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(54) METHOD OF PRODUCING GLOW PLUG AND THE GLOW PLUG

(67)  To suppress breakage at a connection region
where a front end coil and a rear end coil are connected,
provided is a method of producing a glow plug including
asheath tube that extends in an axial direction and whose
frontend is closed, a front end coil that is disposed in the
sheath tube and that is connected to a front end portion
of the sheath tube, and a rear end coil that is disposed
in the sheath tube and that is connected to a rear end
portion of the front end coil. The method includes a weld-
ing step of, by melting a front end portion of the rear end
coil, welding the rear end portion of the front end coil and
the front end portion of the rear end coil such that at least
part of the rear end portion of the front end coil is em-
bedded in the front end portion of the rear end coil while
being surrounded by the front end portion of the rear end
coil. In the method, a main component of the front end
coil is tungsten (W) or molybdenum (Mo), and a melting
point of the rear end coil is lower than a melting point of
the front end coil.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a method of
producing a glow plug and the glow plug.

2. Description of the Related Art

[0002] A glow plugincluding a sheath tube thatextends
in an axial direction, a front end coil whose front end
portion is connected to a front end portion of the sheath
tube, and a rear end coil whose front end portion is con-
nected to a rear end portion of the front end coil is known.
For example, in a glow plug described in PTL 1, as afront
end coil, a coil that uses tungsten (W) or molybdenum
(Mo) is used.

Citation List
Patent Literature
[0003]

PTL 1: International Publication No. 2011/162074
PTL 2: Japanese Unexamined Patent Application
Publication No. 2014-59086

PTL 3: Japanese Unexamined Patent Application
Publication No. 2015-14393

[0004] However, when tungsten (W) or molybdenum
(Mo) is used for the front end coil, tungsten (W) or mo-
lybdenum (Mo) undergoes embrittlement as a result of
being recrystallized after being melted at a high temper-
ature. Therefore, in connecting the front end coil and the
rear end coil to each other, if the melting amount of the
front end coil is large, a connection portion where the
front end coil and the rear end coil are connected may
break. Consequently, there is a demand for a technology
that, in connecting the front end coil and the rear end coil
to each other, suppresses the melting amount of the front
end coil and, thus, suppresses breakage of the connec-
tion portion.

SUMMARY OF THE INVENTION

[0005] Accordingly, the present invention is made for
overcoming the aforementioned problem, and can be re-
alized in the following aspects and forms.

[0006] According to a first aspect of the presentinven-
tion, there is provided a method of producing a glow plug
including a sheath tube that extends in an axial direction
and whose front end is closed, a front end coil that is
disposed in the sheath tube and that is connected to a
front end portion of the sheath tube, and a rear end coil
that is disposed in the sheath tube and that is connected
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to a rear end portion of the front end coil. The method
includes a welding step of, by melting a front end portion
of the rear end coil, welding the rear end portion of the
front end coil and the front end portion of the rear end
coil such that at least part of the rear end portion of the
front end coil is embedded in the front end portion of the
rear end coil while being surrounded by the front end
portion of the rear end coil. In the method, a main com-
ponent of the front end coil is tungsten (W) or molybde-
num (Mo), and a melting point of the rear end coil is lower
than a melting point of the front end coil. If the producing
method according to the first aspectis used, itis possible
to connect the front end coil and the rear end coil to each
other without melting the front end coil by a large amount,
so that it is possible to suppress embrittlement caused
by recrystallization of tungsten (W) or molybdenum (Mo),
each being a main component of the front end coil, and,
thus, to suppress breakage of a connection region where
the front end coil and the rear end coil are connected.
[0007] Inafirstformofthe producing method according
to the first aspect, in the welding step, the welding is
performed by laser welding. If the producing method ac-
cording to the first form is used, it is possible to melt a
desired portion of the rear end coil and connect the front
end coil and the rear end coil to each other.

[0008] In a second form of the producing method ac-
cording to the first aspect, the laser welding is performed
by irradiating the front end portion of the rear end coil
with laser light. If the producing method according to the
second form is used, since the front end portion of the
rear end coil is irradiated with laser light, it is possible to
suppress melting of the front end coil. Therefore, it is
possible to effectively suppress embrittlement caused by
recrystallization of tungsten (W) or molybdenum (Mo),
each being a main component of the front end coil.
[0009] According to a second aspect of the present
invention, there is provided a glow plugincluding a sheath
tube that extends in an axial direction and whose front
end is closed, a front end coil that is disposed in the
sheath tube and that is connected to a front end portion
of the sheath tube, and a rear end coil that is disposed
in the sheath tube and that is connected to a rear end
portion of the front end coil. The glow plug also includes
a connection portion in which at least part of the rear end
portion of the front end coil is embedded in a front end
portion of the rear end coil while being surrounded by the
front end portion of the rear end coil. In the glow plug, a
main component of the front end coil is tungsten (W) or
molybdenum (Mo), and a melting point of the rear end
coil is lower than a melting point of the front end coil. If
the glow plug according to the second aspect is used,
the front end coil and the rear end coil are connected to
each other by embedding at least part of the rear end
portion of the front end coil in the front end portion of the
rear end coil while being surrounded by the front end
portion of the rear end coil, the melting point of the rear
end coil being lower than the melting point of the front
end coil. Therefore, recrystallization of tungsten (W) or
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molybdenum (Mo) at the connection portion where the
front end coil and the rear end coil are connected is sup-
pressed, and, thus, it is possible to suppress breakage
of the connection portion caused by embrittlement of the
recrystallized tungsten (W) or molybdenum (Mo).
[0010] In a first form of the glow plug according to the
second aspect, a thickness of an alloy section that is
disposed between the rear end portion of the front end
coil and the front end portion of the rear end coil at the
connection portion and that is made of an alloy of a metal
making up the front end coil and a metal making up the
rear end coil is 10 wm or less. If the glow plug according
to thefirstformis used, itis possible to reduce the quantity
of the alloy section composed of recrystallized tungsten
(W) or molybdenum (Mo). Therefore, it is possible to ef-
fectively suppress breakage of the connection portion
caused by embrittlement of tungsten (W) or molybdenum
(Mo) at the alloy section.

[0011] In a second form of the glow plug according to
the second aspect, a wire diameter of the rear end coill
is greater than a wire diameter of the front end coil. If the
glow plug according to the second form is used, the glow
plug may be a plug in which the front end coil and the
rear end coil are firmly connected to each other.

[0012] In a third form of the glow plug according to the
second aspect, a length of one turn of the front end coil
from the connection portion as a starting point along the
axial direction is greater than an average pitch of the front
end coil. If the glow plug according to the third form is
used, since it is possible to reduce the quantity of the
front end coil near the connection portion, it is possible
to suppress a temperature rise near the connection por-
tion when electricity is transmitted to the glow plug, and,
thus, to increase the durability of the connection portion.
[0013] The present invention may be realized in vari-
ous forms, such as a sheath heater and a controller in-
cludingaglow plug, in addition to the method of producing
a glow plug and the glow plug described above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a block diagram of a glow plug controller
according to a first embodiment of the presentinven-
tion;

Fig. 2 illustrates a glow plug of the glow plug control-
ler;

Fig. 3 is a sectional view of a detailed structure of a
sheath heater;

Fig. 4 is a sectional view of the vicinity of a connection
portion;

Fig. 5 is a flowchart of a method of producing the
glow plug;

Fig. 6 is an explanatory view of a welding step;

Fig. 7 illustrates a state in which a front end coil and
a rear end coil are welded to each other;

Fig. 8 is an explanatory view of a welding step ac-
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cording to a second embodiment; and
Fig. 9 illustrates the vicinity of a connection portion
according to a modification.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
First Embodiment
Structure of Glow Plug Controller

[0015] Fig. 1isablock diagram of a glow plug controller
21 according to a first embodiment of the present inven-
tion. The glow plug controller 21 includes a glow plug 10,
a controlling unit 32, and a switch 33. Although, in Fig.
1, only one glow plug 10 is shown, an actual engine is
provided with a plurality of cylinders, and a plurality of
the glow plugs 10 and a plurality of the switches 33 are
provided in correspondence with the respective cylin-
ders.

[0016] The controlling unit 32 is formed as a microcom-
puter including, for example, a CPU, ROM, and RAM.
The controlling unit 32 controls the transmission of elec-
tricity to the glow plug 10 by performing pulse width mod-
ulation (PWN) control. The controlling unit 32 is capable
of calculating applied voltage to the glow plug 10 on the
basis of an input voltage. The switch 33 is switched be-
tween transmission-on and transmission-off of electricity
to the glow plug 10 from a battery VA. The switch 33 is
formed to operate a field effect transistor (FET) having a
current detecting function via, for example, an NPN tran-
sistor. The controlling unit 32 obtains the resistance value
of the glow plug 10 on the basis of the applied voltage
and electric current that flows through the glow plug 10
and that is measured by the switch 33. Further, in the
embodiment, when an energy key is turned on, the con-
trolling unit 32 is capable of performing pre-glow trans-
mission of electricity that rapidly raises the temperature
of the glow plug 10, and of performing an after-glow trans-
mission of electricity that maintains the glow plug 10 at
a predetermined temperature for a predetermined time.
[0017] In the pre-glow transmission of electricity, the
controlling unit 32 performs a rapid temperature raising
operation in which, by applying a voltage of 11 V to the
glow plug 10, the surface temperature at a position that
is 2 mm from a rear end side in an axial direction OD
from a front end (described later) of a sheath tube of the
glow plug 10 is raised to 1000°C or greater in 3 seconds
or less from the start of the application of the voltage. In
the pre-glow transmission of electricity, the controlling
unit 32 rapidly raises the temperature of the glow plug
10 to a target temperature by causing a curve that indi-
cates the relationship between electric power applied to
the glow plug 10 and an elapsed time to coincide with a
previously formed reference curve. More specifically, the
controlling unit 32 determines the electric power to be
applied to the glow plug 10 at each time in accordance
with an elapsed time from the start of transmission of
electricity by using tables of relational expressions indi-
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cating a predetermined reference curve. The controlling
unit 32 determines the voltage to be applied to the glow
plug 10 on the basis of the relationship between the elec-
tric current that flows through the glow plug 10 and a
value of the electric power to be applied to the glow plug
10 at that point in time; and controls the voltage that is
applied to the glow plug 10 by performing the PWM con-
trol. By this, the electric power is applied such thata curve
that is the same as the reference curve is drawn, and the
glow plug 10 is heated in correspondence with the inte-
grated quantity of the electric power applied up to each
point in time in the temperature raising process. There-
fore, when the application of electric power in accordance
with the reference curve is completed, the temperature
of the glow plug 10 reaches the target temperature at a
time that is in accordance with the reference curve.
[0018] In the after-glow transmission of electricity, the
supply electric power to the glow plug 10 is adjusted such
that the surface temperature of the sheath tube of the
glow plug 10 is 1000°C or greater during a relatively long
period of time (such as approximately 180 seconds). In
the after-glow transmission of electricity, the controlling
unit 32 controls the transmission of electricity to the glow
plug 10 such that the resistance value of the glow plug
10 is the same as a resistance value (target resistance
value) occurring at the target temperature. More specif-
ically, on the basis of the difference between a current
resistance value of the glow plug 10 and the target re-
sistance value, the controlling unit 32 performs, for ex-
ample, proportional-integral (Pl) control to calculate an
effective voltage to be applied to the glow plug 10 and
sets a duty ratio, which is equal to the pulse width divided
by the pulse period, on the basis of the calculated effec-
tive voltage, so that the transmission of electricity is con-
trolled.

Structure of Glow Plug

[0019] Fig. 2 illustrates the glow plug 10 of the glow
plug controller 21. The glow plug 10 includes a sheath
heater (heating device) 800 that generates heat, and
functions as a heat source that helps ignition when start-
ing an internal combustion engine (not shown) such as
a diesel engine as a typical example. The glow plug 10
includes, in addition to the sheath heater 800, a center
shaft 200, and a metal shell 500. These members that
make up the glow plug 10 are assembled along the axial
direction OD of the glow plug 10. Fig. 2 illustrates an
external structure on the right side of an axial line O in
the plane of Fig. 2, and a sectional structure on the left
side of the axial line O in the plane of Fig. 2. In the spec-
ification, the side of the sheath heater 800 of the glow
plug 10 is called a "front end side", and the side of an
engaging member 100 is called a "rear end side".

[0020] The metal shell 500 is a member that is formed
by forming carbon steel into a cylindrical shape. A front-
end-side end portion of the metal shell 500 holds the
sheath heater 800. A rear-end-side end portion of the
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metal shell 500 holds the center shaft 200 via an insulat-
ing member 410 and an O ring 460. The position of the
insulating member 410 along the axial line O is fixed by
crimping a ring 300 that contacts a rear end of the insu-
lating member 410 to the center shaft 200. Further, a
portion of the center shaft 200 extending from the insu-
lating member 410 to the sheath heater 800 is disposed
in an axial hole 510 of the metal shell 500. The axial hole
510 is a through hole formed along the axial line O, and
has a diameter that is larger than the diameter of the
center shaft 200. With the center shaft 200 positioned in
the axial hole 510, a gap that electrically insulates the
axial hole 510 and the center shaft 200 from each other
is formed between the axial hole 510 and the center shaft
200. The sheath heater 800 is press-fitted and joined to
a front-end side of the axial hole 510. The metal shell
500 includes a tool engaging portion 520 and an exter-
nally threaded portion 540. The tool engaging portion 520
of the metal shell 500 engages with a tool (not shown)
that is used in mounting and dismounting the glow plug
10. The externally threaded portion 540 is fitted to an
external thread of an internal combustion engine (not
shown).

[0021] The center shaft 200 is a member thatis formed
by forming a conductive materialinto a circular cylindrical
shape (rod shape). With the center shaft 200 being in-
serted in the axial hole 510 of the metal shell 500, the
center shaft 200 is assembled along the axial line O. The
center shaft 200 includes a front end portion 210 that is
formed at the front end side, and an externally threaded
portion 290 thatis provided at the rear end side. The front
end portion 210 is inserted in the sheath heater 800. The
externally threaded portion 290 protrudes towards the
rear end side from the metal shell 500. The engaging
member 100 is fitted to the externally threaded portion
290.

[0022] Fig. 3 is a sectional view of a detailed structure
of the sheath heater 800. With the front end portion 210
of the center shaft 200 being inserted in the sheath heater
800, the sheath heater 800 is pressed-fitted and joined
to an inner portion of the axial hole 510 of the metal shell
500. The sheath heater 800 includes a sheath tube 810,
a front end coil 820, a rear end coil 830, and an insulator
870.

[0023] The sheath tube 810 is a cylindrical member
that extends in the axial direction OD and whose front
end is closed. The sheath tube 810 accommodates the
front end coil 820, the rear end coil 830, and the insulator
870. The sheath tube 810 includes a side surface portion
814 that extends in the axial direction OD, a front end
portion 813 that is connected to a front end side of the
side surface portion 814 and that is rounded towards an
outer side, and a rear end portion 819 that is an end
portion that is open at a side opposite to the front end
portion 813. The front end portion 210 of the center shaft
200 is inserted in the sheath tube 810 from the rear end
portion 819. The sheath tube 810 is electrically insulated
from the center shaft 200 by packing 600 and the insulator
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870. On the other hand, the sheath tube 810 contacts
and is electrically connected to the metal shell 500. The
sheath tube 810 is made of, for example, austenitic stain-
less steel materials containing iron (Fe), chromium (Cr),
and carbon (C); or nickel (Ni) based alloys, such as In-
conel 601 (Inconel is a trademark) and alloy 602 (corre-
sponding to DIN2.4633 alloy according to German Indus-
try Standard (DIN)).

[0024] The insulator 870 is made of an electrically in-
sulating material powder. For example, magnesium ox-
ide (MgO) powder is used for the insulator 870. When
the sheath tube 810 accommodates the center shaft 200,
the front end coil 820, and the rear end coil 830, the in-
sulator 870 fills a gap formed in the sheath tube 810, and
electrically insulates this gap.

[0025] The front end coil 820 is disposed along the
axial direction OD at an inner side of the sheath tube 810,
and is heated by the transmission of electricity. The front
end coil 820 includes a front end portion 822, which is a
front-end-side coil end portion, and a rear end portion
828, which is a rear-end-side coil end portion. The front
end portion 822 is positioned in the front end portion 813
of the sheath tube 810, and is electrically connected to
the sheath tube 810. The front end portion 822 is em-
bedded in the front end portion 813 of the sheath tube
810 while being surrounded by the front end portion 813
of the sheath tube 810. The rear end portion 828 is elec-
trically connected to the rear end coil 830 via a connection
portion 840 formed by welding the front end coil 820 and
the rear end coil 830 to each other. Examples of the main
component of the front end coil 820 are tungsten (W) and
molybdenum (Mo). The term "main component" refers to
a substance whose percentage content (mass%) is 50
mass% or greater. Itis desirable thatthe main component
of the front end coil 820 be tungsten (W), and the per-
centage content of tungsten (W) in the front end coil 820
be 99 mass% or greater. In the embodiment, the main
component of the front end coil 820 is tungsten (W), and
the percentage content of tungsten (W) in the front end
coil 820 is 99 mass% or greater. In the embodiment, the
wire diameter of the front end coil is 0.20 mm. In the
embodiment, as shown in Fig. 3, a length L of one turn
of the front end coil 820 from the connection portion 840
as a starting point along the axial direction OD is greater
than an average pitch of the front end coil 820. The pitch
refers to an interval between spiral portions of the coil
(such as aninterval p shown in Fig. 3). The average pitch
of the front end coil 820 refers to an average of intervals
at a location where gaps between spiral portions of the
front end coil 820 is stable. In the embodiment, the av-
erage pitch of the front end coil 820 is determined on the
basis of the average of intervals between spiral portions
at a portion T in Fig. 3 excluding intervals between spiral
portions for three turns from a front-end-side inner wall
surface 812 of the sheath tube 810 to the back end side
and intervals between spiral portions for three turns from
the connection portion 840 to the front end side.

[0026] The rear end coil 830 includes a front end por-
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tion 832, which is a front-end-side coil end portion, and
arear end portion 839, which is a rear-end-side coil end
portion. The front end portion 832 is electrically connect-
ed to the front end coil 820 via the connection portion
840. By joining the rear end portion 839 to the front end
portion 210 of the center shaft 200, the rear end portion
839 is electrically connected to the center shaft 200. The
melting point of the rear end coil 830 is lower than the
melting point of the front end coil 820. The rear end coil
830 is made of, for example, an alloy of nickel (Ni) and
chromium (Cr) or an alloy of iron (Fe), chromium (Cr),
and aluminum (Al). In the embodiment, the wire diameter
of the rear end coil 830 is 0.40 mm, and is greater than
the wire diameter of the front end coil 820.

[0027] From the viewpoint of ensuring rapid tempera-
ture rise characteristics, it is desirable that a resistance
value R, of the glow plug 10 at 20°C be 0.6 Q or less.
In the embodiment, the resistance value R, at 20°C of
the glow plug 10 refers to the total of the resistance value
of the front end coil 820 at 20°C and the resistance value
of the rear end coil 830 at 20°C. In the embodiment, the
resistance value Ry of the glow plug 10 at 20°C is 0.4
Q. In addition, in the embodiment, a resistance ratio R1
of a resistance value R1,4, at 1000°C with respect to a
resistance value R1,, of the front end coil 820 at 20°C
and a resistance ratio R2 of a resistance value R2qqq at
1000°C with respect to a resistance value R2, of the
rear end coil 830 at 20°C have a relationship of R1 > R2.
[0028] Fig. 4 is a sectional view of the vicinity of the
connection portion 840. The cross section of Fig. 4 is one
that is formed by a plane cutting the sheath heater 800
at a portion that includes the axial line O. Fig. 4 illustrates
spiral portions 823 of the front end coil 820, the connec-
tion portion 840 where the front end coil 820 and the rear
end coil 830 are connected, spiral portions 833 of the
rear end coil 830, the sheath tube 810, and the insulator
870, all of which are cut by the plane at the portion that
includes the axial line O. As shown in Fig. 4, at the con-
nection portion 840, part of the rear end portion 828 of
the frontend coil 820 is embedded in the front end portion
832 of the rear end coil 830 while being surrounded by
the front end portion 832 of the rear end coil 830. In ad-
dition, in the embodiment, as shown in Fig. 4, the front
end portion 822 of the front end coil 820 is positioned
between a front end 811 of the sheath tube 810 and the
front-end-side inner wall surface 812 of the sheath tube
810; and the front end portion 822 of the front end coil
820is embeddedinthe frontend portion 813 ofthe sheath
tube 810 while being surrounded by the front end portion
813 of the sheath tube 810.

[0029] The connection portion 840 when an alloy sec-
tion 860 is formed is schematically shown in enlarged
form within a broken line S shown in Fig. 4. The alloy
section 860 is made of an alloy of the metal making up
the front end coil 820 and the metal making up the rear
end coil 830. The alloy section 860 is composed of tung-
sten (W) or molybdenum (Mo) recrystallized after being
melted. In the glow plug 10 according to the embodiment,
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the alloy section 860 is not formed between the rear end
portion 828 of the front end coil 820 and the front end
portion 832 of the rear end coil 830. However, when the
alloy section 860 is formed, itis desirable that a thickness
D of the alloy section 860 be 10 wm or less. The thickness
D of the alloy section 860 may be calculated by detecting
the connection portion 840 by, for example, an electron
probe micro analyser (EPMA).

[0030] According to the glow plug 10 of the embodi-
ment having the above-described structure, the frontend
coil 820 and the rear end coil 830 are connected to each
other by embedding at least part of the rear end portion
828 of the front end coil 820 in the front end portion 832
of the rear end coil 830 while being surrounded by the
front end portion 832 of the rear end coil 830, the melting
point of the rear end coil 830 being lower than the melting
point of the front end coil 820. Therefore, recrystallization
of tungsten (W) or molybdenum (Mo) at the connection
portion 840 where the front end coil 820 and the rear end
coil 830 are connected is suppressed, and, thus, it is
possible to suppress breakage of the connection portion
840 caused by embrittlement of the recrystallized tung-
sten (W) or molybdenum (Mo).

[0031] Since the thickness D of the alloy section 860
is 10 wm or less, it is possible to reduce the quantity of
the alloy section 860 composed of recrystallized tungsten
(W) or molybdenum (Mo). Therefore, since it is possible
to effectively suppress embrittlement of tungsten (W) or
molybdenum (Mo) at the connection portion 840, it is pos-
sible to suppress breakage of the connection portion 840.
[0032] Further, in the embodiment, since the wire di-
ameter of the rear end coil 830 is greater than the wire
diameter of the front end coil 820, it is possible to provide
a glow plug in which the front end coil 820 and the rear
end coil 830 are firmly connected to each other.

[0033] In the embodiment, the length L of one turn of
the front end coil 820 from the connection portion 840 as
a starting point along the axial direction OD is greater
thanthe average pitch ofthe front end coil 820. Therefore,
compared to a case in which the length L is equal to the
average pitch of the front end coil 820, the quantity of the
front end coil 820 near the connection portion 840 is
small. Consequently, since it is possible to reduce the
quantity of the front end coil 820 near the connection
portion 840, it is possible to suppress a temperature rise
near the connection portion 840 when electricity is trans-
mitted to the glow plug 10, and, thus, to increase the
durability of the connection portion 840.

Method of Producing Glow Plug 10

[0034] Fig. 5 is a flowchart of a method of producing
the glow plug 10. In producing the glow plug 10, first, the
front end coil 820 and the rear end coil 830 are welded
to each other (Step S10). In Step S10, the welding is
performed such that the front end portion 832 of the rear
end coil 830 is melted, and at least part of the rear end
portion 828 of the front end coil 820 is embedded in the
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front end portion 832 of the rear end coil 830 while being
surrounded by the front end portion 832 of the rear end
coil 830. Step S10 is also called the "welding step". The
rear end coil 830 used in the embodiment has a wire
diameter that is greater than the wire diameter of the front
end coil 820.

[0035] Fig. 6is an explanatory view of the welding step.
In this step, first, as shown in Fig. 6, the front end coil
820 and the rear end coil 830 are disposed such that the
rear end portion 828 of the front end coil 820 and the
front end portion 832 of the rear end coil 830 are close
to each other. Such an arrangement can be maintained
by, for example, contacting an inner peripheral surface
of the front end coil 820 and an inner peripheral surface
of the rear end coil 830 by a metal rod. Next, by irradiating
the vicinity of the rear end portion 828 of the front end
coil 820 and the front end portion 832 of the rear end coil
830 with, for example, laser light LZ, the front end coil
820 and the rear end coil 830 are welded to each other.
Inthe welding, for example, the output of awelding device
and the welding time are adjusted such that the front end
coil 820 and the rear end coil 830 are welded at a tem-
perature that is lower than the melting point of the front
end coil 820 and that is higher than the melting point of
the rear end coil 830. By this, the melting of the front end
coil 820 is suppressed, whereas the rear end coil 830 is
melted. Therefore, at least part of the rear end portion
828 of the front end coil 820 is embedded in the front end
portion 832 of the rear end coil 830 that has been melted
and solidified while being surrounded by the front end
portion 832 of the rear end coil 830. In the welding step,
it is desirable that the thickness of the alloy section be
10 wm or less by adjusting, for example, the output of
the welding device and the welding time.

[0036] Fig. 7 illustrates a state in which the front end
coil 820 and the rear end coil 830 are welded to each
other. Fig. 7 illustrates the connection portion 840 where
the front end coil 820 and the rear end coil 830 are con-
nected formed in the welding step. In the embodiment,
a rear end 829 (see Fig. 6) of the front end coil 820 is
embedded in the front end portion 832 including a front
end 831 (see Fig. 6) of the rear end coil 830 that has
been melted and solidified while being surrounded by the
front end portion 832. Therefore, the rear end 829 of the
front end coil 820 and the front end 831 of the rear end
coil 830, which are shown in Fig. 6, do not appear in Fig.
7. As shown in Fig. 7, the length of one turn of the front
end coil 820 from the connection portion 840 as a starting
point along the axial direction OD is greater than the av-
erage pitch of the front end coil 820.

[0037] When the welding step ends, the rear end coil
830 and the center shaft 200 are welded to each other
(Step S15). More specifically, the rear end portion 839
of the rear end coil 830 connected to the front end coil
820 and the front end portion 210 of the center shaft 200
are welded to each other.

[0038] Next, the front end coil 820 and the sheath tube
810 are welded to each other (Step S20). In this step, a
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sheath tube material having an open front end portion
and formed such that its diameter becomes gradually
smaller towards the opening is prepared. The front end
portion 822 of the front end coil 820 is inserted and dis-
posed in the front end portion (opening) of the sheath
tube material. Next, with the opening of the sheath tube
material being blocked by solidifying the front end portion
of the sheath tube material after melting the front end
portion by arc welding or the like from an outer side of
the front end portion, the front end portion 822 of the front
end coil 820 and the front end portion 813 of the sheath
tube 810 are welded to each other. By this, the front end
portion 822 of the front end coil 820 is surrounded by and
embedded in the front end portion 813 of the sheath tube
810.

[0039] When Step S20 is completed, next, the interior
ofthe sheath tube 810 is filled with the insulator 870 (Step
S30). By accommodating the center shaft 200, the front
end coil 820, and the rear end coil 830 in the sheath tube
810,agap inthe sheath tube 810isfilled with the insulator
870, so that the assembly of the sheath heater 800 is
completed.

[0040] When the sheath heater 800 has been assem-
bled, swaging is performed on the sheath heater 800
(Step S40). Swaging is a process in which a striking force
is applied to the sheath heater 800 to reduce the diameter
of the sheath heater 800, and densifying the insulator
870 with which the interior of the sheath tube 810 has
been filled. When the striking force is applied to the
sheath heater 800 by the swaging, the striking force is
transmitted to the interior of the sheath heater 800, so
that the insulator 870 is densified.

[0041] When the swaging has been performed on the
sheath heater 800, the sheath heater 800 and the entire
metal shell 500 are assembled, so that the glow plug 10
is assembled (Step S50), and is completed. More spe-
cifically, the sheath heater 800 with which the center shaft
200 has been integrated is press-fitted and fixed to the
axial hole 510 of the metal shell 500, and, at a rear end
portion of the metal shell 500, the O ring 460 and the
insulating member 410 are fitted to the center shaft 200,
and the engaging member 100 is fastened tightly to the
externally threaded portion 290 of the center shaft 200
at the rear end of the metal shell 500. In Step S50, aging
is performed on the glow plug 10. More specifically, by
transmitting electricity to the assembled glow plug 10,
the sheath heater 800 is heated to form an oxide film on
an external surface of the sheath heater 800. The pro-
ducing method (Step S15 to Step S50) shown in Fig. 5
is merely an example. Therefore, the glow plug 10 may
be produced by various other methods that differ from
the producing method described above. For example,
the order of Step S10 and Step S15 is changeable.
[0042] According to the method of producing the glow
plug 10 of the embodiment described above, by melting
the rear end coil 830, it is possible to embed at least part
of the rear end portion 828 of the front end coil 820 in the
front end portion 832 of the rear end coil 830 while being
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surrounded by the front end portion 832 of the rear end
coil 830. Therefore, it is possible to connect the front end
coil 820 and the rear end coil 830 to each other without
melting the front end coil 820 by a large amount, so that
it is possible to suppress embrittlement caused by re-
crystallization of tungsten (W) or molybdenum (Mo), each
being a main component of the front end coil 820, and,
thus, to suppress breakage of the connection portion 840
where the front end coil 820 and the rear end coil 830
are connected. In addition, since the output of the welding
device need not be increased up to the output at which
the front end coil 820 whose main componentis tungsten
(W) or molybdenum (Mo) having a high melting point is
melted, it is possible to reduce a load that is applied to
the welding device.

[0043] Further, since, in the welding step, the welding
is performed by performing laser welding, it is possible
to melt a desired portion of the rear end coil 830 and
connect the front end coil 820 and the rear end coil 830
to each other.

[0044] Since the wire diameter of the rear end coil 830
is greater than the wire diameter of the front end coil 820,
it is possible to easily surround the rear end portion 828
of the front end coil 820 by the front end portion 832 of
the rear end coil 830 compared to a case in which the
wire diameter of the rear end coil 830 and the wire diam-
eter of the front end coil 820 are the same and a case in
which the wire diameter of the rear end coil 830 is less
than the wire diameter of the front end coil 820. In addi-
tion, it is possible to more firmly surround the rear end
portion 828 of the front end coil 820 by the front end
portion 832 of the rear end coil 830.

Second Embodiment

[0045] A structure of a glow plug according to a second
embodiment is similar to that of the glow plug 10 accord-
ing to the above-described first embodiment, andis, thus,
not described.

[0046] Fig. 8 is an explanatory view of a welding step
according to the second embodiment. In producing the
glow plug according to the second embodiment, first, the
welding step in which a front end coil 820a and a rear
end coil 830a are welded to each other is performed (see
Step S10 Fig. 5). Even in the welding step according to
the second embodiment, as in the first embodiment, by
melting the rear end coil 830a, at least part of a rear end
portion 828a of the front end coil 820a is embedded in a
front end portion 832a of the rear end coil 830a while
being surrounded by the front end portion 832a of the
rear end coil 830a. More specifically, the front end coil
820a and the rear end coil 830a are disposed such that
the rear end portion 828a of the front end coil 820a and
the front end portion 832a of the rear end coil 830a are
close to each other. Next, as shown in Fig. 8, the rear
end portion 828a of the rear end coil 830a is irradiated
with laser light LZ. By this, the front end portion 832a of
the melted rear end coil 830a surrounds part of the rear
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end portion 828a of the front end coil 820a, and the front
end coil 820a and the rear end coil 830a are welded to
each other. Since the other steps of the method of pro-
ducing the glow plug according to the second embodi-
ment are the same as those of the method of producing
the glow plug 10 according the above-described first em-
bodiment, they are not described below.

[0047] According to the method of producing the glow
plug according to the second embodiment having the
above-described structure, by melting the rear end coill
83043, it is possible to embed at least part of the rear end
portion 828a of the front end coil 820a in the front end
portion 832a of the rear end coil 830a while being sur-
rounded by the front end portion 832a of the rear end coil
830a. Therefore, the same advantages as those provided
by the producing method according to the above-de-
scribed first embodiment are provided.

[0048] Further, in the second embodiment, since the
front end portion 832a of the rear end coil 830a is irradi-
ated with the laser light LZ, it is possible to suppress the
melting of the front end coil 820a. Therefore, itis possible
to effectively suppress embrittlement caused by recrys-
tallization of tungsten (W) or molybdenum (Mo), each
being a main component of the front end coil 820a.

Modifications
First Modification

[0049] In the above-described first embodiment, the
rear end 829 of the front end coil 820 is embedded in the
front end portion 832 including the front end 831 of the
rear end coil 830 that has been melted and solidified while
being surrounded by the front end portion 832 (see Fig.
7). However, at least one of the rear end 829 of the front
end coil 820 and the front end 831 of the rear end caoill
830 may protrude from the connection portion 840.
[0050] Fig. 9illustrates the vicinity of a connection por-
tion 840b according to a modification. A rear end 829b
of a front end coil 820b protrudes from the connection
portion 840b shown in Fig. 9. Even if the front end coil
820b and a rear end coil 830b are connected in this way,
as along as at least part of a rear end portion 828b of the
front end coil 820b is embedded in a front end portion
832b of the rear end coil 830b while being surrounded
by the front end portion 832b of the rear end coil 830b,
the advantages that are the same as those provided by
the above-described embodiments are provided.

Second Modification

[0051] Although, in the above-described different em-
bodiments, the thickness D of the alloy section 860 is 10
wm or less, the thickness D of the alloy section 860 may
be greater than 10 pm.
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Third Modification

[0052] Inthe above-described different embodiments,
the wire diameters of the rear end coils 830 and 830a
are greater than the wire diameters of the front end coils
820 and 820a. However, the wire diameters of the rear
end coils 830 and 830a may be the same as or less than
the wire diameters of the front end coils 820 and 820a.

Fourth Modification

[0053] In the above-described first embodiment, the
length L of one turn of the front end coil 820 from the
connection portion 840 as a starting point along the axial
direction OD is greater than the average pitch of the front
end coil 820. However, the length L may be the same as
or less than the average pitch of the front end coil 820.

Fifth Modification

[0054] Inthe above-described first embodiment, in the
welding step, the front end coil 820 and the rear end coil
830 are welded to each other by using the laser light LZ.
However, in the welding step, the front end coil 820 and
the rear end coil 830 may be welded to each other by
other welding methods, such as arc welding.

Sixth Modification

[0055] In the above-described different embodiments
and the first modification, the glow plug 10 includes the
front end coil 820, the front end coil 820a, or the front
end coil 820b, and the rear end coil 830, the rear end coil
830a, or the rear end coil 830b. However, the rear end
coils 830, 830a, and 830b of the respective glow plugs
10 may be formed by connecting a plurality of coils.

Seventh Modification

[0056] In the above-described first embodiment, the
glow plug controller 21 includes the glow plug 10, the
controlling unit 32, and the switch 33. However, the glow
plug controller 21 may include the glow plug 10 and the
controlling unit 32.

[0057] The present invention is not limited to the
above-described embodiments and modifications, so
that various structures can be realized within a scope
that does not depart from the gist of the presentinvention.
For example, any of the technical features in the embod-
iments and modifications corresponding to the technical
features in the aspects and forms described in the "Sum-
mary of Invention" section may be replaced with another
or may be combined with another as appropriate for solv-
ing some or all of the aforementioned problems or for
realizing some or all of the aforementioned advantages.
If the technical features thereof are not described as be-
ing essential in the specification, they may be omitted as
appropriate.
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Claims

1.

A method of producing a glow plug (10) including a
sheath tube (810) that extends in an axial direction
(OD) and whose front end is closed, a front end caoil
(820, 820a, 820b) that is disposed in the sheath tube
(810) and that is connected to a front end portion
(813) of the sheath tube (810), and a rear end caoill
(830, 830a, 830b) that is disposed in the sheath tube
(810) and that is connected to a rear end portion
(828, 828a, 828b) of the front end coil (820, 820a,
820b), the method comprising:

a welding step (S10) of, by melting a front end
portion (832, 832a, 832b) of the rear end coil
(830, 830a, 830b), welding the rear end portion
(828, 828a, 828b) of the front end coil (820,
820a, 820b) and the front end portion (832,
832a, 832b) of the rear end coil (830, 830a,
830b) such that at least part of the rear end por-
tion (828, 828a, 828b) of the front end coil (820,
820a, 820b) is embedded in the front end portion
(832, 832a, 832b) of the rear end coil (830, 8303,
830b) while being surrounded by the front end
portion (832, 832a, 832b) of the rear end coil
(830, 830a, 830b),

wherein a main component of the front end coil
(820, 820a, 820b) is tungsten (W) or molybde-
num (Mo), and

wherein a melting point of the rear end coil (830,
830a, 830b) is lower than a melting point of the
front end coil (820).

The method according to Claim 1, wherein, in the
welding step (S10), the welding is performed by laser
welding.

The method according to Claim 2, wherein the laser
welding is performed by irradiating the front end por-
tion (832a) of the rear end coil (830a) with laser light
(LZ).

A glow plug (10) comprising:

a sheath tube (810) that extends in an axial di-
rection (OD) and whose front end is closed;

a front end coil (820, 820a, 820b) that is dis-
posed in the sheath tube (810) and that is con-
nected to a front end portion (813) of the sheath
tube (810); and

arearendcoil (830, 830a, 830b) that is disposed
in the sheath tube (810) and that is connected
to a rear end portion (828, 828a, 828b) of the
front end coil (820, 820a, 820b),

wherein the glow plug (10) further comprises a con-
nection portion (840) in which at least part of the rear
end portion (828, 828a, 828b) of the front end coil
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(820, 820a, 820b) is embedded in a front end portion
(832, 832a, 832b) of the rear end coil (830, 830a,
830b) while being surrounded by the front end por-
tion (832, 832a, 832b) of the rear end coil (830, 830a,
830b),

wherein a main component of the front end coil (820,
820a, 820b) is tungsten (W) or molybdenum (Mo),
and

wherein a melting point of the rear end coil (830,
830a, 830b) is lower than a melting point of the front
end coil (820).

The glow plug (10) according to Claim 4, wherein a
thickness of an alloy section (860) that is disposed
between the rear end portion (828, 828a, 828b) of
the front end coil (820, 820a, 820b) and the front end
portion (832, 832a, 832b) of the rear end coil (830,
830a, 830b) at the connection portion (840, 840b)
and that is made of an alloy of a metal making up
the front end coil (820, 820a, 820b) and a metal mak-
ing up the rear end coil (830, 830a, 830b) is 10 um
orless.

The glow plug (10) according to either Claim 4 or
Claim 5, wherein a wire diameter of the rear end coil
(830, 830a, 830b) is greater than a wire diameter of
the front end coil (820, 820a, 820b).

The glow plug (10) according to any one of Claims
4 to 6, wherein a length (L) of one turn of the front
end coil (820) from the connection portion (840) as
a starting pointalong the axial direction (OD) is great-
er than an average pitch of the front end coil (820).



EP 3 163 170 A1

FIG. 1

32

33
CONTROLLING
SW UNIT

GLOW PLUG ~—10

vz zza

10



EP 3163 170 A1

FIG. 2

\ 10
D -0
200 ~—E= /

100

300
410

460 520

540

T ==

510 — 500

600—_

1"



819\§l

210 4

EP 3 163 170 A1

810 ——F

870

840

814 —¢

3\

812 —

813 811

12

800

FIG. 3
\/ _____ .0
—L
[ {4—st0
|60
%
| fwwo oD
N | M
] | >/ 1
| W
| ’é
Y
| —— 200
=839 J
- 830
1 832
1828 '_______'_'_'_______'_'___iﬂ_
AT
SV 1 LS PN A
% L~"822 -



EP 3 163 170 A1
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FIG. 5
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