-
tion portion 500 has three grooves 600.
[0107] On the cross section of FIG. 7(B), each groove
600 is defined by a bottom portion 610 and two sloping
surfaces which are located on opposite sides of the bot-
tom portion 610; i.e., a first sloping surface 620 on the
forward direction D1 side and a second sloping surface
630 on the rearward direction D1r side. Like the first slop-
ing surface 320 of each groove 300 of the neck portion
410, the first sloping surface 620 slants toward the for-
ward direction D1 side, when the sloping surface is fol-
lowed from the inner side toward the outer side in the
radial direction. Like the second sloping surface 330 of
each groove 300 of the neck portion 410, the second
sloping surface 630 slants toward the rearward direction
D1r side, when the sloping surface is followed from the
inner side toward the outer side in the radial direction.
Although not illustrated, the angle formed between the
first sloping surface 620 and the second sloping surface
630 is the same as the angle Ang formed between the
first sloping surface 320 and the second sloping surface
330 described with reference to FIG. 2(C) (however, the
angle formed between the sloping surfaces 620 and 630
may differ from the angle Ang formed between the sloping
surfaces 320 and 330). The radially outer end of the first
sloping surface 620 and the radially outer end of the ad-
jacent second sloping surface 630 on the forward direc-
tion D1 side of the first sloping surface 620 are connected
to a common crest portion 640. Each crest portion 640
has an outer circumferential surface approximately par-
allel to the axial line CL. The outer diameter of the crest
portions 640 is the same as the outer diameter of the
crest portions 340 of the neck portion 410 (however, the
outer diameter of the crest portions 640 may differ from
the outer diameter of the crest portions 340 of the neck
portion 410).
[0108] Each bottom portion 610 has an outer circum-
ferential surface approximately parallel to the axial line
CL. The bottom portion 610 is a portion of the correspond-
ing groove 600 which has the smallest outer diameter.
Outer diameters D61 to D63 and radiuses R61 to R63 in
FIG. 7(B) show the outer diameters and radiuses of the

three bottom portions 610 successively arranged toward
the forward direction D1 side. In the present embodiment,
the three outer diameters D61 to D63 are the same. Also,
the three outer diameters D61 to D63 are larger than the
outer diameter Db of the bottom portions 310 of the neck
portion 410 and smaller than the outer diameter Dc of
the first trunk portion 910. Namely, the distances between
the center axis of the center rod 30c (which is the same
as the center axis CL in the present embodiment) and
the outer circumferential surfaces of the bottom portions
610 of the grooves 600 of the first transition portion 500
(the radiuses R61 to R63 in the present embodiment) are
larger than the distance (one half of Db) between the
center axis CL and the outer circumferential surfaces of
the bottom portions 310 of the grooves 300 of the neck
portion 410, and smaller than the distance (one half of
Dc) between the center axis CL and the outer circumfer-
ential surface of the first trunk portion 910.
[0109] As described above, between the neck portion
410 and the first trunk portion 910, there are formed the
grooves 600 which are larger in outer diameter than the
bottom portions 310 of the grooves 300 of the neck por-
tion 410 and are smaller in outer diameter than the first
trunk portion 910. Accordingly, when a force is applied
to the center rod 30c, the bottom portions 610 of the
grooves 600 bend, whereby the concentration of stress
on the end of the neck portion 410 on the forward direction
D1 side can be mitigated. As a result, excessive bending
of the center rod 30c can be prevented.
[0110] Notably, the pitch Pt of the plurality of grooves
600 in the direction parallel to the axial line CL is the
same as the pitch Pt of the plurality of grooves 300 of the
neck portion 410. In FIG. 7(B), the pitch Pt is determined
by using the center position of each of the bottom portions
610 and 310 in the direction parallel to the axial line CL
as a reference. Also, as shown in FIG. 6(B), the pitch Pt1
(also referred to as the "first connection pitch Pt1") be-
tween the forwardmost groove 300 of the neck portion
410 and the rearmost groove 600 of the first transition
portion 500 is also the same as the pitch Pt.
[0111] FIG. 7(C) shows a cross section (flat cross sec-
tion containing the axial line CL) of the second transition
portion 700 of the center rod 30c. In the present embod-
iment, the shape of the first transition portion 500 and
the shape of the second transition portion 700 are plane
symmetry with each other with respect to a symmetry
plane Ps (FIG. 7(A)) orthogonal to the center axis CL of
the center rod 30c (the symmetry plane Ps is located at
the center of the neck portion 410). Specifically, a plurality
of grooves (i.e., radially inward recesses) 800 are formed
on the outer circumferential surface of the second tran-
sition portion 700. Each groove 800 is a closed loop
groove which extends, on the outer circumferential sur-
face 30s of the center rod 30c, completely around the
center rod 30c in the circumferential direction thereof.
The plurality of grooves 800 are formed successively in
the direction parallel to the axial line CL. Notably, the
shape of the first transition portion 500 may differ from
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the shape of the second transition portion 700.
[0112] Each groove 800 is defined by a bottom portion
810 and two sloping surfaces which are located on op-
posite sides of the bottom portion 810; i.e., a first sloping
surface 820 on the forward direction D1 side and a sec-
ond sloping surface 830 on the rearward direction D1r
side. Like the first sloping surface 620 (FIG. 7(B)), the
first sloping surface 820 slants toward the forward direc-
tion D1 side. Like the second sloping surface 630 (FIG.
7(B)), the second sloping surface 830 slants toward the
rearward direction D1r side. Although not illustrated, the
angle formed between the first sloping surface 820 and
the second sloping surface 830 is the same as the angle
Ang formed between the first sloping surface 320 and
the second sloping surface 330 described with reference
to FIG. 2(C) (however, the angle formed between the
sloping surfaces 820 and 830 may differ from the angle
Ang formed between the sloping surfaces 320 and 330).
The radially outer end of the first sloping surface 820 and
the radially outer end of the adjacent second sloping sur-
face 830 on the forward direction D1 side of the first slop-
ing surface 820 are connected to a common crest portion
840. Each crest portion 840 has an outer circumferential
surface approximately parallel to the axial line CL. The
outer diameter of the crest portions 840 is the same as
the outer diameter of the crest portions 340 of the neck
portion 410 (however, the outer diameter of the crest por-
tions 840 may differ from the outer diameter of the crest
portions 340 of the neck portion 410).
[0113] Each bottom portion 810 has an outer circum-
ferential surface approximately parallel to the axial line
CL. The bottom portion 810 is a portion of the correspond-
ing groove 800 which has the smallest outer diameter.
Outer diameters D81 to D83 and radiuses R81 to R83 in
FIG. 7(C) show the outer diameters and radiuses of the
three bottom portions 810 arranged toward the rearward
direction D1r side. In the present embodiment, the three
outer diameters D81 to D83 are the same. Also, the three
outer diameters D81 to D83 are larger than the outer
diameter Db of the bottom portions 310 of the neck por-
tion 410 and smaller than the outer diameter Dc of the
second trunk portion 920. Namely, the distances be-
tween the center axis CL of the center rod 30c and the
outer circumferential surfaces of the bottom portions 810
of the grooves 800 of the second transition portion 700
(the radiuses R81 to R83 in the present embodiment) are
larger than the distance (one half of Db) between the
center axis CL and the outer circumferential surfaces of
the bottom portions 310 of the grooves 300 of the neck
portion 410, and smaller than the distance (one half of
Dc) between the center axis CL and the outer circumfer-
ential surface of the second trunk portion 920.
[0114] As described above, between the neck portion
410 and the second trunk portion 920, there are formed
the grooves 800 which are larger in outer diameter than
the bottom portions 310 of the grooves 300 of the neck
portion 410 and are smaller in outer diameter than the
second trunk portion 920. Accordingly, when a force is

applied to the center rod 30c, the bottom portions 810 of
the grooves 800 bend, whereby the concentration of
stress on the end of the neck portion 410 on the rearward
direction D1r side can be mitigated. As a result, excessive
bending of the center rod 30c can be prevented.
[0115] Notably, the pitch Pt of the plurality of grooves
800 in the direction parallel to the axial line CL is the
same as the pitch Pt of the plurality of grooves 300 of the
neck portion 410. In FIG. 7(C), the pitch Pt is determined
by using the center position of each of the bottom portions
810 and 310 in the direction parallel to the axial line CL
as a reference. Also, as shown in FIG. 6(C), the pitch Pt2
(also referred to as the "second connection pitch Pt2")
between the rearmost groove 300 of the neck portion 410
and the forwardmost groove 800 of the second transition
portion 700 is also the same as the pitch Pt.
[0116] Notably, the first transition portion 500 having
the plurality of grooves 600 and the second transition
portion 700 having the plurality of grooves 800 can be
formed on the center rod 30c through use of any of var-
ious methods such as cutting and form rolling.

D. Third embodiment:

[0117] FIGS. 8(A) and 8(B) are schematic views of still
another embodiment of the center rod. The center rod
30d of the present embodiment differs from the center
rod 30c of the embodiment shown in FIGS. 7(A), 7(B),
and 7(C) only in the point that the first transition portion
500 is replaced with a first transition portion 500d, and
the second transition portion 700 is replaced with a sec-
ond transition portion 700d. FIG. 8(A) shows a cross sec-
tion of the first transition portion 500d and FIG. 8(B)
shows a cross section of the second transition portion
700d (each of the cross sections is a flat cross section
containing the axial line CL). The first transition portion
500d (FIG. 8(A)) differs from the first transition portion
500 (FIG. 7(B)) in terms of the total number of the grooves
600 and the outer diameters of the bottom portions 610.
The second transition portion 700d (FIG. 8(B)) differs
from the second transition portion 700 (FIG. 7(C)) in
terms of the total number of the grooves 800 and the
outer diameters of the bottom portions 810. The config-
urations of other portions of the center rod 30d of the
present embodiment are identical with those of corre-
sponding portions of the center rod 30c shown in FIGS.
7(A), 7(B), and 7(C) (elements identical with the corre-
sponding elements of the center rod 30c are denoted by
the same reference numerals and their descriptions are
omitted).
[0118] As shown in FIG. 8(A), in the present embodi-
ment, the first transition portion 500d has five grooves
600. Outer diameters D61 to D65 and radiuses R61 to
R65 in FIG. 8(A) show the outer diameters and radiuses
of the five bottom portions 610 arranged toward the for-
ward direction D1 side. As in the case of the embodiment
shown in FIG. 7(B), each of the outer diameters D61 to
D65 is larger than the outer diameter Db of the bottom
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portions 310 of the neck portion 410 and smaller than
the outer diameter Dc of the first trunk portion 910. Name-
ly, each of the radiuses R61 to R65 is larger than one
half of the outer diameter Db of the bottom portions 310
of the neck portion 410 and smaller than one half of the
outer diameter Dc of the first trunk portion 910. Accord-
ingly, as in the case of the embodiment shown in FIG.
7(B), when a force is applied to the center rod 30d, the
bottom portions 610 of the grooves 600 bend, whereby
the concentration of stress on the end of the neck portion
410 on the forward direction D1 side can be mitigated.
As a result, excessive bending of the center rod 30d can
be prevented.
[0119] In the present embodiment, unlike the embod-
iment shown in FIG. 7(B), the five bottom portions 610
have different outer diameters. Specifically, the outer di-
ameters D61 to D65 of the five bottom portions 610 in-
crease toward the forward direction D1 side (D65 > D64
> D63 > D62 > D61). Namely, as to the five grooves 600,
the outer diameter of the bottom portion 610 of the groove
600 on the forward side is larger than the outer diameter
of the bottom portion 610 of the groove 600 on the rear
side. As described above, the plurality of grooves 600 of
the first transition portion 500d are formed such that the
groove outer diameter gradually changes between the
neck portion 410 and the first trunk portion 910. Accord-
ingly, it is possible to mitigate the concentration of stress
on a portion of the first transition portion 500d (for exam-
ple, an end portion on the forward direction D1 side or
an end portion on the rearward direction D1r side). As a
result, excessive bending of the center rod 30d can be
prevented.
[0120] As shown in FIG. 8(B), in the present embodi-
ment, the second transition portion 700d has five grooves
800. Outer diameters D81 to D85 and radiuses R81 to
R85 in FIG. 8(B) show the outer diameters and radiuses
of the five bottom portions 810 arranged toward the rear-
ward direction D1r side. As in the case of the embodiment
shown in FIG. 7(C), each of the outer diameters D81 to
D85 is larger than the outer diameter Db of the bottom
portions 310 of the neck portion 410 and smaller than
the outer diameter Dc of the first trunk portion 910. Name-
ly, each of the radiuses R81 to R85 is larger than one
half of the outer diameter Db of the bottom portions 310
of the neck portion 410 and smaller than one half of the
outer diameter Dc of the first trunk portion 910. Accord-
ingly, as in the case of the embodiment shown in FIG.
7(C), when a force is applied to the center rod 30d, the
bottom portions 810 of the grooves 800 bend, whereby
the concentration of stress on the end of the neck portion
410 on the rearward direction D1r side can be mitigated.
As a result, excessive bending of the center rod 30d can
be prevented.
[0121] In the present embodiment, unlike the embod-
iment shown in FIG. 7(C), the five bottom portions 810
have different outer diameters. Specifically, the outer di-
ameters D81 to D85 of the five bottom portions 810 in-
crease toward the rearward direction D1r side (D81 <

D82 < D83 < D84 < D85). Namely, as to the five grooves
800, the outer diameter of the bottom portion 810 of the
groove 800 on the rear side is larger than the outer di-
ameter of the bottom portion 810 of the groove 800 on
the forward side. As described above, the plurality of
grooves 800 of the second transition portion 700d are
formed such that the groove outer diameter gradually
changes between the neck portion 410 and the second
trunk portion 920. Accordingly, it is possible to mitigate
the concentration of stress on a portion of the second
transition portion 700d (for example, an end portion on
the forward direction D1 side or an end portion on the
rearward direction D1r side). As a result, excessive bend-
ing of the center rod 30d can be prevented.
[0122] Notably, in the present embodiment as well, the
pitch Pt of the plurality of grooves 600 of the first transition
portion 500d is the same as the pitch Pt of the plurality
of grooves 300 of the neck portion 410. The first connec-
tion pitch Pt1 between the neck portion 410 and the first
transition portion 500d is the same as the pitch Pt. Sim-
ilarly, the pitch Pt of the plurality of grooves 800 of the
second transition portion 700d is the same as the pitch
Pt of the plurality of grooves 300 of the neck portion 410.
The second connection pitch Pt2 between the neck por-
tion 410 and the second transition portion 700d is the
same as the pitch Pt.
[0123] Notably, the first transition portion 500d having
the plurality of grooves 600 and the second transition
portion 700d having the plurality of grooves 800 can be
formed on the center rod 30d through use of any of var-
ious methods such as cutting and form rolling.

E. Fourth embodiment:

[0124] FIGS. 9(A) and 9(B) are schematic views of yet
another embodiment of the center rod. The center rod
30e of the present embodiment differs from the center
rod 30d of the embodiment shown in FIGS. 8(A) and 8(B)
only in the point that the first transition portion 500d is
replaced with a first transition portion 500e, and the sec-
ond transition portion 700d is replaced with a second
transition portion 700e. FIG. 9(A) shows a cross section
of the first transition portion 500e and FIG. 9(B) shows a
cross section of the second transition portion 700e (each
of the cross sections is a flat cross section containing the
axial line CL). The present embodiment differs from the
embodiment shown in shown in FIGS. 8(A) and 8(B) only
in the point that in the present embodiment, the outer
diameters of the crest portions 640 and 840 of the tran-
sition portions 500e and 700e differ from the outer diam-
eter of the crest portions 340 of the neck portion 410.
The configurations of other portions of the center rod 30e
of the present embodiment are identical with those of
corresponding portions of the center rod 30d shown in
FIGS. 8(A) and 8(B) (elements identical with the corre-
sponding elements of the center rod 30d are denoted by
the same reference numerals and their descriptions are
omitted).
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[0125] An outer diameter D34 and a radius R34 in FIG.
9(A) show the outer diameter and radius of the crest por-
tions 340 of the neck portion 410. Although not illustrated,
the plurality of crest portions 340 of the neck portion 410
have the same outer diameter (namely, have the same
radius).
[0126] The first transition portion 500e has five crest
portions 640 each formed on the rearward direction D1r
side of corresponding one of the five bottom portions 610.
Outer diameters D641 to D645 and radiuses R641 to
R645 show the outer diameters and radiuses of the five
crest portions 640 arranged toward the forward direction
D1 side. In the embodiment shown in FIG. 9(A), the outer
diameters D641 to D645 are smaller than the outer di-
ameter D34 of the crest portions 340 of the neck portion
410 and larger than the outer diameter Dc of the first
trunk portion 910. Further, the outer diameters D641 to
D645 of the five crest portions 640 decrease toward the
forward direction D1 side (D645 < D644 < D643 < D642
< D641). As described above, the outer diameter of each
crest portion 640 is determined such that the smaller the
outer diameter of the bottom portion 610 adjacent to the
crest portion 640, the larger the outer diameter of the
crest portion 640.
[0127] The shape in which the smaller the outer diam-
eter of the bottom portion 610 adjacent to the crest portion
640, the larger the outer diameter of the crest portion 640
can be easily formed in the case where form rolling is
used, as well as in the case where cutting is used. In the
case of form rolling, a roller having protrusions corre-
sponding to the grooves 600 is pressed against the outer
circumferential surface 30s having no groove. Portions
of the outer circumferential surface 30s which are de-
pressed radially inward as a result of pressing by the
protrusions of the roller form the grooves 600 (thus, the
bottom portions 610). As a result of portions of the outer
circumferential surface 30s being depressed, other por-
tions of the outer circumferential surface 30s (in particu-
lar, portions each located between a groove 600 and an-
other groove 600 adjacent thereto) are bulged. The
bulged portions form the crest portions 640. The degree
of bulging of each crest portion 640 increases with the
degree of depression of the adjacent bottom portion 610.
Accordingly, the smaller the outer diameter of the adja-
cent bottom portion 610, the larger the outer diameter
which the crest portion 640 tends to have.
[0128] The second transition portion 700e shown in
FIG. 9(B) has the same configuration. The second tran-
sition portion 700e has five crest portions 840 each
formed on the forward direction D1 side of corresponding
one of the five bottom portions 810. Outer diameters
D841 to D845 and radiuses R841 to R845 show the outer
diameters and radiuses of the five crest portions 840 ar-
ranged toward the rearward direction D1 r side. In the
embodiment shown in FIG. 9(B), the outer diameters
D841 to D845 are smaller than the outer diameter D34
of the crest portions 340 of the neck portion 410 and
larger than the outer diameter Dc of the second trunk

portion 920. Further, the outer diameters D841 to D845
of the five crest portions 840 decrease toward the rear-
ward direction D1 r side (D841 > D842 > D843 > D844
> D845). As described above, the outer diameter of each
crest portion 840 is determined such that the smaller the
outer diameter of the bottom portion 810 adjacent to the
crest portion 840, the larger the outer diameter of the
crest portion 840. Such a second transition portion 700e
can be easily formed by cutting or form rolling as in the
case of the first transition portion 500e shown in FIG.
9(A).

F. Modifications:

[0129]

(1) Instead of the above-described configuration,
other various configurations can be employed as the
configuration of the neck portion. For example, in-
stead of a closed loop groove extending completely
around the center rod in the circumferential direction,
a spiral groove extending completely around the
center rod in the circumferential direction may be
formed as each of the plurality of grooves of the neck
portion. Specifically, the groove may be a spiral
groove which extends toward the forward direction
D1 side on the outer circumferential surface of the
center rod, while changing its position in the circum-
ferential direction with respect to the axial line CL of
the center rod which serves as a reference. A plu-
rality of grooves may be formed such that they are
successively arranged toward the forward direction
D1 side, and are connected in series to form a single
spiral groove. Both the closed loop groove and the
spiral groove can be said to be provided on the outer
circumferential surface of the center rod to extend in
the circumferential direction of the center rod.
In any case, if a plurality of grooves are successively
disposed along a line extending on the outer circum-
ferential surface of the center rod in the direction
parallel to the axial line CL such that the plurality of
grooves intersect with the line, the plurality of
grooves can be said to be successively disposed in
the direction parallel to the axial line CL. Thus, the
neck portion having the plurality of grooves can be
said to extend in the direction parallel to the axial line
CL. In the case where such a neck portion is provided
on the center rod, the force transmitted from the cent-
er rod to the heater element can be mitigated through
bending of the neck portion.
(2) The shape of the grooves 300 is not limited to
the shape having been described with reference to
FIG. 2(B), and the grooves 300 may have any of
various other shapes. For example, the first length
L1 of the bottom portions 310 may be longer than
the second length L2 of the crest portions 340. Al-
ternatively, the second length L2 of the crest portions
340 may be longer than the first length L1 of the
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bottom portions 310. The connection portions be-
tween the bottom portions 310 and the first sloping
surfaces 320 may be rounded. Also, the connection
portions between the bottom portions 310 and the
second sloping surfaces 330 may be rounded. In any
case, the pitch Pt is determined while the end (on
the rearward direction D1r side) of a portion of each
bottom portion 310 having the smallest outer diam-
eter Db is used as a reference. The connection por-
tions between the crest portions 340 and the first
sloping surfaces 320 may be rounded. Also, the con-
nection portions between the crest portions 340 and
the second sloping surfaces 330 may be rounded.
Also, the entire bottom portions 310 may be rounded.
In this case, the pitch Pt is determined while the por-
tion of each bottom portion 310 having the smallest
outer diameter is used as a reference. Also, the entire
crest portions 340 may be rounded. Alternatively,
the each bottom portion may be a V-shaped portion
formed by mutually connecting the two sloping sur-
faces on the opposite sides of the bottom portion.
Also, each crest portion may be a V-shaped edge
formed by mutually connecting the two sloping sur-
faces on the opposite sides of the crest portion. In
any case, an angle formed between a straight portion
of the first sloping surface 320 and a straight portion
of the second sloping surface 330 on a cross section
containing the axial line CL can be employed as the
angle Ang. Also, the end (on the forward direction
D1 side) of a smallest outer diameter portion of the
forwardmost bottom portion among the plurality of
bottom portions of the neck portion may be employed
as the forward end of the neck portion. Similarly, the
end (on the rearward direction D1r side) of a smallest
outer diameter portion of the rearmost bottom portion
among the plurality of bottom portions of the neck
portion may be employed as the rear end of the neck
portion. In the case where the smallest outer diam-
eter portion of the forwardmost bottom portion does
not extend along the axial line CL (for example, the
case where the entire bottom portion is rounded, or
the case where the bottom portion is a V-shaped
portion), the smallest outer diameter portion of the
bottom portion may be employed as the forward end
of the neck portion. The same is true of the rear end
of the neck portion.
(3) The total number of the neck portions provided
on the center rod may be 2 or more. In general, the
total number of the neck portions provided on the
center rod may be an arbitrary number of 1 or greater.
Notably, a wavy portion which is formed, as a result
of disposition of a plurality of grooves, on a cross
section of the center rod containing the axial line CL
may be employed as one neck portion. In this case,
two grooves in the wavy portion which are spaced
from each other by a distance greater than the dis-
tance between two adjacent grooves (for example,
the pitch) may be considered as grooves of neck

portions different from each other.
In any case, it is preferred that the forwardmost neck
portion of the one or more neck portions provided on
the center rod include a portion disposed on the for-
ward side of the middle position (for example, the
middle position P3 of FIG. 2(A)) between the forward
end and the rear end of the center rod in the direction
parallel to the axial line CL. In other words, it is pre-
ferred that the forward end of the forwardmost neck
portion be disposed on the forward side of the middle
position P3. In this configuration, since a portion of
the center rod, which portion is located on the heater
element side of the middle position, can bend, the
force transmitted from the center rod to the heater
element can be mitigated properly. Also, it is pre-
ferred that in the forwardmost neck portion of the one
or more neck portions provided on the center rod,
the pitch of the plurality of grooves (for example, the
pitch Pt of FIG. 2(B)) be less than 1.1 mm. Further,
it is preferred that in the forwardmost neck portion,
the angle formed between the forward sloping sur-
face and the rear sloping surface of each groove (for
example, the angle Ang of FIG. 2(C)) be less than
60 deg. Notably, in the case where the total number
of the neck portions is two or more, the pitch of the
plurality of grooves may differ among the plurality of
neck portions. Also, the angle of the grooves may
differ among the plurality of neck portions.
Also, it is preferred that the distance Lb (in the direc-
tion parallel to the axial line CL) between the first
position P1 and the forward end of the forwardmost
neck portion among one or more neck portions pro-
vided on the center rod (for example, the forward
end 410f of the neck portion 410 shown in FIG. 3)
fall within the preferred range of the second distance
Lb having been described with reference to FIG.
5(A). Also, it is preferred that the length of the for-
wardmost neck portion (for example, the length Lf of
the neck portion 410 shown in FIG. 3) fall within the
preferred range of the length Lf having been de-
scribed with reference to FIG. 5(B).
Also, in the case where the forwardmost neck portion
has closed loop grooves, it is preferred that the small-
est outer diameter of the forwardmost neck portion
(for example, the smallest outer diameter Db of the
neck portion 410 shown in FIG. 3) fall within the pre-
ferred range of the smallest outer diameter Db hav-
ing been described with reference to FIG. 5(C).
(4) Instead of form rolling, any of other methods may
be employed so as to form the plurality of grooves
of the neck portion on the center rod. For example,
the plurality of grooves may be formed through cut-
ting. In this case, the entire outer circumferential sur-
face of the neck portion may be formed on the radially
inner side of the outer circumferential surface of por-
tions of the center rod where the neck portion is not
formed (for example, the outer circumferential sur-
faces 30s of the portions of the center rod 30 shown
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in FIG. 2(B), the portions having the outer diameter
Dc).
(5) The plurality of grooves formed on the center rod
may include a plurality of grooves which differ from
one another in terms of the distance between the
bottom portion and the center axis of the center rod.
A portion in which one or more grooves which are
the same in terms of the distance (for example, ra-
dius) between the bottom portion of the groove and
the center axis of the center rod are successively
formed in the direction parallel to the axial line CL
may be employed as a neck portion. Notably, of the
plurality of grooves formed on the center rod, one or
more grooves may have rounded bottom portions.
In this case, the smallest distance between the
rounded bottom portion and the center axis may be
employed as the distance between the rounded bot-
tom portion and the center axis. Also, a portion where
a plurality of grooves are successively arranged at
the same pitch may be employed as a single neck
portion.
(6) It is preferred that the first transition portion be
connected to the forward end of the neck portion,
and the first trunk portion where the outer diameter
is approximately constant be connected to the for-
ward end of the first transition portion. Instead of the
configurations having been described with reference
to FIGS. 7(B), 8(A), and 9(A), various other config-
urations may be employed as the configuration of
the first transition portion. For example, the total
number of grooves may be an arbitrary number of 1
or greater. Also, the first transition portion may be
formed by a spiral groove as in the case of the above-
described modifications of the neck portion. Also,
the grooves of the first transition portion may have
any of various shapes as in the case of the above-
described embodiments and modifications of the
grooves of the neck portion. In general, a portion
having W grooves (W is an integer of 1 or greater)
which satisfy the following condition may be em-
ployed as the first transition portion. The condition
is such that the distance (for example, radius) be-
tween the bottom portion of each of the W grooves
and the center axis of the center rod is larger than
the distance between the bottom portions of the
grooves of the neck portion and the center axis and
is smaller than the distance between the outer cir-
cumferential surface of the first trunk portion and the
center axis. Such a first transition portion can prop-
erly mitigate the concentration of stress on the end
portion of the neck portion on the forward side.
The first transition portion may have a plurality of
closed loop grooves each extending completely
around the center rod in the circumferential direction.
As in the case of the embodiments shown in FIGS.
8(A) and 9(A), as to the plurality of grooves of the
first transition portion, the outer diameter of the bot-
tom portion of the groove on the forward side may

be larger than the outer diameter of the bottom por-
tion of the groove on the rear side. According to this
configuration, the plurality of grooves of the first tran-
sition portion gradually change the groove outer di-
ameter between the neck portion and the first trunk
portion. Therefore, it is possible to mitigate the con-
centration of stress on a portion of the first transition
portion. As a result, excessive bending of the center
rod can be prevented.
FIG. 10(A) shows a first transition portion 500f of a
center rod 30f according to a modification. This mod-
ification differs from the embodiment shown in FIG.
8(A) only in the point that a plurality of grooves 600
whose bottom portions 610 have the same outer di-
ameter are provided on the first transition portion
500f (specifically, Dc > D65 = D64 = D63 > D62 =
D61 > Db). As described above, of the plurality of
pairs each including two adjacent grooves of the first
transition portion, one or more pairs may be config-
ured such that the outer diameter of the bottom por-
tion of the groove on the forward side is larger than
the outer diameter of the bottom portion of the groove
on the rear side, and one or more pairs different from
the above-mentioned one or more pairs may be con-
figured such that the outer diameter of the bottom
portion of the groove on the forward side is the same
as the outer diameter of the bottom portion of the
groove on the rear side. In general, of N pairs (N is
an integer of 2 or greater) which are formed by the
plurality of grooves of the first transition portion and
each of which includes two adjacent grooves, L pairs
(L is an integer of 1 or greater but not greater than
N-1) may be configured such that the outer diameter
of the bottom portion of the groove on the forward
side is larger than the outer diameter of the bottom
portion of the groove on the rear side, and (N-L) pairs
may be configured such that the outer diameter of
the bottom portion of the groove on the forward side
is the same as the outer diameter of the bottom por-
tion of the groove on the rear side. According to this
configuration, in at least one pair of the grooves of
the first transition portion, the outer diameter of the
bottom portion of the groove increases toward the
forward direction D1 side. Therefore, the plurality of
grooves of the first transition portion change the
groove outer diameter in a plurality of steps between
the neck portion and the first trunk portion. Accord-
ingly, it is possible to mitigate the concentration of
stress on a portion of the first transition portion. As
a result, excessive bending of the center rod can be
prevented.
Also, in the case where the first transition portion has
W grooves, the first transition portion has W crest
portions each formed on the rearward direction D1r
side of the corresponding groove. In this case, as in
the case of the embodiments shown in FIGS. 7(B)
and 8(A), in each pair including two adjacent crest
portions of the first transition portion, the crest por-
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tions may have the same outer diameter. Alterna-
tively, as in the case of the embodiment shown in
FIG. 9(A), in each pair including two adjacent crest
portions of the first transition portion, the outer diam-
eter of the crest portion on the forward side may be
smaller than the outer diameter of the crest portion
on the rear side. In general, of B (B = W-1) pairs
which are formed by the W crest portions of the first
transition portion and each of which includes two ad-
jacent crest portions, C pairs (C is an integer of 1 or
greater but not greater than B) may be configured
such that the outer diameter of the crest portion on
the forward side is smaller than the outer diameter
of the crest portion on the rear side, and (B-C) pairs
may be configured such that the outer diameter of
the crest portion on the forward side is the same as
the outer diameter of the crest portion on the rear
side. In the case where each crest portion is rounded,
the largest outer diameter of the rounded crest por-
tion may be employed as the outer diameter of the
rounded crest portion.
In the case where the first connection pitch between
the rearmost groove of the first transition portion and
the forwardmost groove of the neck portion is equal
to or less than the three times of the pitch of the
plurality of grooves of the neck portion (referred to
as the "reference pitch"), the first transition portion
can be said to be connected to the neck portion (in
the embodiments shown in FIGS. 7(B), 8(A), 9(A),
and 10(A), the pitch Pt1 corresponds to the first con-
nection pitch). Notably, the pitch of the plurality of
grooves of the first transition portion may differ from
the reference pitch of the neck portion connected to
the end of the first transition portion on the rearward
direction D1r side. Also, the pitch may change
among the plurality of grooves of the first transition
portion.
(7) It is preferred that the second transition portion
be connected to the rear end of the neck portion, and
the second trunk portion where the outer diameter
is approximately constant be connected to the rear
end of the second transition portion. Instead of the
configurations having been described with reference
to FIGS. 7(C), 8(B), and 9(B), various other config-
urations may be employed as the configuration of
the second transition portion. For example, the total
number of grooves may be an arbitrary number of 1
or greater. Also, the second transition portion may
be formed by a spiral groove as in the case of the
above-described modifications of the neck portion.
Also, the grooves of the second transition portion
may have any of various shapes as in the case of
the above-described embodiments and modifica-
tions of the grooves of the neck portion. In general,
a portion having successively formed X grooves (X
is an integer of 1 or greater) which satisfy the follow-
ing condition may be employed as the second tran-
sition portion. The condition is such that the distance

(for example, radius) between the bottom portion of
each of the X grooves and the center axis of the
center rod is larger than the distance between the
bottom portions of the grooves of the neck portion
and the center axis and is smaller than the distance
between the outer circumferential surface of the sec-
ond trunk portion and the center axis. Such a second
transition portion can properly mitigate the concen-
tration of stress on the end portion of the neck portion
on the rear side.
The second transition portion may have a plurality
of closed loop grooves each extending completely
around the center rod in the circumferential direction.
As in the case of the embodiments shown in FIGS.
8(B) and 9(B), as to the plurality of grooves of the
second transition portion, the outer diameter of the
bottom portion of the groove on the rear side may
be larger than the outer diameter of the bottom por-
tion of the groove on the forward side. According to
this configuration, the plurality of grooves of the sec-
ond transition portion gradually change the groove
outer diameter between the neck portion and the
second trunk portion. Therefore, it is possible to mit-
igate the concentration of stress on a portion of the
second transition portion. As a result, excessive
bending of the center rod can be prevented.
FIG. 10(B) shows a second transition portion 700f
of the center rod 30f according to the modification.
This modification differs from the embodiment
shown in FIG. 8(B) only in the point that a plurality
of grooves 800 whose bottom portions 810 have the
same outer diameter are provided on the second
transition portion 700f (specifically, Db < D81 = D82
< D83 = D84 = D85 < Dc). As described above, of
the plurality of pairs each including two adjacent
grooves of the second transition portion, one or more
pairs may be configured such that the outer diameter
of the bottom portion of the groove on the rear side
is larger than the outer diameter of the bottom portion
of the groove on the forward side, and one or more
pairs different from the above-mentioned one or
more pairs may be configured such that the outer
diameter of the bottom portion of the groove on the
rear side is the same as the outer diameter of the
bottom portion of the groove on the forward side. In
general, of P pairs (P is an integer of 2 or greater)
which are formed by the plurality of grooves of the
second transition portion and each of which includes
two adjacent grooves, Q pairs (Q is an integer of 1
or greater but not greater than P-1) may be config-
ured such that the outer diameter of the bottom por-
tion of the groove on the rear side is larger than the
outer diameter of the bottom portion of the groove
on the forward side, and (P-Q) pairs may be config-
ured such that the outer diameter of the bottom por-
tion of the groove on the rear side is the same as the
outer diameter of the bottom portion of the groove
on the forward side. According to this configuration,
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in at least one pair of the grooves of the second tran-
sition portion, the outer diameter of the bottom por-
tion of the groove increases toward the rearward di-
rection D1 r side. Therefore, the plurality of grooves
of the second transition portion change the groove
outer diameter in a plurality of steps between the
neck portion and the second trunk portion. Accord-
ingly, it is possible to mitigate the concentration of
stress on a portion of the second transition portion.
As a result, excessive bending of the center rod can
be prevented.
Also, in the case where the second transition portion
has X grooves, the second transition portion has X
crest portions each formed on the forward direction
D1 side of the corresponding groove. In this case,
as in the case of the embodiments shown in FIGS.
7(C) and 8(B), in each pair including two adjacent
crest portions of the second transition portion, the
crest portions may have the same outer diameter.
Alternatively, as in the case of the embodiment
shown in FIG. 9(B), in each pair including two adja-
cent crest portions of the second transition portion,
the outer diameter of the crest portion on the rear
side may be smaller than the outer diameter of the
crest portion on the forward side. In general, of G (G
= X-1) pairs which are formed by the X crest portions
of the second transition portion and each of which
includes two adjacent crest portions, H pairs (H is
an integer of 1 or greater but not greater than G) may
be configured such that the outer diameter of the
crest portion on the rear side is smaller than the outer
diameter of the crest portion on the forward side, and
(G-H) pairs may be configured such that the outer
diameter of the crest portion on the rear side is the
same as the outer diameter of the crest portion on
the forward side. In the case where each crest portion
is rounded, the largest outer diameter of the rounded
crest portion may be employed as the outer diameter
of the rounded crest portion.
In the case where the second connection pitch be-
tween the forwardmost groove of the second transi-
tion portion and the rearmost groove of the neck por-
tion is equal to or less than three times of the refer-
ence pitch of the neck portion, the second transition
portion can be said to be connected to the neck por-
tion (in the embodiments shown in FIGS. 7(C), 8(B),
9(B), and 10(B), the pitch Pt2 corresponds to the
second connection pitch). Notably, the pitch of the
plurality of grooves of the second transition portion
may differ from the reference pitch of the neck portion
connected to the end of the second transition portion
on the forward direction D1 side. Also, the pitch may
change among the plurality of grooves of the second
transition portion.
(8) The first transition portion and the second tran-
sition portion may differ in configuration from each
other. For example, a first transition portion arbitrarily
selected from the first transition portions 500, 500d,

and 500e shown in FIGS. 7(B), 8(A), and 9(A) and
a second transition portion arbitrarily selected from
the second transition portions 700, 700d, and 700e
shown in FIGS. 7(C), 8(B), and 9(B) may be con-
nected to a common neck portion. Also, the first tran-
sition portion may be connected to the neck portion,
with the second transition portion omitted. Alterna-
tively, the second transition portion may be connect-
ed to the neck portion, with the first transition portion
omitted. Also, at least one of the first transition por-
tion and the second transition portion may be applied
to any neck portion of the center rod of any of the
above-described embodiments. In general, in the
case where T neck portions (T is an integer of 1 or
greater) are provided on the center rod, the first tran-
sition portion may be connected to U neck portions
(U is an integer of zero or greater but not greater
than T), and the second transition portion may be
connected to V neck portions (V is an integer of zero
or greater but not greater than T). The value of V
may be the same as or different from the value of U.
Also, the configuration may differ among the U first
transition portions, and the configuration may differ
among the V second transition portions.
(9) The structure of the glow plug is not limited to the
structure described with reference to FIGS. 1(A) and
1(B), and various structures may be employed. For
example, there may be employed a structure in
which a male screw is formed on the outer circum-
ferential surface of the rear end portion 39 of the
center rod 30, a female screw is formed on the ter-
minal member 80, and the terminal member 80 is
screwed onto the rear end portion 39 of the center
rod 30, whereby the terminal member 80 is fixed to
the center rod 30. In this case, instead of a cap-
shaped member, a nut may be employed as the ter-
minal member 80.
(10) The above-described glow plug is not limited to
a glow plug used for assisting startup of an internal
combustion engine, and can be applied to various
glow plugs. For example, the above-described glow
plug can be applied to various apparatuses such as
an exhaust gas heater apparatus for heating exhaust
gas, a burner system for reactivating a catalyst or a
diesel particulate filter (DPF), and a water heater ap-
paratus for heating cooling water.

[0130] Although the present invention has been de-
scribed on the basis of the embodiments and modifica-
tions thereof, the above-mentioned mode of the invention
is provided so as to facilitate the understanding of the
invention and does not limit the present invention. The
present invention may be modified or improved without
departing from the spirit and scope of the claims, and
encompasses equivalents thereof.
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[Description of Symbols]

[0131]

10 ... ceramic glow plug (glow plug), 20 ... metallic
shell, 20s ... inner circumferential surface, 20x ...
through hole, 22 ... male screw portion, 28 ... tool
engagement portion, 30, 30x, 30c, 30d, 30e, 30f...
center rod, 30f... forward end, 30r ... rear end, 30s ...
outer circumferential surface, 31 ... forward end por-
tion, 39 ... rear end portion, 40 ... ceramic heater el-
ement (heater element), 40s ... outer circumferential
surface, 41 ... forward end portion, 49 ... rear end
portion, 50 ... packing (O-ring), 60 ... insulating
member, 62... tubular portion, 68 ... flange portion,
70 ... metal sleeve (sleeve), 70s ... inner circumfer-
ential surface, 70x ... through hole, 80 ... terminal
member, 90 ... connection member, 200 ... assem-
bly, 210 ... base member, 220 ... heat generation re-
sistor, 221 ... first lead portion, 222 ... second lead
portion, 223 ... heat generation portion, 281 ... first
electrode connection portion, 282 ... second elec-
trode connection portion, 300, 600, 800 ... groove,
310, 610, 810 ... bottom portion, 320, 620, 820 ...
first sloping surface (forward sloping surface), 330,
630, 830 ... second sloping surface (rear sloping sur-
face), 340, 640, 840... crest portion, 410 ... neck por-
tion, 410f ... forward end, 410r... rear end, 490...
heater module, 500, 500d, 500e, 500f ... first transi-
tion portion, 700, 700d, 700e, 700f... second transi-
tion portion, 910 ... first trunk portion, 920 ... second
trunk portion, OPa ... opening, OPb... opening, D1 ...
first direction (forward direction), D1r... rearward di-
rection, D2... second direction, D3... third direction,
CL... center axis (axial line), Ac ... contact area, Ae ...
contact area

Claims

1. A glow plug (10) comprising:

a metallic shell (20) having a through hole (20x)
extending in the direction of an axial line (CL);
a ceramic heater (40) inserted into the through
hole (20x) of the metallic shell (20) and held at
a forward end of the metallic shell (20); and
a center rod (30, 30c, 30d, 30e, 30f) formed of
a metal, inserted into the through hole (20x) of
the metallic shell (20), and electrically connect-
ed to the ceramic heater (40), wherein
the center rod (30, 30c, 30d, 30e, 30f) includes
one or more neck portions (410) which extend
in the direction of the axial line (CL) and in which
a plurality of grooves (300) each extending on
an outer circumferential surface (30s) of the
center rod (30, 30c, 30d, 30e, 30f) in the circum-
ferential direction thereof are successively ar-

ranged in the direction of the axial line (CL);
of the one or more neck portions (410), a for-
wardmost neck portion (410) has a portion dis-
posed forward of a middle position (P3) in the
direction of the axial line (CL) between a forward
end (30f) and a rear end (30r) of the center rod
(30, 30c, 30d, 30e, 30f);
in the forwardmost neck portion (410), the plu-
rality of grooves (300) are arranged in the direc-
tion of the axial line (CL) at a pitch (Pt) of less
than 1.1 mm;
on a flat cross section containing the axial line
(CL), each groove (300) has a forward sloping
surface (320) which slopes forward to be oblique
to the direction of the axial line (CL) and a rear
sloping surface (330) which slopes rearward to
be oblique to the direction of the axial line (CL);
and
in the forwardmost neck portion (410), the for-
ward sloping surface (320) and the rear sloping
surface (330) form an angle (Ang) of less than
60°.

2. A glow plug (10) according to claim 1, further com-
prising:

a sleeve (70) inserted into the through hole (20x)
of the metallic shell (20) and holding the ceramic
heater (40); and
a packing (50) sandwiched between an inner
circumferential surface (20s) of the metallic shell
(20) and the outer circumferential surface (30s)
of the center rod (30, 30c, 30d, 30e, 30f), where-
in the following relational expression is satisfied: 

where

La is a distance between a first position (P1)
and a second position (P2) in the direction
of the axial line (CL), the first position (P1)
being a position of a center, in the direction
of the axial line (CL), of a contact area (Ac)
between the packing (50) and the outer cir-
cumferential surface (30s) of the center rod
(30, 30c, 30d, 30e, 30f), the second position
(P2) being a position of a rearmost end of
a contact area between the ceramic heater
(40) and the sleeve (70),
Lb is a distance in the direction of the axial
line (CL) between the first position (P1) and
a forward end (410f) of the forwardmost
neck portion (410), and
Da is an outer diameter of the ceramic heat-
er (40) at the second position (P2).
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3. A glow plug (10) according to claim 1 or 2, wherein
the forwardmost neck portion (410) is formed by
closed loop grooves (300) each extending, on the
outer circumferential surface (30s) of the center rod
(30, 30c, 30d, 30e, 30f), completely around the cent-
er rod (30, 30c, 30d, 30e, 30f) in the circumferential
direction thereof; and
the following relational expression is satisfied: 

where

La is a distance between a first position (P1) and
a second position (P2) in the direction of the axial
line (CL), the first position (P1) being a position
of a center, in the direction of the axial line (CL),
of a contact area (Ac) between the packing (50)
and the outer circumferential surface (30s) of
the center rod (30, 30c, 30d, 30e, 30f), the sec-
ond position (P2) being a position of a rearmost
end of a contact area between the ceramic heat-
er (40) and the sleeve (70),
Lb is a distance in the direction of the axial line
(CL) between the first position (P1) and a for-
ward end (410f) of the forwardmost neck portion
(410),
Da is an outer diameter of the ceramic heater
(40) at the second position (P2), and
Db is a smallest outer diameter of a portion of
the center rod (30, 30c, 30d, 30e, 30f) where the
forwardmost neck portion (410) is formed.

4. A glow plug (10) according to any one of claims 1 to
3, wherein the center rod (30c, 30d, 30e, 30f) in-
cludes
a first transition portion (500, 500d, 500e, 500f) which
is connected to a forward end of at least one neck
portion (410) of the one or more neck portions and
which includes a groove (600) extending on the outer
circumferential surface (30s) of the center rod (30c,
30d, 30e, 30f) in the circumferential direction thereof,
and
a first trunk portion (910) which is connected to a
forward end of the first transition portion (500, 500d,
500e, 500f) and which has an approximately con-
stant outer diameter,
wherein a distance (R61 - R65) between a bottom
portion (610) of the groove (600) of the first transition
portion (500, 500d, 500e, 500f) and the center axis
(CL) of the center rod (30c, 30d, 30e, 30f) is larger
than a distance (Db/2) between a bottom portion
(310) of each of the grooves (300) of the neck portion
(410) and the center axis (CL), and is smaller than
a distance (Dc/2) between an outer circumferential

surface of the first trunk portion (910) and the center
axis (CL).

5. A glow plug (10) according to claim 4, wherein
the first transition portion (500d, 500e) has a plurality
of closed loop grooves (600) each extending, on the
outer circumferential surface (30s) of the center rod
(30d, 30e), completely around the center rod (30d,
30e) in the circumferential direction thereof; and
the plurality of grooves (600) of the first transition
portion (500d, 500e) are formed such that the bottom
portion (610) of a groove (600) on a forward side has
an outer diameter larger than that of the bottom por-
tion (610) of a groove (600) on a rear side.

6. A glow plug (10) according to claim 4, wherein
the first transition portion (500f) has a plurality of
closed loop grooves (600) each extending, on the
outer circumferential surface (30s) of the center rod
(30f), completely around the center rod (30f) in the
circumferential direction thereof; and
of N pairs (N is an integer of 2 or greater) which are
formed by the plurality of grooves (600) of the first
transition portion (500f) and each of which includes
two adjacent grooves (600), L pairs (L is an integer
of 1 or greater but not greater than N-1) are config-
ured such that the outer diameter of the bottom por-
tion (610) of the groove (600) on the forward side is
larger than that of the bottom portion (610) of the
groove (600) on the rear side, and (N-L) pairs are
configured such that the outer diameter of the bottom
portion (610) of the groove (600) on the forward side
is the same as that of the bottom portion (610) of the
groove (600) on the rear side.

7. A glow plug (10) according to any one of claims 1 to
6, wherein the center rod (30c, 30d, 30e, 30f) in-
cludes
a second transition portion (700, 700d, 700e, 700f)
which is connected to a rear end of at least one neck
portion (410) of the one or more neck portions and
which includes a groove (800) extending on the outer
circumferential surface (30s) of the center rod (30c,
30d, 30e, 30f) in the circumferential direction thereof,
and
a second trunk portion (920) which is connected to
a rear end of the second transition portion (700,
700d, 700e, 700f) and which has an approximately
constant outer diameter,
wherein a distance (R81 - R85) between a bottom
portion (810) of the groove (800) of the second tran-
sition portion (700, 700d, 700e, 700f) and the center
axis (CL) of the center rod (30c, 30d, 30e, 30f) is
larger than a distance (Db/2) between a bottom por-
tion (310) of each of the grooves (300) of the neck
portion (410) and the center axis (CL), and is smaller
than a distance (Dc/2) between an outer circumfer-
ential surface of the second trunk portion (920) and
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the center axis (CL).

8. A glow plug (10) according to claim 7, wherein
the second transition portion (700d, 700e) has a plu-
rality of closed loop grooves (800) each extending,
on the outer circumferential surface (30s) of the cent-
er rod (30d, 30e), completely around the center rod
(30d, 30e) in the circumferential direction thereof;
and
the plurality of grooves (800) of the second transition
portion (700d, 700e) are formed such that the bottom
portion (810) of a groove (800) on a rear side has an
outer diameter larger than that of the bottom portion
(810) of a groove (800) on a forward side.

9. A glow plug (10) according to claim 7, wherein
the second transition portion (700f) has a plurality of
closed loop grooves (800) each extending, on the
outer circumferential surface (30s) of the center rod
(30f), completely around the center rod (30f) in the
circumferential direction thereof; and
of P pairs (P is an integer of 2 or greater) which are
formed by the plurality of grooves (800) of the second
transition portion (700f) and each of which includes
two adjacent grooves (800), Q pairs (Q is an integer
of 1 or greater but not greater than P-1) are config-
ured such that the outer diameter of the bottom por-
tion (810) of the groove (800) on the rear side is
larger than that of the bottom portion (810) of the
groove (800) on the forward side, and (P-Q) pairs
are configured such that the outer diameter of the
bottom portion (810) of the groove (800) on the rear
side is the same as that of the bottom portion (810)
of the groove (800) on the forward side.
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