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(54) Ceramic heater device and method for manufacturing the device

(57) A ceramic heater 2 is arranged in a metallic cyl-
inder member 3 by forming a convergent taper portion
2t at the leading end 2a of the ceramic heater 2 and by
positioning the leading end 3a of the metallic cylinder
member 3 on the leading end side of a taper starting
point P1 of the taper portion 2t. Solder is applied in the
clearance between the inner circumference 3d of the
metallic cylinder member 3 and the outer circumference
2b of the heater 2. A solder layer 10 applied is made to
exist on the leading end side of the taper starting point
P1 of the taper portion 2t, too. The thick solder layer 10
existing on the leading end side performs the action of
preventing a cut or broken off portion of the ceramic
heater from separating or sliding out.
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Description

[0001] The present invention relates to a ceramic
heater device and, more particularly, but not exclusively,
to either a glow plug to be used for promoting the start
of a diesel engine or a ceramic heater device to be used
as a heater for igniting a petroleum fan heater.
[0002] Fig. 10 of the accompanying drawings shows
a ceramic glow plug 101 for the diesel engine as one
example of the ceramic heater device of this kind. A rod
(or column) shaped ceramic heater 2 is so fixed on the
inner side (or in a column-shaped hole) of a metallic cyl-
inder member 3 that the heater leading end 2a may pro-
trude from the leading end 3a of the metallic cylinder
member (as will also be called simply as the "cylinder
member") 3. These two members are so retained (or
fixed) in a metallic body (as will also be called simply as
the "body") 4 having a cylindrical shape as to protrude
from the leading end 4a of the body. For this assembly,
for example, the ceramic heater 2 is fixed gas-tight in
the cylinder member 3 by fitting the ceramic heater 2
loosely in the cylinder member 3, by pouring a (not-
shown) molten solder into the clearance, and by fasten-
ing the ceramic heater 2 by using the thermal expansion
or cooling shrinkage of the cylinder member 3 by the
poured solder layer 10. The assembly is completed by
likewise fitting the cylinder member 3 integrated with the
ceramic heater 2 loosely in the body 4 and by pouring
the molten solder 10 into the clearance.
[0003] Here, the ceramic heater 2 is prepared by bur-
ying a (not-shown) heating member made of conductive
ceramics and of a ceramic heating element or a high-
melting point metal wire folded back (into a shape of let-
ter "U"), in its portion close to the heater leading end 2a.
At the two end portions of the U-shape of the heating
member (or at the end portions of the two legs), more-
over, terminals are disposed on the side faces of the ce-
ramic heater 2 close to the rear end 2c through relay
wires, and power feeding leads 15 and 16 are soldered
to those terminals. The heater device thus constructed
is enabled to generate a resistive heat to heat the ce-
ramic heater 2 by feeding an electric current thereto
through the power feeding leads 15 and 16.
[0004] In the structure of the prior device thus far de-
scribed, the ceramic heater 2 fixed in the cylinder mem-
ber 3 with the solder layer is subject to various external
forces (e.g., an impact due to a fall or a bending force
when it is mounted on the engine) in the subsequent
manufacture process or handling till the glow plug 101
is assembled. Therefore, the ceramic heater 2 may be
cut (or broken) in the metallic cylinder member 3 along
a thick line portion S, as shown in Fig. 10. However, this
cut occurs in the metallic cylinder member 3 so that it
cannot be visually confirmed from the outside. As a re-
sult, the structure may be assembled as it is in an engine
(i.e., in a cylinder or an auxiliary combustion chamber)
E.
[0005] During the combustion of the engine, on the

other hand, the ceramic heater 2 is always exposed to
a serious temperature change (or a thermal shock) and
a blast. When the engine is run, therefore, the metallic
cylinder member 3 and the ceramic heater 2 are caused
to relax (or become loose) there-between by the differ-
ence in the thermal expansion due to the temperature
rise and/or due to vibration. If the relaxation occurs in
the metallic cylinder member 3 having an inner circum-
ference 3d of a constant internal diameter and a straight
shape, on the other hand, the ceramic heater 2 is divided
at the cut portion on the side of the leading end 2a, as
shown in Fig. 11, to raise a problem that the cut portion
may be separated and drop into the combustion cham-
ber of the engine E.
[0006] Specifically, the soldered portions of the me-
tallic cylinder member 3 and the body 4 are high and
stable in their joint strength because the two members
are made of metals. Although the joint strength between
the inner circumference 3d of the metallic cylinder mem-
ber 3 and the solder layer 10 is high, on the other hand,
the joint strength between the outer circumference 2b
of the ceramic heater 2 and the solder layer 10 is rela-
tively lower because they are just shrunken. Moreover,
the ceramics and the solder are highly different in their
coefficients of thermal expansion. Therefore, a relaxa-
tion (or looseness) easily occurs in the interface be-
tween the outer circumference 2b of the ceramic heater
2 and the solder layer 10. Especially in the case that the
metallic cylinder member 3 is cut near the leading end
3a, its force for holding the cut portion of the ceramic
heater 2 is so weak as to invite the separation or slide-
out of the cut portion.
[0007] In another ceramic heater device, the ceramic
heater is not fixed with the solder layer but is held by
press-fitting it in the metallic cylinder member 3. In the
case in which the ceramic heater has the aforemen-
tioned cut even if press-fitted, however, there arises a
problem that the cut portion separates or slides out, as
in the ceramic heater device using the solder layer. In-
dependently of the solder layer structure or the press-fit
structure, moreover, the cut of the ceramic heater may
occur after it has been assembled in the engine, and a
similar problem arises.
[0008] The present invention has been conceived in
view of the aforementioned problems in the ceramic
heater device such as the glow plug of the prior art, and
has as an object to prevent the cut portion of the ceramic
heater from separating and sliding out from the structure
in which the ceramic heater is fixed in the metallic cyl-
inder member by soldering or press-fitting it therein.
[0009] Accordingly, the invention provides a ceramic
heater device having a structure in which an axial ce-
ramic heater is arranged in a metallic cylinder member
so that its leading end protrudes from the leading end
of said metallic cylinder member, wherein:

a convergent taper portion is formed at the leading
end of said ceramic heater;
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the leading end of said metallic cylinder member is
disposed on the leading end side of the taper start-
ing point of said taper portion;
said metallic cylinder member and said ceramic
heater are fixed to each other with a solder layer
interposed between their inner circumference and
outer circumference respectively; and
at least a portion of said solder layer is also dis-
posed on the leading end side of the taper starting
point of said taper portion.

[0010] By the aforementioned means, the solder layer
is caused to exist on the leading end side from the taper
starting point of the taper portion. This solder layer acts
to engage with the taper portion thereby to prevent the
ceramic heater from sliding out to the leading end side
with respect to the metallic cylinder member even if the
ceramic heater is relaxed in the metallic cylinder mem-
ber. Even if the ceramic heater is cut on the rear end
side of the taper starting point of the taper portion, for
example, so that the relaxation occurs in the interface
between the outer circumference on the leading end
side from the cut portion and the solder layer, more spe-
cifically, the solder layer existing on the leading end side
from the taper starting point of the taper portion is thick
on the surface of the taper portion. This thick portion
engages with the taper portion to perform the slide-out
preventing action thereby to prevent the cut leading end
portion of the ceramic heater from sliding out from the
metallic cylinder member. Thus in the case in which the
present invention is embodied as the glow plug, the cut
portion of the ceramic heater 2 is prevented from drop-
ping into the auxiliary combustion chamber of the en-
gine, even if the relaxation occurs between the ceramic
heater and the metallic cylinder member when the ce-
ramic heater is assembled in the engine and run while
having a cut in the metallic cylinder member. Preferably,
the cone angle of the taper portion is properly set in the
range of from about 10 minutes to 5 degrees.
[0011] According to a further aspect of the invention
a ceramic heater device is provided having a structure
in which an axial ceramic heater is arranged in a metallic
cylinder member so that its leading end protrudes from
the leading end of said metallic cylinder member and in
which said metallic cylinder member and said ceramic
heater are fixed to each other with a solder layer inter-
posed between their inner circumference and outer cir-
cumference respectively, wherein:

in said ceramic heater, a diametrically smaller por-
tion having a smaller diameter than that of the re-
maining portion in said metallic cylinder member is
formed at a portion located in said metallic cylinder
member and corresponding to the portion proxi-
mate to the leading end of said metallic cylinder
member; and
a solder layer is disposed at said diametrically
smaller portion for preventing sliding out of at least

a portion of said ceramic heater toward the leading
end with respect to said metallic cylinder member.

[0012] Said diametrically smaller portion may be ei-
ther a straight portion formed straight toward the leading
end, or a taper portion having a convergent taper shape.
Here, the diametrically smaller portion in the present in-
vention includes a constriction or a circumferential
groove formed on the axis. The solder layer enters into
the diametrically smaller portion to perform the slide-out
preventing action at the time when the ceramic heater
is liable to slide out to the leading end side from the me-
tallic cylinder member.
[0013] Here, in any of the aforementioned means, the
solder layer for the slide-out preventing action is con-
structed by the difference between the maximum and
minimum external diameters of the ceramic heater at the
portion proximate to the leading end of the metallic cyl-
inder member, and this difference may be within a range
of 10 microns to 300 microns. The slide-out preventing
action is insufficient, if the difference is smaller than 10
microns. If the difference exceeds 300 microns, on the
other hand, the molten solder is unable to spread over
(or to bridge) the clearance between the inner circum-
ference of the metallic cylinder member and the outer
circumference of the ceramic heater by the capillary
phenomenon, thereby to cause a danger that the fixa-
tion with the solder layer fails.
[0014] According to a further aspect of the invention
a ceramic heater device is provided having a structure
in which an axial ceramic heater is arranged in a metallic
cylinder member so that its leading end protrudes from
the leading end of said metallic cylinder member and in
which said metallic cylinder member and said ceramic
heater are fixed to each other with a solder layer inter-
posed between their inner circumference and outer cir-
cumference respectively, wherein:

at least one recess is formed in the outer circumfer-
ence of said ceramic heater at a portion located in
said metallic cylinder member and corresponding
to the portion proximate to the leading end of said
metallic cylinder member, wherein a solder layer is
disposed in said at least one recess for preventing
sliding out of at least a portion of said ceramic heat-
er toward the leading end with respect to said me-
tallic cylinder member.

[0015] According to a further aspect of the invention
a ceramic heater device is provided having a structure
in which an axial ceramic heater is arranged in a metallic
cylinder member so that its leading end protrudes from
the leading end of said metallic cylinder member, where-
in:

a convergent taper portion is formed at the leading
end of said ceramic heater;
said ceramic heater is so press-fitted in said metallic

3 4



EP 1 239 222 A2

4

5

10

15

20

25

30

35

40

45

50

55

cylinder member that the taper starting point of said
taper portion is positioned at a portion proximate to
the leading end of said metallic cylinder member;
and
the leading end of said metallic cylinder member
converges at said taper portion.

[0016] With this construction, the rod-shaped ceramic
heater can be so arranged without being fixed with the
solder layer that the heater leading end may protrude
from the leading end of said metallic cylinder member.
In addition, the leading end of the metallic cylinder mem-
ber converges at the taper portion so that it engages
with the taper portion to perform the slide-out preventing
action. Therefore, the leading end of the ceramic heater
is prevented, even if cut, from sliding out from the me-
tallic cylinder member, as described hereinbefore. With
this structure, moreover, the ceramic heater device hav-
ing the slide-out preventing action can be easily formed
by press-fitting the ceramic heater with a suitable press-
fit allowance into a predetermined depth of the metallic
cylinder member.
[0017] According to a further aspect of the invention
there is provided a method for manufacturing a ceramic
heater device having a structure in which an axial ce-
ramic heater is arranged in a metallic cylinder member
so that its leading end protrudes from the leading end
of said metallic cylinder member, comprising the steps
of:

forming a convergent taper portion at the leading
end of said ceramic heater; and
press-fitting said ceramic heater into said metallic
cylinder member, starting with the leading end of the
ceramic heater, to such a position that the taper
starting point of said taper portion does not go be-
yond the leading end of said metallic cylinder mem-
ber.

[0018] A further aspect of the invention provides a ce-
ramic heater device comprising:

an axial ceramic heater arranged in a metallic cyl-
inder member so that its leading end protrudes from
the leading end of said metallic cylinder member;
a diametrically smaller portion formed in said ce-
ramic heater, wherein at least a portion of said dia-
metrically smaller portion is located within said me-
tallic cylinder member proximate to the leading end
of said metallic cylinder member; and
engaging means for engaging said metallic cylinder
member with said diametrically smaller portion for
preventing at least a portion of said ceramic heater
from sliding out of said metallic cylindrical member
toward the leading end of said metallic cylindrical
member.

[0019] Preferably, said engaging means comprises a

solder layer disposed on the inner circumference of said
metallic cylinder member, at least a potion of said solder
layer projecting into said at least a portion of said dia-
metrically smaller portion within the metallic cylindrical
member.
[0020] Preferably, said diametrically smaller portion
comprises one of:

a convergent taper portion formed at the leading
end of said ceramic heater;
a step reduction in diameter relative to the remain-
der of the ceramic heater within the metallic cylin-
drical member followed either by a straight sided
portion of smaller diameter or by a convergent taper
portion;
a groove formed in the outer circumference of the
ceramic heater; and
a least one recess formed in the outer circumfer-
ence of the ceramic heater.

[0021] Optionally, said diametrically smaller portion
comprises a convergent taper portion formed at the
leading end of said ceramic heater, which is so press-
fitted in said metallic cylinder member that the taper
starting point of said taper portion is positioned at a por-
tion proximate to the leading end of said metallic cylinder
member, and wherein said engaging means comprises
the leading end of said metallic cylinder member which
converges at said taper portion.
[0022] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings in which:-

Fig. 1 is a sectional view of a specific portion of an
embodiment of a ceramic heater device (or glow
plug) according to the present invention, and an en-
larged sectional view of a specific portion;
Fig. 2 is an enlarged view of the glow plug of Fig. 1
taken from the side of the leading end face;
Fig. 3 shows sectional views for explaining the
steps of inserting the ceramic heater making the
glow plug of Fig. 1 into a metallic cylinder member
and soldering it: A presents a sectional view in the
set state before soldering; and B presents a sec-
tional view after being soldered;
Fig. 4 is a sectional view of a specific portion of an
embodiment of a ceramic heater device (or glow
plug) according to the present invention, and an en-
larged sectional view of a specific portion;
Fig. 5 is a sectional view of a specific portion of an
embodiment of a ceramic heater device (or glow
plug) according to the present invention, and an en-
larged sectional view of a specific portion;
Fig. 6 is a sectional view of a specific portion of an
embodiment of a ceramic heater device (or glow
plug) according to the present invention, and an en-
larged sectional view of a specific portion;
Fig. 7 is a sectional view along line A - A of Fig. 6;

5 6



EP 1 239 222 A2

5

5

10

15

20

25

30

35

40

45

50

55

Fig. 8 is a sectional view of a specific portion of an
embodiment of a ceramic heater device (or glow
plug) according to the present invention, and an en-
larged sectional view of a specific portion;
Fig. 9 shows sectional views for explaining the
steps of assembling the ceramic heater making the
glow plug of Fig. 8 by press-fitting it into a metallic
cylinder member: A presenting a sectional view be-
fore press-fitted; and B presenting a sectional view
in the interference-fitted state after press-fitted;
Fig. 10 is a sectional view of a specific portion of the
glow plug of the prior art;
Fig. 11 is an explanatory diagram of the state in
which the heater leading end is cut and separated
in Fig. 10.

[0023] Reference numerals are used to identify items
shown in the drawings as follows:

1, 21, 31, 41, 61 ... glow plug (ceramic heater de-
vice)
2, 22, 32, 42 ... ceramic heater
2a ... leading end of ceramic heater
2b ... outer circumference of ceramic heater
2t ... taper portion
2s, 22s, 32s ... diametrically smaller portion
(straight portion)
3 ... metallic cylinder member
3a ... leading end of metallic cylinder member
3d ... inner circumference of metallic cylinder mem-
ber
10 ... solder layer (silver solder)
42s ... recesses in outer circumference of ceramic
heater
P1 ... taper starting point of taper portion
D1 ... external diameter of column portion of ceram-
ic heater
D2 ... external diameter of diametrically smaller por-
tion of ceramic heater

[0024] A first embodiment of the present invention will
be described in detail with reference to Fig. 1 to Fig. 4.
Fig. 1 shows a section of a specific portion of a glow
plug 1 for a Diesel engine as the ceramic heater device.
This glow plug 1 is constructed of: a ceramic heater 2
having a convergent round rod shape (or a circularly
sectional shaft shape); a metallic cylinder member 3 ar-
ranging the ceramic heater 2 by fitting therein and by
fixing it with a solder material layer; and a body 4 for
holding the metallic cylinder member 3 having the heat-
er 2 integrated therewith. The ceramic heater 2 is pro-
truded at a portion closer to its leading end 2a (as locat-
ed at the lower end of Fig. 1) and loosely fitted in the
metallic cylinder member 3 and is fixed with a silver sol-
der 10. Then, the metallic cylinder member 3 is assem-
bled with the body such that it is loosely fitted at a portion
close to its rear end 3c in a diametrically reduced portion
5, in which the inner circumference 4d close to the lead-

ing end 4a of the body 4 is slightly diametrically reduced,
and is fixed with the silver solder 10. Here, reference
numerals 15 and 16 in Fig. 1 designate power feeding
leads which are connected with the terminals led out to
the side face close to the rear end 2c of the ceramic
heater 2. Moreover, the glow plug is constructed to gen-
erate a heat at the heater leading end when fed with an
electric current through the power feeding leads 15 and
16. This fundamental construction is identical to that of
the glow plug of the prior art.
[0025] On the other hand, the ceramic heater 2 con-
structing the glow plug 1 of the present embodiment is
constructed of: a column portion 6 having a straight cir-
cular section of an equal diameter; and a convergent
taper portion 2t having a frustoconical shape from the
end portion (as located at the lower end portion of Fig.
1) of the column portion 6 and tapered to the leading
end. In this embodiment, moreover, this ceramic heater
2 is constructed such that the column shape of a diam-
eter of 3.5 mm and a length of 45 mm converges into
the taper portion 2t within a range of 12 mm from the
leading end to the rear end side of the column shape.
However, the cone angle 0 of the taper portion 2t is ex-
emplified by 1 degree and 30 minutes, and the leading
end 2a is formed into a hemispherical shape. Here, this
ceramic heater 2 is formed by burying and sintering a
resistive heating element (or wire) made of conductive
ceramics or a high-melting point metal, although not
shown, in a ceramic substrate made of a ceramic insu-
lator such as silicon nitride.
[0026] Moreover, this ceramic heater 2 is inserted and
loosely fitted in the cylinder member (having a length of
20 mm) 3 made of a metal (e.g., SUS430) and a straight
cylindrical shape of a constant thickness, and is sol-
dered with silver solder by positioning the leading end
3a of the metallic cylinder member 3 with a size L1 to
the leading end from a taper starting point P1 of the taper
portion 2t. Thus, the ceramic heater is protruded at a
portion close to its leading end 2a by a predetermined
length (i.e., 10 mm in the present embodiment). The sol-
der layer 10 also exists on the outer circumference of
the column portion 6 and on the outer circumference on
the leading end side of the taper starting point P1 of the
taper portion 2t, and is made thicker on the leading end
side of the taper starting point P1. Here in the present
embodiment, the cylinder member 3 has an internal di-
ameter of 3.6 mm and a thickness of 0.7 mm.
[0027] Thus, in the present embodiment, the solder
layer 10 has a substantially constant thickness T1 of 50
microns on the outer circumference of the straight col-
umn portion 6 on the rear end side from the taper starting
point P1 of the taper portion 2t of the ceramic heater 2.
On the circumference of the taper portion 2t, however,
the thickness becomes the larger to correspond to the
convergent taper as its goes the farther to the leading
end side, and takes the maximum at the leading end 3a
of the metallic cylinder member 3. The maximum thick-
ness T2 is about 80 microns in the present embodiment.
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As shown in Fig. 1 more specifically, because the taper
portion 2t exhibits a conical shape, the solder layer 10
increases in thickness towards the leading end 3a, the
movement of the ceramic heater 2 toward the leading
end 3a is prevented.
[0028] Therefore, in the case that the ceramic heater
2 is cut along a line S in Fig. 1, for example, and mounted
as it is in an auxiliary combustion chamber E of the Die-
sel engine, and this engine is run, what will be caused
is as follows. In the present embodiment, more specifi-
cally, even if the solder layer 10 and the outer circum-
ference of the ceramic heater 2 are separated at their
interface by a thermal shock or blast accompanying the
run of the engine so that the side of the leading end 2a
of the ceramic heater 2 slides out to the leading end side
with respect to the metallic cylinder member 3, its slide-
out is prevented by the solder layer 10 of the wedge-
shaped section existing at the taper portion 2t. Even if
the leading end portion of the ceramic heater 2 is thus
cut to become loose with the solder layer 10, therefore,
the leading end side of the cut portion does not drop into
the auxiliary combustion chamber E unlike the prior art.
Moreover, a similar effect can be expected even if that
cut occurs after the ceramic heater was assembled in
the engine. Thus in the present embodiment, the solder
layer 10 fixed on the taper portion 2t acts to prevent the
ceramic heater from sliding out to the leading end side
so that it can have effects to prevent the leading end
portion of the ceramic heater 2 from separating or falling.
[0029] In the present embodiment, the slide-out pre-
venting action is the better, as the cone angle θ of the
taper portion 2t is the larger and as the solder layer 10
existing at the taper portion 2t has the larger size in the
direction of the axis G. At the larger cone angle θ and in
the larger size of the solder layer 10 in the direction of
the axis G, however, the clearance between the outer
circumference 2b of the taper portion 2t of the ceramic
heater 2 before soldered and the inner circumference
3d of the metallic cylinder member 3 becomes the larger
on the leading end side. Therefore, there arise a danger
in which the wetting spread of the molten solder due to
the capillary phenomenon at the time of pouring the mol-
ten solder is blocked so that the solder fails to spread
sufficiently to the leading end side from the taper starting
point P1 of the taper portion 2t. At the smaller cone angle
θ, on the other hand, the slide-out preventing action be-
comes the worse. The cone angle θ is preferably set
within a range of 10 minutes to 5 degrees, depending
upon the distance L1 from the taper starting point P1 of
the taper portion 2t to the leading end face 3a of the
metallic cylinder member 3. In case the sufficient slide-
out preventing action cannot be expected, the soldering
work may be done after the portion close to the leading
end 3a of the metallic cylinder member 3 was caulked
by constricting or drawing it.
[0030] With reference to Fig. 3, there will be described
a method of soldering the ceramic heater 2 in the
present embodiment to the metallic cylinder member 3.

Here, the support jigs of the two to be used in the sol-
dering work are omitted from Fig. 3. As shown in Fig.
3A, the ceramic heater 2 is inserted and loosely fitted in
the cylinder member 3 and is held with its leading end
2a being protruded to a predetermined distance. Spe-
cifically, the leading end 3a of the metallic cylinder mem-
ber 3 is positioned with the size L1 being on the leading
end side from the taper starting point P1 of the taper
portion 2t. In this state, the molten solder (of silver) is
then poured into the clearance. Thus, the metallic cylin-
der member 3 and the ceramic heater 2 are fixed be-
tween their inner circumference 3d and the outer cir-
cumference 2b through the solder material inbetween,
as shown in Fig. 3B, and the solder layer 10 is present
not only on the outer circumference 2b of the column
portion 6 but also on the leading end side from the taper
starting point P1 of the taper portion 2t. Here, it is pref-
erable for improving the wettability of the molten solder
to apply molten glass to the circumference (or surface)
of the ceramic heater 2 and to bake it.
[0031] Next, a second embodiment of the present in-
vention will be described in detail with reference to Fig.
4. However, a glow plug 21 of the present embodiment
can be said a modification of the foregoing embodiment
and has no essential difference so that the description
will be made only on the different points by designating
the identical portions by the identical reference numer-
als.
[0032] In the foregoing embodiment, the leading end
of the ceramic heater 2 is formed into the convergent
taper shape. In the present embodiment, on the other
hand, a diametrically smaller portion 2s having a smaller
diameter D2 than that D1 of the remaining portion (i.e.,
the column portion) 6 is formed at that portion of the ce-
ramic heater 2, which is located in the metallic cylinder
member 3 and which corresponds to the portion close
to the leading end 3a of the metallic cylinder member 3.
Here, the diametrically smaller portion 2s has a circular
section, which is coaxial (or concentric) with the remain-
ing portion, i.e., the diametrically larger column portion
6 close to the rear end, and forms a straight portion to-
ward the leading end 2a. Here in the present embodi-
ment, the diametrically larger portion 6 has the diameter
D1 of 3.5 mm whereas the diametrically smaller portion
2s has the diameter D2 of 3.3 mm, and the metallic cyl-
inder member 3 is identical to the aforementioned one.
Therefore, the solder layer 10 has the thickness T1 of
about 50 microns on the outer circumference of the di-
ametrically larger portion 6 and the thickness of about
150 microns on the outer circumference of the diamet-
rically smaller portion 2s.
[0033] The present embodiment also has actions and
effects similar to those of the foregoing embodiment,
even if the fixed solder layer 10 and the outer circum-
ference of a ceramic heater 22 is relaxed at their inter-
face when the ceramic heater is cut along the line S.
Specifically, the solder layer 10 existing on the outer cir-
cumference of the diametrically smaller portion 2s and
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within a range of a length L1 along the axis G acts to
prevent the cut portion of the ceramic heater 22 from
sliding out to prevent the fall of the same.
[0034] In the present embodiment, a clearly different
diameter step portion is formed at a boundary point P2
between the diametrically larger portion 6 and the dia-
metrically smaller portion 2s so that the slide-out pre-
venting action is superior to that of the foregoing em-
bodiment. Here, the diametrically smaller portion 2s
should not be limited to a straight shape but may be ta-
pered into a convergent taper shape, as indicated by
double-dotted line N in Fig. 4. The cone angle of this
case is preferably fixed within a range of 10 minutes to
45 degrees. In any event, however, the diametrically
smaller portion 2s is preferably coaxial (or concentric)
with the diametrically larger portion. Moreover, the dia-
metrically smaller portion 2s invites, if excessively thin,
an insufficient charge of the solder material. Therefore,
the thickness of the diametrically smaller portion 2s and
the size L1 of the solder layer acting as the slide-out
preventing action may be set within a range for the prop-
er slide-out preventing action but without the insufficient
charge. In case this sufficient slide-out preventing action
cannot be expected, too, the portion close to the leading
end 3a of the metallic cylinder member 3 may be fixed
by the solder layer after it was caulked by constricting
or drawing it.
[0035] Next, another embodiment of the present in-
vention will be described with reference to Fig. 5. How-
ever, a glow plug 31 of the present embodiment can be
said a modification of the foregoing embodiment and
has no essential difference so that the description will
be made only on the different points by designating the
identical portions by the identical reference numerals.
[0036] In the foregoing embodiment, more specifical-
ly, the diametrically smaller portion 2s having a smaller
diameter than that of the remaining portion is formed at
that portion of the ceramic heater 22, which is located
in the metallic cylinder member and which corresponds
to the portion close to the leading end 3a of the metallic
cylinder member 3 is formed to have a circular section,
which is coaxial (or concentric) with the remaining por-
tion, i.e., the diametrically larger column portion 6 close
to the rear end, and to have a straight portion toward the
leading end. In the present embodiment, on the contra-
ry, a diametrically smaller portion 32s is formed to have
a circumferential groove or constriction towards the ax-
is.
[0037] Of the solder layer 10 fixing the outer circum-
ference of a ceramic heater 32 and the inner circumfer-
ence of the metallic cylinder member 3 through the sol-
der material, the solder existing in that diametrically
smaller portion (or the circumferential groove) 32s acts
to prevent the slide-out of the ceramic heater 32 like the
foregoing embodiment. The thickness of the diametri-
cally smaller portion 32s (or the depth of the circumfer-
ential groove) and the width of the diametrically smaller
portion (or the circumferential groove) may be set to siz-

es necessary for the solder layer having flow thereinto
to do the slide-off preventing action.
[0038] Next, a further embodiment of the present in-
vention will be described with reference to Figs. 6 and
7. However, a glow plug 41 of the present embodiment
can be said a modification of the foregoing embodiment
and has no essential difference so that the description
will be made only on the different points by designating
the identical portions by the identical reference numer-
als. In this embodiment, more specifically, the diametri-
cally smaller portion 32s having the circumferential
groove shape in the ceramic heater 32 of the foregoing
embodiment is replaced by four hemispherical recesses
42s, for example, which are formed at an equal angular
spacing on the axis G, as shown in Figs. 6 and 7.
[0039] In the present embodiment, of the solder layer
10 fixing the outer circumference of a ceramic heater 42
and the inner circumference of the metallic cylinder
member 3 through the solder material, the solder exist-
ing in those recesses acts to prevent the slide-out of the
ceramic heater.
[0040] Any of the foregoing embodiments is given the
structure in which the ceramic heater and the metallic
cylinder member 3 are integrated by fitting the ceramic
heater loosely in the metallic cylinder member 3 and by
pouring the molten solder into the clearance to fix the
cylinder member 3. The slide-out preventing action is
effecting by using a portion of the fixing solder layer. For
the assembly, therefore, there is needed a step of pour-
ing the molten solder. With reference to Figs. 8 and 9,
here will be described a different embodiment of the
present invention, which needs no fixing by the solder
material.
[0041] A glow plug 61 of the present embodiment is
essentially different from that of the first embodiment in
that it is constructed not by soldering the ceramic heater
and the metallic cylinder member but by press-fitting the
ceramic heater 2 in the metallic cylinder member 3.
However, there is no fundamental difference in other
points. Therefore, the description will be centered on the
different points and properly omitted by designating the
common portions by the identical reference numerals.
[0042] The present embodiment is constructed of: the
convergent rod-shaped ceramic heater 2; the metallic
cylinder member 3 arranging the ceramic heater 2 by
press-fitting it therein; and the body 4 for holding the ce-
ramic heater 2 through the metallic cylinder member 3
having the ceramic heater 2 integrated therewith. The
ceramic heater 2 is integrated by protruding the portion
close to its leading end 2a and press-fitting itself in the
metallic cylinder member 3. This metallic cylinder mem-
ber 3 integrated is fixed by fitting a portion close to its
rear end 3c loosely in the diametrically reduced portion
5, in which the inner circumference 4d of the body 4
close to the leading end 4a is slightly diametrically re-
duced, and by pouring the silver solder 10 into that clear-
ance.
[0043] The ceramic heater 2 constructing the glow
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plug 1 of the present embodiment is identical to that of
Fig. 1. Moreover, this ceramic heater 2 is press-fitted in
the straight cylinder member (having a length of 20 mm)
3 made of a metal (e.g., SUS430) and is protruded at a
portion close to its leading end 2a by a predetermined
length (i.e., 10 mm in the present embodiment). More-
over, the taper starting point P1 of the taper portion 2t
is arranged with the size L1 on the rear side of the lead-
ing end 3a of the metallic cylinder member 3. In other
words, the ceramic heater 2 is press-fitted from the side
of the leading end 2a, but this press-fitting is stopped at
a point where the leading end 3a of the metallic cylinder
member 3 is positioned midway of the taper portion 2t.
[0044] As a result, in the portion of the metallic cylin-
der member 3 close to the leading end 3a, as shown in
Fig. 8, the portion on the leading side of the taper starting
point P1 of the taper portion 2t converges to conform to
the taper portion 2t. When cut in a plane extending
through the axis G, more specifically, the portion of the
metallic cylinder member 3 close to its leading end 3a
is diametrically the smaller as it goes the closer to the
leading end 3a, thereby to regulate the ceramic heater
2 toward the leading end.
[0045] Therefore, in the present embodiment, too, ac-
tions and effects similar to those of the foregoing indi-
vidual embodiments can be obtained, when the ceramic
heater 2 is cut along the line S of Fig. 8, for example,
and mounted in the auxiliary combustion chamber E of
the Diesel engine and when this engine is run. In the
present embodiment, more specifically, in accordance
with the run of the engine, the relaxation occurs between
the inner circumference of the metallic cylinder member
3 and the outer circumference of the ceramic heater 2.
Even if the leading end 2a of the ceramic heater 2 at-
tempts to slide out to the leading end side of the metallic
cylinder member 3, this slide-out is prevented because
the portion of the taper portion 2t close to the leading
end 3a of the metallic cylinder member 3 has the con-
vergent shape. As a result, the leading end side of the
cut portion of the ceramic heater 2 can be prevented
from dropping into the auxiliary combustion chamber E.
[0046] Here, this press-fitting structure of the ceramic
heater 2 in the metallic cylinder member 3 is acquired
only by press-fitting the ceramic heater 2 from its leading
end 2a into the cylinder member (having a length of 20
mm) 3 having a straight cylinder shape and made of a
metal (e.g., SUS430), as shown in Figs. 9A and 9B, to
protrude the leading end 2a by a predetermined length
(e.g., 10 mm in the present embodiment). Specifically,
this press-fitting is performed so far that the leading end
3a of the metallic cylinder member 3 is positioned by a
distance L2 on the leading end side from the taper start-
ing point P1 of the taper portion 2t. Thus, the metallic
cylinder member 3 is deformed and diametrically en-
larged around the diametrically larger column portion 6
to an extent corresponding to the press-fit but not so
diametrically enlarged on the leading end side from the
taper starting point P1 of the taper portion 2t, so that it

is formed relatively into the convergent shape. In the
present embodiment, the cylinder member 3 employed
has an internal diameter of 3.35 mm and an external
diameter of 5 mm (and has a thickness of 0.825 mm).
[0047] In the present embodiment, too, the slide-out
preventing action is the higher at the larger cone angle
θ of the taper portion 2t, because the converging angle
of the leading end of the metallic cylinder member is
larger. At an excessively large cone angle θ, however,
the press-fit cannot be smoothed. At the smaller cone
angle θ, on the other hand, the press-fit becomes the
smoother, but it becomes necessary to retain the larger
length of the taper portion 2t. The cone angle θ of the
case using such press-fitting structure is preferably set
within a range of 10 minutes to 2 degrees, although de-
pending on the press-fitting allowance necessary for re-
taining the gas-tightness, the distance L2 in the direction
of the axis G from the taper starting point P1 of the taper
portion 2t to the leading end face 3a of the metallic cyl-
inder member 3, or the material of the metallic cylinder
member.
[0048] Here, the press-fitting structure of the present
embodiment is automatically enabled to integrate the
ceramic heater with the metallic cylinder member and
to prevent the ceramic heater from coming out by effect-
ing the press-fit in the preset depth, as described here-
inbefore. Moreover, the metallic cylinder member 3 to
be used may be a straight cylinder so that it can have a
high manufacture efficiency. In the structure of the
present embodiment in which the ceramic heater 2 is
fixed by press-fitting it in the metallic cylinder member
3, still moreover, the step of applying the glass to the
outer circumference of the ceramic heater 2, the solder-
ing step, and the step of plating the metallic cylinder
member 3 can be eliminated to simplify the manufacture
process and to lower the manufacture cost.
[0049] The foregoing individual embodiments have
been exemplified in case of the ceramic heater device
being embodied as a glow plug, but the applied exam-
ples should not be limited thereto. The ceramic heater
device can be applied not only to an igniting heater for
a petroleum fan heater but also to various heaters.
[0050] According to the ceramic heater device of the
present invention, as now apparent from the description
thus far made, even if the ceramic heater is cut within
the metallic cylinder member and assembled in the en-
gine and is then run, the cut portion can be prevented
from dropping into the engine. This prevention is also
effected even in case the ceramic heater is cut after as-
sembled in the engine. Even in case the ceramic heater
is applied to the igniting heater of the petroleum fan
heater, moreover, it is likewise effective to prevent the
cut portion from separating and coming out.

Claims

1. A ceramic heater device having a structure in which
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an axial ceramic heater is arranged in a metallic cyl-
inder member so that its leading end protrudes from
the leading end of said metallic cylinder member,
wherein:

a convergent taper portion is formed at the
leading end of said ceramic heater;
the leading end of said metallic cylinder mem-
ber is disposed on the leading end side of the
taper starting point of said taper portion;
said metallic cylinder member and said ceramic
heater are fixed to each other with a solder layer
interposed between their inner circumference
and outer circumference respectively; and
at least a portion of said solder layer is also dis-
posed on the leading end side of the taper start-
ing point of said taper portion.

2. A ceramic heater device having a structure in which
an axial ceramic heater is arranged in a metallic cyl-
inder member so that its leading end protrudes from
the leading end of said metallic cylinder member
and in which said metallic cylinder member and said
ceramic heater are fixed to each other with a solder
layer interposed between their inner circumference
and outer circumference respectively, wherein:

in said ceramic heater, a diametrically smaller
portion having a smaller diameter than that of
the remaining portion in said metallic cylinder
member is formed at a portion located in said
metallic cylinder member and corresponding to
the portion proximate to the leading end of said
metallic cylinder member; and
a solder layer is disposed at said diametrically
smaller portion for preventing sliding out of at
least a portion of said ceramic heater toward
the leading end with respect to said metallic cyl-
inder member.

3. A ceramic heater device as set forth in Claim 2,
wherein said diametrically smaller portion is a
straight portion formed straight toward the leading
end.

4. A ceramic heater device as set forth in Claim 2,
wherein said diametrically smaller portion is a taper
portion having a convergent taper shape.

5. A ceramic heater device having a structure in which
an axial ceramic heater is arranged in a metallic cyl-
inder member so that its leading end protrudes from
the leading end of said metallic cylinder member
and in which said metallic cylinder member and said
ceramic heater are fixed to each other with a solder
layer interposed between their inner circumference
and outer circumference respectively, wherein:

at least one recess is formed in the outer cir-
cumference of said ceramic heater at a portion
located in said metallic cylinder member and
corresponding to the portion proximate to the
leading end of said metallic cylinder member,
wherein a solder layer is disposed in said at
least one recess for preventing sliding out of at
least a portion of said ceramic heater toward
the leading end with respect to said metallic cyl-
inder member.

6. A ceramic heater device having a structure in which
an axial ceramic heater is arranged in a metallic cyl-
inder member so that its leading end protrudes from
the leading end of said metallic cylinder member,
wherein:

a convergent taper portion is formed at the
leading end of said ceramic heater;
said ceramic heater is so press-fitted in said
metallic cylinder member that the taper starting
point of said taper portion is positioned at a por-
tion proximate to the leading end of said metal-
lic cylinder member; and
the leading end of said metallic cylinder mem-
ber converges at said taper portion.

7. A method for manufacturing a ceramic heater de-
vice having a structure in which an axial ceramic
heater is arranged in a metallic cylinder member so
that its leading end protrudes from the leading end
of said metallic cylinder member, comprising the
steps of:

forming a convergent taper portion at the lead-
ing end of said ceramic heater; and
press-fitting said ceramic heater into said me-
tallic cylinder member, starting with the leading
end of the ceramic heater, to such a position
that the taper starting point of said taper portion
does not go beyond the leading end of said me-
tallic cylinder member.
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