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GLOW PLUG WITH PRESSURE SENSOR

TECHNICAL FIELD

[0001] The present invention relates to a glow plug and
more specifically to a glow plug with a pressure sensor.

BACKGROUND ART

[0002] A glow plug is used as an assisting heat source in
compression ignition type internal combustion engines, such
as Diesel engines. The glow plug includes: for example, a
heater unit configured to heat a combustion chamber in an
internal combustion engine; a pressure sensor configured to
measure the pressure in the combustion chamber; and a cou-
pling member in a thin film shape joined with the heater unit
and with a housing and configured to hold the heater unitin a
deformable manner in an axis line direction of the glow plug.
In this glow plug, the coupling member and the heater unit,
and the coupling member and the housing are joined together
by punching laser welding.

[0003] In the case of joining respective members together
by punching welding, the interval between the members that
is about Yio of the thickness of a member to be welded can
generally maintain the bonding strength of a welded part. In
other words, in the process of welding the heater unit with the
coupling member of the glow plug, the bonding strength of
the welded part can be maintained when the interval between
the respective members is about Yo of the thickness of the
coupling member that is the member to be welded.

CITATION LIST

Patent Literature

[0004] PTL 1: WO 2006/072514A
SUMMARY OF INVENTION
Technical Problem
[0005] The coupling member and the heater unit, however,

respectively have manufacturing deviation, so that a gap is
formed between the coupling member and the heater unit
prior to welding. In other words, the coupling member is
formed in a thin film shape and accordingly has difficult in
production at a constant thickness. The coupling member is
formed to have the thickness in a range of about 0.15 mm to
0.3 mm. The heater unit, on the other hand, has a tolerance in
the manufacturing process. It is accordingly difficult to con-
trol the gap formed due to the manufacturing deviation to be
not greater than %10 of the thickness of the coupling member.
Inthe process of joining the coupling member with the heater
unit by punching welding, the material at a part of the cou-
pling member to be welded is melted by welding and flows to
fill the gap between the coupling member and the heater unit,
so that the part of the coupling member to be welded is
deformed to a recess. As a result, this causes partial reduction
in wall thickness of the coupling member at the welded part
and has difficulty in stably maintaining the strength.

[0006] By taking into account the problems described
above, the object of the invention is to maintain the weld
strength between a coupling member and a heater unit even
when there is a gap between the coupling member and the
heater unit prior to welding.
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Solution to Problem

[0007] Inorderto solve at least part of the above problems,
the invention provides various aspects and embodiments
described below.

Aspect 1:

[0008] A glow plug with a pressure sensor comprising:
[0009] ahousing in a cylindrical shape that is extended in a
direction of an axis line;

[0010] a heater unit in a rod shape that has a rear end part
placed in the housing and a front end part protruded from a
front end of the housing and is movable along the direction of
the axis line;

[0011] a coupling member in a thin film shape that enables
the heater unit to move along the direction of the axis line and
couples the heater unit with the housing; and

[0012] a pressure sensor that detects a pressure based on a
load transmitted via the heater unit, wherein

[0013] an edge portion of the coupling member and the
heater unit are joined together by laser welding performed
from a coupling member side,

[0014] a portion of the coupling member other than the
edge portion is arranged to face the heater unit with a gap
therebetween, and

[0015] the edge portion of the coupling member is joined
with the heater unit via a welded part formed by melting at
least part of the edge portion of the coupling member by the
laser welding.

[0016] Inthe glow plug with the pressure sensor according
to Aspect 1, the edge portion of the coupling member is joined
with the heater unit via the welded part formed by melting at
least part of the edge portion of the coupling member by laser
welding. Accordingly, the edge portion of the coupling mem-
ber which has not conventionally been used for welding is
melted by the heat of welding and flows into the gap formed
between the coupling member and the heater unit prior to
welding to fill the gap. In this way, the welded part can be
formed simultaneously with preventing partial reduction in
wall thickness of the coupling member at the welded part,
thereby stably maintaining the weld strength.

Aspect 2:

[0017] The glow plug with the pressure sensor according to
Aspect 1, wherein

[0018] the welded part is formed by irradiating the edge
portion of the coupling member with a laser emitted from a
direction orthogonal to the axis line.

[0019] Inthe glow plug with the pressure sensor according
to Aspect 2, the welded part is formed by irradiating the edge
portion of the coupling member with a laser emitted from the
direction orthogonal to the axis line. Accordingly, the welded
part where the molten state of the coupling member is sub-
stantially equivalent to the molten state of the heater unit can
be formed, and also the welded part can be formed by readily
adjusting the radiation direction of laser.

Aspect 3:

[0020] The glow plug with the pressure sensor according to
Aspect 1, wherein

[0021] the welded part is formed by irradiating the edge
portion of the coupling member with a laser emitted in an
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oblique direction crossing the axis line from a front end side
to a rear end side of the heater unit.

[0022] Inthe glow plug with the pressure sensor according
to Aspect 3, the welded part is formed by irradiating the edge
portion of the coupling member with a laser emitted in the
oblique direction crossing the axis line from the front end side
to the rear end side of the heater unit. Accordingly, melting of
the edge portion of the coupling member in the neighborhood
of the gap is accelerated and the gap can be efficiently filled
with the melted edge portion of the coupling member. Even
when there is a relatively large gap, the strength reliability of
the welded part can be maintained.

Aspect 4:

[0023] The glow plug with the pressure sensor according to
Aspect 3, wherein

[0024] an angle between an extension direction of the
welded part and a direction orthogonal to the axis line is 10
degree or greater and is 40 degrees or less.

[0025] Inthe glow plug with the pressure sensor according
to Aspect 4, the welding shrinkage (residual stress) of the
coupling member is reduced and deterioration of the durabil-
ity of the coupling member is prevented.

Aspect 5:

[0026] The glow plug with the pressure sensor according to
any one of Aspects 1 to 4, wherein
[0027] the welded part includes:

[0028] a first welded part that is formed on a side of the
axis line in a direction orthogonal to the direction of the
axis line; and

[0029] a second welded part that is formed at a position
more distant from the axis line than the first welded part
in the direction orthogonal to the direction of the axis
line and has a greater width than a maximum width of the
first welded part in the direction of the axis line, wherein

[0030] a portion of the second welded part is extended to
the heater unit.
[0031] Inthe glow plug with the pressure sensor according

to Aspect 5, the welded part includes: the first welded part that
is formed on the axis line side; and the second welded part that
has a greater width than the maximum width of the first
welded part and is extended to the heater unit. Accordingly,
the volume of the welded part occupied in the heater unit
increase, thereby improving the bonding strength.

Aspect 6:

[0032] A method for manufacturing of a glow plug with a
pressure sensor including: a housing in a cylindrical shape
that is extended in a direction of an axis line; a heater unit in
a rod shape that has a rear end part placed in the housing and
a front end part protruded from a front end of the housing and
is movable along the direction of the axis line; a coupling
member in a thin film shape that enables the heater unit to
move along the direction of the axis line and couples the
heater unit with the housing; and a pressure sensor that detects
a pressure based on a load transmitted via the heater unit, the
method comprising a step of:

[0033] joining the heater unit with the other end of the
coupling member having a shape parallel to the heater unit by
laser welding performed from a coupling member side, such
that at least part of a melted edge portion of the coupling
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member melted by the laser welding fills a gap formed
between the coupling member and the heater unit.

[0034] In the method for manufacturing of the glow plug
with the pressure sensor according to Aspect 6, in the step of
joining the heater unit with the other end of the coupling
member by laser welding performed from the coupling mem-
ber side, at least part of the melted edge portion of the cou-
pling member, which is melted by laser welding, fills the gap
formed between the coupling member and the heater unit.
Accordingly, partial reduction in wall thickness of the cou-
pling member at the welded part or at a boundary between the
welded part and the coupling member is prevented, thereby
stably maintaining the weld strength.

Aspect 7:

[0035] Themethod for manufacturing of the glow plug with
the pressure sensor according to Aspect 6, wherein the step of
joining the heater unit with the coupling member irradiates
the edge portion of the coupling member with a laser emitted
from a direction orthogonal to the axis line.

[0036] In the method for manufacturing of the glow plug
with the pressure sensor according to Aspect 7, the heater unit
and the coupling member are joined together by irradiating
the edge portion of the coupling member with a laser emitted
from the direction orthogonal to the axis line. Accordingly,
the welded part can be formed by readily adjusting the direc-
tion of laser radiation.

Aspect 8:

[0037] Themethod for manufacturing of the glow plug with
the pressure sensor according to Aspect 6, wherein

[0038] the step of joining the heater unit with the coupling
member irradiates the edge portion of the coupling member
with a laser emitted in an oblique direction crossing the axis
line from a front end side to a rear end side of the heater unit.
[0039] In the method for manufacturing of the glow plug
with the pressure sensor according to Aspect 8, the heater unit
and the coupling member are joined together by irradiating
the edge portion of the coupling member with a laser emitted
in the oblique direction crossing the axis line from the front
end side to the rear end side of the heater unit. Accordingly,
melting of the edge portion of the coupling member is accel-
erated and the gap can be efficiently filled with the melted
edge portion of the coupling member. Even when there is a
relatively large gap, the strength reliability of the welded part
can be maintained.

[0040] In the present invention, various aspects described
above may be combined each other or a part of each aspect
may be omitted arbitrarily.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1A is a diagram illustrating the configuration
of'a glow plug 100 according to a first embodiment;

[0042] FIG.1Bisadiagram illustrating the configuration of
a glow plug 100 according to a first embodiment;

[0043] FIG. 2 is an enlarged sectional view of the neigh-
borhood of a cap unit 120;

[0044] FIG. 3 is a schematic diagram illustrating the
welded part 210 according to the first embodiment;

[0045] FIG. 4 is a flowchart showing an assembly process
of'the glow plug 100 according to the first embodiment;
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[0046] FIG. 5 is a diagram illustrating insertion of the cou-
pling member 180 at step S12 according to the first embodi-
ment;

[0047] FIG. 6 is a diagram illustrating the chucking at step
S14 according to the first embodiment;

[0048] FIG. 7 is an enlarged sectional view illustrating the
welding and joining at steps S16 and S18 according to the first
embodiment; FIG. 8A is a schematic diagram illustrating
formation of the welded part 2105 by a conventional tech-
nique;

[0049] FIG.8Bisaschematic diagram illustrating a welded
part 2105 formed by a conventional technique;

[0050] FIG.9A is a schematic views illustrating formation
of the welded part 210 at step S18 according to the first
embodiment;

[0051] FIG. 9B is a schematic views illustrating formation
of the welded part 210 at step S18 according to the first
embodiment;

[0052] FIG. 10 is a diagram illustrating direction of laser
radiation according to the second embodiment;

[0053] FIG. 11A is a diagram illustrating formation of the
welded part 2104 according to the second embodiment;
[0054] FIG. 11B is a diagram illustrating formation of the
welded part 2104 according to the second embodiment;
[0055] FIG. 12 is a diagram illustrating a method of esti-
mating the radiation direction of the laser 720; and

[0056] FIG. 13 is a chart showing a relationship between
the radiation direction of the laser 720 and the variation in
output of the pressure sensor 160.

DESCRIPTION OF EMBODIMENTS
A. First Embodiment

Al. Schematic Configuration of Glow Plug

[0057] FIGS. 1A and 1B are diagrams illustrating the con-
figuration of a glow plug 100 according to a first embodiment.
FIG. 1A illustrates the general configuration of the glow plug
100, and FIG. 1B illustrates its partial sectional configuration.
FIG. 2 is an enlarged sectional view of the neighborhood of a
cap unit 120 described later. In the description below, the
lower side of an axis line O of the glow plug 100 in FIGS. 1A,
1B and 2 is specified as a front end side of the glow plug 100,
and the upper side is specified as a rear end side. A downward
direction along the axis line O of the glow plug 100 is speci-
fied as an axis direction OD. As illustrated in FIGS. 1A and
1B, the glow plug 100 includes: a housing 130 having a metal
shell 110 and a cap unit 120; a heater unit 150; a coupling
member 180; and a pressure sensor 160. The metal shell 110
herein is also called “body portion” and the cap unit 120 is
also called “head portion”.

[0058] The metal shell 110 is a substantially cylindrical
metal member made of carbon steel or stainless steel. A tool
engagement structure 112 configured to engage a tool used
for attachment of the glow plug 100 to an internal combustion
engine is formed at a rear end of the metal shell 110. A
threaded section 114 with thread grooves (not shown) formed
for fixation of the glow plug 100 to a cylinder head is provided
on the front end side of the tool engagement structure 112. A
plurality of wirings 116 which are electrically connected with
an integrated circuit 166 (described later) and a center shaft
170 (described later) in the housing 130 are inserted at the rear
end of the tool engagement structure 112.
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[0059] The cap unit 120 is placed at the front end of the
metal shell 110. The cap unit 120 is a ring-shaped metal
member made of carbon steel or stainless steel. As illustrated
in FIG. 2, a cylindrical section 122 having a substantially
constant outer diameter is formed on the rear end side of the
cap unit 120, and a tapered section 124 tapered toward the
front end is formed on the front end side.

[0060] The heater unit 150 includes a sheath tube 152, a
heating coil 154 and insulating powder 155. The sheath tube
152 is made of, for example, stainless steel having excellent
heat resistance and corrosion resistance and has a closed
hemispherical front end and an open rear end in the metal
shell 110. The heating coil 154 is a winding resistance and is
placed inside of the front end side of the sheath tube 152. The
center shaft 170 that is a rod-shaped metal member is inserted
in the heater unit 150, and a rear end of the heating coil 154 is
fixed to a front end of the center shaft 170. Electric power is
externally supplied through the wirings 116 and the center
shaft 170 to the heating coil 154. The insulating powder 155
of, for example, magnesium oxide, having heat resistance is
packed in a gap from the heating coil 154 in the sheath tube
152. A seal member 156 for sealing the insulating powder 155
in the sheath tube 152 is inserted between the open rear end of
the sheath tube 152 and the center shaft 170. The sheath tube
152 is formed by swaging process, which enhances the com-
pactness of the insulating powder 155 packed inside thereof
and improves the heat conduction efficiency. The heater unit
150 of this configuration has the rear end side placed in the
metal shell 110 and the front end side placed to be protruded
from an opening 125 of the cap unit 120 toward the axis
direction OD.

[0061] In the housing 130, there are provided: the ring-
shaped pressure sensor 160 (see FIG. 1B) placed on the rear
end side of the heater unit 150; a sensor fixation member 132
configured to fix the pressure sensor 160 in the housing 130;
a transmission sleeve 134 configured to transmit a displace-
ment of the heater unit 150 along the axis line O to the
pressure sensor 160; and the coupling member 180 config-
ured to couple the outer periphery of the heater unit 150 with
the inside of the housing 130.

[0062] The sensor fixation member 132 is a substantially
cylindrical member made of, for example, stainless steel. The
sensor fixation member 132 is placed along the inner circum-
ference of the metal shell 110, and a brim-like flange 133 is
formed in the neighborhood of its front end. This flange 133
is welded to a front end face of the metal shell 110 and to arear
end face of the cap unit 120. The outer periphery of the
pressure sensor 160 is welded to the rear end of the sensor
fixation member 132. According to this embodiment, the
pressure sensor 160 is fixed in the vicinity of the middle
portion in the housing 130 by this sensor fixation member
132.

[0063] The transmission sleeve 134 is a substantially cylin-
drical member made of, for example, stainless steel. The
transmission sleeve 134 is placed between the sensor fixation
member 132 and the heater unit 150. A front end of the
transmission sleeve 134 is welded to the outer periphery of
the heater unit 150 in the vicinity of a position where the
flange 133 of the sensor fixation member 132 is formed. A
rear end of the transmission sleeve 134 is welded to the inner
circumference of the ring-shaped pressure sensor 160. The
displacement of the heater unit 150 along the axis line O is
transmitted to the inner circumference of the pressure sensor
160 by this transmission sleeve 134.
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[0064] The coupling member 180 is connected with the
housing 130 and is also connected with the heater unit 150, so
as to enable the heater unit 150 to move along the axis line O
and couple the heater unit 150 with the housing 130. The
coupling member 180 is made of, for example, stainless steel
or a nickel alloy in a thin film shape to have elasticity. The
coupling member 180 includes a first cylinder section 181, a
second cylinder section 182 and a joint section 185. In
description of the positional relationship between a plurality
of different members in the specification hereof, a side closer
to the axis line O is specified as inner side in a radial direction
Y of'the glow plug 100, and a side farther from the axis line O
is specified as outer side in the radial direction'Y.

[0065] The first cylinder section 181 is welded to and con-
nected with the housing 130 to have a first radius r1 and to be
formed in a tubular shape along the axis line O. The second
cylinder section 182 is welded to and connected with the
heater unit 150 at an edge portion 188 to have a second radius
r2 smaller than the first radius and to be formed in a tubular
shape along the axis line O. In the embodiment hereof, “along
the axis line O” means a state parallel to the axis line O
including a tolerance.

[0066] The first cylinder section 181 and the second cylin-
der section 182 are connected with each other by the joint
section 185. The junction between the joint section 185 and
the first cylinder section 181, and the junction between the
joint section 185 and the second cylinder section 182 are
formed in a smooth curved shape. The joint section 185 is
formed to have an inclination to the axis line O. According to
the first embodiment, the joint section 185 is formed to be
orthogonal to the axis line O, in other words, to be substan-
tially parallel to a plane perpendicular to the axis line O. The
coupling member 180 is produced, for example, by drawing.
[0067] According to the first embodiment, the coupling
member 180 is placed in the cap unit 120. The elastic force of
the coupling member 180 allows for a displacement of the
heater unit 150 along the axis line O. The coupling member
180 also serves to ensure the air tightness from a combustion
chamber into the metal shell 110 by coupling the heater unit
150 with the housing 130.

[0068] The coupling member 180 and the housing 130 are
fixed by a welded part 200 which is formed by punching
welding where the entire circumference is irradiated with a
laser in a direction orthogonal to the axis line O of the cou-
pling member 180 (hereinafter referred to as punching laser
welding). Similarly, the coupling member 180 and the heater
unit 150 are fixed by a welded part 210 formed by punching
laser welding the entire circumference is irradiated with a
laser in the direction orthogonal to the axis line O of the
coupling member 180. In the specification hereof; the “direc-
tion orthogonal to the axis line O” of laser radiation is not
limited to strictly orthogonal but includes a tolerance.
[0069] FIG. 3 is a schematic enlarged view illustrating the
welded part 210 formed to join the heater unit 150 with the
coupling member 180 according to the first embodiment. In
FIG. 3, a front end part 188a of the coupling member 180
prior to welding is shown by a broken line. Prior to welding
joint between the coupling member 180 and the heater unit
150, a gap 50 is formed between the edge portion 188 of the
coupling member 180 and the heater unit 150. Formation of
the gap 50 is attributed to the following reason. The coupling
member 180 is formed from a very thin plate material by, for
example, drawing and accordingly has difficulty in formation
of'a fixed thickness. The coupling member 180 is accordingly
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produced to have thickness in a range of 0.15 mm to 0.3 mm.
The sheath tube 152 of the heater unit 150 is, on the other
hand, formed by swaging process and has a relatively large
tolerance in the manufacturing process. For the purpose of
preventing axis deviation of the heater unit 150, the coupling
member 180 and the housing 130 are joined together, before
the coupling member 180 is joined with the heater unit 150.
The gap 50 is accordingly formed between the second cylin-
der section 182 of the coupling member 180 and the sheath
tube 152 of the heater unit 150, due to the respective manu-
facturing deviation of the coupling member 180 and the
heater unit 150. A distance G of this gap 50 in the radial
directionY is not less than %10 of a thickness T of the coupling
member 180.

[0070] In the case of joining the heater unit 150 with the
coupling member 180 by punching welding, the bonding
strength of'a welded part can be maintained when the interval
between the respective members is about Yo of the thickness
of the member to be welded, i.e., the coupling member 180.
Since the gap 50 having the distance G of not less than %10 of
the thickness T of the coupling member 180 is, however,
formed between the coupling member 180 and the heater unit
150 as described above, the coupling member 180 and the
heater unit 150 are preferably joined together by punching
laser welding that forms the welded part 210 by which the gap
50 is filled.

[0071] According to the first embodiment, the welded part
210 is formed by laser irradiation to the edge portion 188 of
the coupling member 180. More specifically, as shown in
FIG. 3, the welded part 210 is formed by filling the gap 50
between the coupling member 180 and the heater unit 150
with the melted front end part 188a (shown by the broken
line) that is at least part of the melted edge portion 188 of the
second cylinder section 182 of the coupling member 180,
which is melted by laser welding, and by forming an alloy
mixture of the melted edge portion 188 and the heater unit
150.

[0072] The welded part 210 includes a first welded part 250
and a second welded part 260. The first welded part 250 is
formed on the inner side in the radial direction Y and has a
maximum width d1 in the axis direction OD. The second
welded part 260 is formed on the outer side of the first welded
part 250 in the radial directionY, i.e., at a position distant from
the axis line O, and has a greater width d2 than the maximum
width d1 of the first welded part 250 in the axis direction OD.
The second welded part 260 has a part extended to the heater
unit 150. In other words, the welded part 210 has the second
welded part 260 formed to enter the heater unit 150. This
increases the occupied volume of the welded part 210 in the
heater unit 150 and improves the bonding strength.

[0073] According to the first embodiment, a fiber laser is
employed for punching laser welding. The fiber laser has a
narrow laser width and enables continuous irradiation. The
surface of the welded part 200 or 210 by the fiber laser is
accordingly formed in a narrow smooth linear shape includ-
ing a series of V-shaped welding marks. Additionally, the
cross section of the welded part 200 or 210 by the fiber laser
includes the first welded part 250 and the second welded part
260 having different maximum widths as described above
with reference to FIG. 3. The welded part is extended to even
the member to be welded (heater unit 150), which is located
at the farther position from the laser. This ensures the secure
bonding.
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[0074] The pressure sensor 160 (see FIG. 1B) includes: a
ring-shaped metal diaphragm 162 having an opening 161
provided on the center to enable the center shaft 170 to pass
through; and a piezoresistance element 164 joined with an
upper surface (surface on the rear end side) of the metal
diaphragm 162. The metal diaphragm 162 is made of, for
example, stainless steel. The integrated circuit 166 placed ata
specified position in the housing 130 is electrically connected
with the piezoresistance element 164. As described previ-
ously, the rear end of the transmission sleeve 134 connected
with the heater unit 150 is joined with the inner circumference
of the metal diaphragm 162. When the heater unit 150
receives a combustion pressure and is displaced along the axis
line O, the transmission sleeve 134 transmits the displace-
ment amount to the metal diaphragm 162 and thereby bends
the metal diaphragm 162. The integrated circuit 166 detects
this deformation of the metal diaphragm 162 by using the
piezoresistance element 164, so as to detect a combustion
pressure of the internal combustion engine. The integrated
circuit 166 outputs an electric signal representing this
detected combustion pressure through the wirings 116
inserted at the rear end of the metal shell 110 to, for example,
an external ECU.

[0075] According to the embodiment describe above, a tool
is engaged with the tool engagement structure 112 of the glow
plug 100, and the threaded section 114 is screwed to a plug
mounting hole 10 of the internal combustion engine. This
brings the cap unit 120 into contact with a seat surface 20 of
the plug mounting hole 10 and fixes the glow plug 100 to the
internal combustion engine.

A2. Joining Method

[0076] The glow plug 100 ofthe first embodiment is manu-
factured by producing and assembling the respective con-
stituent members of the glow plug 100 (the metal shell 110,
the cap unit 120, the heater unit 150, the pressure sensor 160
and the coupling member 180). The following describes an
assembly process of the glow plug 100 of the first embodi-
ment by welding and joining the coupling member 180 with
the housing 130 and the heater unit 150 with reference to
FIGS. 4 t0 9B. In FIGS. 5 to 9B herein, the upper side in the
drawings is specified as the front end side of the glow plug
100, and the lower side in the drawings is specified as the rear
end side of the glow plug 100.

[0077] FIG. 4 is a flowchart showing an assembly process
of'the glow plug 100 according to the first embodiment. FIG.
5 is a diagram illustrating insertion of the coupling member
180 according to the first embodiment. The assembly process
first assembles the metal shell 110, the heater unit 150 and the
pressure sensor 160 by a known method to produce a work
500 shown in FIG. 5 (step S10). The assembly process sub-
sequently inserts and places the coupling member 180 in the
produced work 500 (step S12). As shown in FIG. 5, the
coupling member 180 is inserted along the axis line O from
the first cylinder section 181-side to the front end of the work
500 (front end of the heater unit 150), until an edge portion
186 of the first cylinder section 181 abuts against the flange
133 of the sensor fixation member 132. As a result, the cou-
pling member 180 is arranged such that an outer peripheral
surface 132a of the sensor fixation member 132 on the front
end side of the flange 133 is opposed to an inner circumfer-
ential face 187 of the first cylinder section 181 of the coupling
member 180. At this time, the coupling member 180 is not
joined with the work 500.
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[0078] The assembly process subsequently chucks the
work 500 (step S14). FIG. 6 is a diagram illustrating the
chucking at step S14. A chuck device 600 internally has
hollow cylindrical sections 610 and 612 that communicate
with each other along the axis direction OD. The diameter of
the cylinder section 610 is smaller than the diameter of the
cylinder section 612 in the radial direction Y. The chuck
device 600 clamps and fixes the work 500 in a state that the
rear end side of the work 500 is received in the cylinder
sections 610 and 612.

[0079] The assembly process welds and joins the coupling
member 180 inserted in the work 500 to and with the housing
130 (step S16) and subsequently welds and joins the coupling
member 180 to and with the heater unit 150 (step 18). Accord-
ing to the first embodiment, in order to prevent deviation of
the axis of the heater unit 150 from the axis line O (axis
deviation), the coupling member 180 is joined with the hous-
ing 130 before the coupling member 180 is joined with the
heater unit 150.

[0080] FIG. 7 is an enlarged sectional view illustrating the
welding and joining at steps S16 and S18 according to the first
embodiment. FIG. 7 shows the enlarged cross section of an
encircled area A in FIG. 6. In order to prevent the first cylinder
section 181 of the coupling member 180 from coming oft the
flange 133 and prevent the center axis of the coupling member
180 from being inclined to the axis line O, the coupling
member 180 is pressed and fixed at the joint section 185 from
the front end side toward the rear end side by a pressure jig
800 in the process of welding and joining the coupling mem-
ber 180 to and with the housing 130.

[0081] The work 500 (see FIG. 6) fixed by the chuck device
600 is rotated in the X direction about the axis line O. When
the work 500 starts rotating, the first cylinder section 181 of
the coupling member 180 inserted and placed in the work 500
is continuously irradiated with a laser emitted from outside in
the radial directionY by a fiber laser welder 700. According to
the first embodiment, the first cylinder section 181 is irradi-
ated with a laser emitted from the direction orthogonal to the
axis line O. Laser radiation from the direction orthogonal to
the axis line O enables the molten state of the coupling mem-
ber 180 to be substantially equalized with the molten state of
the housing 130. The materials constituting the coupling
member 180 and the housing 130 heated by the laser are
melted to form an alloy at the laser-irradiated part and thereby
form the welded part 200. The coupling member 180 and the
housing 130 are joined with each other by formation of the
welded part 200.

[0082] After completion of formation of the welded part
200, the edge portion 188 of the coupling member 180 is
continuously irradiated with a laser emitted from outside in
the radial direction Y by the fiber laser welder 700. According
to the first embodiment, the edge portion 188 of the coupling
member 180 is irradiated with a laser emitted from the direc-
tion orthogonal to the axis line O. Laser radiation from the
direction orthogonal to the axis line O enables the molten
state of the coupling member 180 to be substantially equal-
ized with the molten state of the heater unit 150. The materials
constituting the coupling member 180 and the heater unit 150
heated by the laser are melted to form an alloy at the laser-
irradiated part and thereby form the welded part 210. The
coupling member 180 and the heater unit 150 are joined with
each other by formation of the welded part 210.

[0083] The following describes formation of the welded
part 210, based on the comparison between formation by a
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conventional method and formation by the method of'the first
embodiment. FIGS. 8A and 8B are schematic diagrams illus-
trating a welded part extended from the coupling member 180
to the heater unit 150 by a conventional technique. FIG. 8A
shows melting of the coupling member 180 by laser radiation,
and FIG. 8B shows formation of a welded part 2104.

[0084] Inorderto preventthe laser 710 from being deviated
from the coupling member 180 and the heater unit 150 from
being directly irradiated by laser radiation, the conventional
method irradiates a position sufficiently distant from the front
end part 188a with the laser 710 as shown in FIG. 8A. As a
result, in the process of formation of a welded part extended
from the coupling member 180 to the heater unit 150, the
melted part of the coupling member 180 flows to fill the gap
50 between the heater unit 150 and the coupling member 180.
As shown in FIG. 8B, this flow into the gap 50 causes reduc-
tion in wall thickness at the welded part 2105, for example,
the coupling member 180 may have an area of a thinner wall
thickness (called sink) at a boundary 189 between the cou-
pling member 180 and the welded part 2105 than the other
area of the coupling member 180; or the welded part 2105
itself may be deformed in the direction of laser radiation to
form a recess 900. The reduction in wall thickness at the
welded part 2105 (the occurrence of sink) causes problems:
reducing the weld strength and interfering with stably main-
taining the fatigue strength of the welded part 2105. Addi-
tionally, the conventional method does not transmit the heat
of'the laser 710 to the front end part 1884, so that the neigh-
borhood of the front end part 188a remains intact without
contributing to formation of the welded part 2105, in other
words, without affecting the bonding strength.

[0085] FIGS. 9A and 9B are schematic views illustrating
formation ofthe welded part 210 at step S18 in detail. FIG. 9A
shows melting of the front end part 188a by laser irradiation
of'the edge portion 188, and FIG. 9B shows filling of the gap
50 with the melted front end part 188a. According to the first
embodiment, the edge portion 188 includes an area between
the front end part 188a and a position distant from the front
end part 188a by a predetermined distance. The position
distant from the front end part 188a by the predetermined
distance means a position that is distant from the front end
part 1884 such that the front end part 188a of the coupling
member 180 can be melted by the heat of the laser 710 emitted
from the fiber laser welder 700 and is adequately determined
according to the performance and the laser intensity of the
fiber laser welder 700 and the material and the shape of a
member to be welded.

[0086] According to the first embodiment, irradiation of the
edge portion 188 with the laser 710 melts the front end part
188a, which has not conventionally been used for formation
of'a welded part (FIG. 9A). As shown by an arrow B, at least
aportion ofthe melted front end part 188a flows to fill the gap
50 between the heater unit 150 and the coupling member 180.
As a result, as shown in FIG. 9B, this supplements the mate-
rial of a required volume for formation of the welded part 210
(in other words, volume corresponding to the gap 50) and
thereby enables formation of the welded part 210 extended
from the edge portion 188 of the coupling member 180 to the
heater unit 150, simultaneously with preventing the occur-
rence of any area of a thinner wall thickness (occurrence of
sink) at the boundary 189 between the coupling member 180
and the welded part 210 than the other area of the coupling
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member 180 (FIG. 9B). The heater unit 150 and the coupling
member 180 are joined with each other by formation of the
welded part 210.

[0087] The assembly process then attaches the cap unit 120
to the front end of the work 500 where the heater unit 150 is
welded to the coupling member 180, so as to complete the
glow plug 100 (step S20).

[0088] In the glow plug 100 and the method for manufac-
turing of the glow plug 100 according to the first embodiment
described above, the edge portion 188 of the coupling mem-
ber 180 is joined with the heater unit 150 via the welded part
210 formed by melting at least part of the edge portion 188 of
the coupling member 180 by laser welding. Accordingly, the
edge portion 188 of the coupling member 180 which does not
affect the weld strength is melted by the heat of welding and
flows into the gap 50 between the coupling member 180 and
the heater unit 150, so as to fill the gap 50 formed between the
coupling member 180 and the heater unit 150 prior to weld-
ing. This consequently prevents partial reduction in wall
thickness of the coupling member 180 at the welded part and
stably maintains the weld strength.

[0089] In the glow plug 100 and the method for manufac-
turing of the glow plug 100 according to the first embodiment,
the welded part 210 is formed by irradiating the edge portion
188 of the coupling member 180 with a laser emitted from the
direction orthogonal to the axis line. Accordingly, this
enables formation of the welded part 210 by readily adjusting
the direction of laser radiation.

[0090] In the glow plug 100 and the method for manufac-
turing of the glow plug 100 according to the first embodiment,
the distance of the gap 50 between the coupling member 180
and the heater unit 150 is not less than %10 of the thickness of
the coupling member 180. Accordingly, this enables forma-
tion of the welded part 210 that maintains the strength reli-
ability, even when the gap 50 having the distance of not less
than %o of the thickness of the coupling member 180 is
formed between the coupling member 180 and the heater unit
150.

[0091] In the glow plug 100 and the method for manufac-
turing of the glow plug 100 according to the first embodiment,
the welded part 210 includes: the first welded part 250 which
is formed on the axis line side; and the second welded part 260
which has a greater width than the maximum width of the first
welded part 250 and is extended to the heater unit 150.
Accordingly, this increases the occupied volume of the
welded part 210 in the heater unit 150 and improves the
bonding strength.

B. Second Embodiment

[0092] A glow plug 1004 of a second embodiment differs
from the first embodiment in shape of a welded part 210a
extended from a heater unit 150 to a coupling member 180
and in laser radiation method for formation of the welded part
210a. In the glow plug 1004 of the second embodiment, the
like components to the respective components of the glow
plug 100 of'the first embodiment are described using the like
numerals and symbols used in the first embodiment. Forma-
tion of the welded part 210a according to the second embodi-
ment is described with reference to FIGS. 10, 11A and 11B.

B1. General Structure of Welded Part

[0093] FIG. 10 is a diagram illustrating direction of laser
radiation according to the second embodiment. A welded part
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200 is formed by the same method as that of the first embodi-
ment. After completion of formation of the welded part 200,
an edge portion 188 of the coupling member 180 is continu-
ously irradiated with a laser emitted from outside in a radial
direction by a fiber laser welder 700. According to the second
embodiment, the edge portion 188 of the coupling member
180 is irradiated with a laser emitted in an oblique direction
crossing the axis line O from the front end side to the rear end
side of the heater unit 150.

[0094] The welded part 210a includes: a first welded part
2504 formed on the inner side in a radial directionY; and a
second welded part 260a formed on the outer side of the first
welded part in the radial direction Y, i.e., at a position distant
from the axis line O, and has a greater width than a maximum
width of the first welded part 2504 in the axis direction OD.
The second welded part 260q is formed such that a portion of
the second welded part 260a is extended to the heater unit
150.

B2. Method of Formation of Welded Part

[0095] FIGS.11A and 11B are diagrams illustrating forma-
tion of the welded part 210a according to the second embodi-
ment. FIG. 11A shows melting of a front end part 188a by
laser irradiation of the edge portion 188, and FIG. 11B shows
filling of a gap 50 with the melted front end part 188a.
[0096] According to the second embodiment, the front end
part 188a is melted by irradiation of the edge portion 188 with
a laser 720 in the oblique direction crossing the axis line O
(FIG. 11A). In other words, an angle 61 between the irradia-
tion direction of the laser 720 and an orthogonal line P
orthogonal to the axis line O is greater than O degree and is
less than 90 degrees. This accelerates melting of at least a
portion of the front end part 1884 and more specifically a
portion 1885 on the gap 50 side and fills the gap 50 between
the heater unit 150 and the coupling member 180 with the
front end part 1884 including the portion 18856. As aresult, as
shown in FIG. 11B, this enables formation of the welded part
210a extended from the edge portion 188 of the coupling
member 180 to the heater unit 150, simultaneously with pre-
venting the occurrence of any area of a thinner wall thickness
at a boundary 189 between the coupling member 180 and the
welded part 2104 than the other area of the coupling member
180 (FIG. 11B). The heater unit 150 and the coupling member
180 are joined with each other by formation of the welded part
210a.

[0097] The radiation direction of'the laser 720 (angle 61) is
estimable from the shape of the cross section of the welded
part 210a. FIG. 12 is a diagram illustrating a method of
estimating the radiation direction of the laser 720.

[0098] FIG. 12 specifically shows in closeup the neighbor-
hood of the welded part 210a in the cross section passing
through the axis line O of the glow plug 100. As described
above, the welded part 210a includes the second welded part
260q and the first welded part 250qa extended in the direction
approaching from the second welded part 260q to the axis line
O. The radiation direction of the laser 720 (angle 61) is
thought to be substantially equal to an angle 62 between the
extension direction of the first welded part 250a and the
orthogonal line P orthogonal to the axis line O. The angle 62
between the extension direction of the first welded part 250a
and the orthogonal line P is accordingly estimated as the
radiation direction of the laser 720 (angle 61). In the cross
section as shown in FIG. 12, the extension direction of the first
welded part 250q is a direction of a mean line La between a
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boundary line [.1 on the front end side of the first welded part
250q and a boundary line .2 on the rear end side (a group of
points having the equal distances from the boundary line L1
and from the boundary line 1.2).

[0099] The radiation direction of the laser 720 (angle 61) is
preferably not less than 10 degrees and not greater than 40
degrees, in terms of preventing deterioration of the durability
of the coupling member 180. FIG. 13 is a chart showing a
relationship between the radiation direction of the laser 720
(angle 01) and the variation in output of the pressure sensor
160. FIG. 13 specifically shows an example of test results in
measurement of a variation in output (variation in zero point)
of'the pressure sensor 160 after welding when the welded part
210a is formed by changing the radiation direction of the laser
720 (angle 61). The greater variation in output of the pressure
sensor 160 after welding means the greater welding shrinkage
(residual stress) of the coupling member 180 and may thus
reduce the durability of the coupling member 180. As shown
in FIG. 13, the variation in output of the pressure sensor 160
is relatively large at the angle 01 greater than 40 degrees. This
may be attributed to that the angle 61 greater than 40 degrees
expands an area of the coupling member 180 that is melted
during welding (for example, only the coupling member 180
is melted at the angle 81 of 90 degrees) and increases the
welding shrinkage. The angle 01 less than 10 degrees, on the
other hand, has difficulty in flowing the melted part of the
coupling member 180 into the gap 50 and is thus undesired.
The angle 61 of not less than 10 degrees and not greater than
40 degrees causes a relatively small variation in output of the
pressure sensor 160, thus relatively reducing the welding
shrinkage (residual stress) of the coupling member 180 and
preventing deterioration of the durability of the coupling
member 180. The angle 01 of not less than 10 degrees and not
greater than 40 degrees facilitates flowing the melted part of
the coupling member 180 into the gap 50 and is thus desired.
The angle 62 between the extension direction of the first
welded part 250a and the orthogonal line P is substantially
equal to the radiation direction of the laser 720 (angle 61), so
that the angle 62 is preferably not less than 10 degrees and not
greater than 40 degrees.

[0100] Inthe glow plug 100a and the method for manufac-
turing of the glow plug 1004 according to the second embodi-
ment described above, the welded part 210a is formed by
irradiation of the edge portion of the coupling member 180
with a laser emitted in the oblique direction crossing the axis
line from the front end side to the rear end side of the heater
unit 150. This positively melts the edge portion of the cou-
pling member 180 in the neighborhood of the gap 50 formed
between the coupling member 180 and the heater unit 150 and
ensures the material for filling the gap 50. Accordingly, this
enables the gap 50 to be efficiently filled with the melted edge
portion of the coupling member 180 and maintains the
strength reliability of the welded part 210a. Even when the
gap 50 has a relatively large distance, this enables the gap 50
to be filled sufficiently and maintains the bonding strength.

[0101] Inthe glow plug 100a and the method for manufac-
turing of the glow plug 1004 according to the second embodi-
ment, the welded part 210q includes the first welded part 250a
formed on the axis line side and the second welded part 260a
that has the greater width than the maximum width of the first
welded part 250a and is extended to the heater unit. This
increases the occupied volume of the welded part 210« in the
heater unit 150 and improves the bonding strength.
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[0102] The foregoing describes the various embodiments
of the invention. The invention is, however, not limited to
these embodiments, but a multiplicity of variations and modi-
fications may be made to the embodiments without departing
from the scope of the invention. For example, the heater
including the sheath tube 152, the heating coil 154 and the
insulating powder 155 is employed for the heater unit 150 in
the above embodiments, but a ceramic heater may be used
alternatively. In this application, an assembly of a ceramic
heater and a metal outer cylinder in a tubular shape fixed to the
outer circumferential face of the ceramic heater may be
employed for the heater unit 150. The combustion pressure is
detected by using the piezoresistance element 164 in the
above embodiments, but the combustion pressure may be
detected by another sensor. For example, a piezoelectric ele-
ment may be used to detect the combustion pressure. In this
application, employed may be a configuration where a piezo-
electric element is placed between the sensor fixation mem-
ber 132 and the transmission sleeve 134 in the axial direction.

REFERENCE SIGNS LIST

[0103] 10...mounting hole

[0104] 20 ... seat surface

[0105] 50...gap

[0106] 100 ... glow plug

[0107] 100q ... glow plug

[0108] 110 ... metal shell

[0109] 112...tool engagement structure
[0110] 114 ... threaded section

[0111] 116 ... wirings

[0112] 120...cap unit

[0113] 122... cylindrical section
[0114] 124 ... tapered section

[0115] 125... opening

[0116] 130...housing

[0117] 132 ... sensor fixation member
[0118] 132q... outer peripheral surface
[0119] 133 ... flange

[0120] 134 ... transmission sleeve
[0121] 150 ... heater unit

[0122] 152 ... sheath tube

[0123] 154 ... heating coil

[0124] 155 ... insulating powder
[0125] 156 ... seal member

[0126] 160 ... pressure sensor

[0127] 161 ... opening

[0128] 162 ... metal diaphragm
[0129] 164 ... piezoresistance element
[0130] 166 ... integrated circuit
[0131] 170 ... center shaft

[0132] 180 ... coupling member
[0133] 181 ... first cylinder section
[0134] 182 ... second cylinder section
[0135] 185... joint section

[0136] 186 ... edge portion

[0137] 187 ... inner circumferential face
[0138] 188 ... edge portion

[0139] 188a ... front end part

[0140] 1885 ... portion

[0141] 189 ... boundary

[0142] 200 ... welded part

[0143] 210 ... welded part

[0144] 210q ... welded part
[0145] 2105 ... welded part
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[0146] 250 ... first welded part
[0147] 250q . . . first welded part
[0148] 260 ... second welded part
[0149] 260q .. . second welded part

[0150] 500 ... work

[0151] 600 ... chuck device
[0152] 610 ... cylinder section
[0153] 612 ... cylinder section
[0154] 700 ... fiber laser welder

[0155] 710 ... laser
[0156] 720 ... laser
[0157] 800 ... pressure jig

1. A glow plug with a pressure sensor comprising:

a housing in a cylindrical shape that is extended in a direc-
tion of an axis line;

a heater unit in a rod shape that has a rear end part placed in
the housing and a front end part protruded from a front
end of the housing and is movable along the direction of
the axis line;

a coupling member in a thin film shape that enables the
heater unit to move along the direction of the axis line
and couples the heater unit with the housing; and

a pressure sensor that detects a pressure based on a load
transmitted via the heater unit, wherein

an edge portion of the coupling member and the heater unit
are joined together by laser welding performed from a
coupling member side,

a portion of the coupling member other than the edge
portion is arranged to face the heater unit with a gap
therebetween, and

the edge portion of the coupling member is joined with the
heater unit via a welded part formed by melting at least
part of the edge portion of the coupling member by the
laser welding.

2. The glow plug with the pressure sensor according to

claim 1, wherein

the welded part is formed by irradiating the edge portion of
the coupling member with a laser emitted from a direc-
tion orthogonal to the axis line.

3. The glow plug with the pressure sensor according to

claim 1, wherein

the welded part is formed by irradiating the edge portion of
the coupling member with a laser emitted in an oblique
direction crossing the axis line from a front end side to a
rear end side of the heater unit.

4. The glow plug with the pressure sensor according to

claim 3, wherein

an angle between an extension direction of the welded part
and a direction orthogonal to the axis line is 10 degree or
greater and is 40 degrees or less.

5. The glow plug with the pressure sensor according to

claim 1, wherein

the welded part includes:
afirst welded part that is formed on a side of the axis line
in a direction orthogonal to the direction of the axis
line; and
a second welded part that is formed at a position more
distant from the axis line than the first welded part in
the direction orthogonal to the direction of the axis
line and has a greater width than a maximum width of
the first welded part in the direction of the axis line,
wherein
aportion of the second welded part is extended to the heater
unit.
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6. A method for manufacturing of a glow plug with a
pressure sensor including: a housing in a cylindrical shape
that is extended in a direction of an axis line; a heater unit in
a rod shape that has a rear end part placed in the housing and
a front end part protruded from a front end of the housing and
is movable along the direction of the axis line; a coupling
member in a thin film shape that enables the heater unit to
move along the direction of the axis line and couples the
heater unit with the housing; and a pressure sensor that detects
a pressure based on a load transmitted via the heater unit, the
method comprising a step of:

joining the heater unit with the other end of the coupling

member having a shape parallel to the heater unit by
laser welding performed from a coupling member side,
such that at least part of a melted edge portion of the
coupling member melted by the laser welding fills a gap
formed between the coupling member and the heater
unit.

7. The method for manufacturing of the glow plug with the
pressure sensor according to claim 6, wherein

the step of joining the heater unit with the coupling member

irradiates the edge portion of the coupling member with
a laser emitted from a direction orthogonal to the axis
line.

8. The method for manufacturing of the glow plug with the
pressure sensor according to claim 6, wherein

the step of joining the heater unit with the coupling member

irradiates the edge portion of the coupling member with
a laser emitted in an oblique direction crossing the axis
line from a front end side to a rear end side of the heater
unit.

#* #* #* #* #*
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