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(57)  Aceramics heater 6 includes a heating element between the lead wire and the electrode fitting is situat-

which is carried by an insulating ceramics material. A
negative pole lead wire extends from the heating ele-
ment and is externally exposed on a lateral surface of
the ceramics heater to be electrically connected to a me-
tallic outer sleeve 8. The ceramics heater 6 also has a
positive pole lead wire 10 which is taken out through an
end face of the ceramics heater disposed remote from
the heating element to be connected to an electrode fit-
ting 12. The ceramics heater is cemented to the metallic
outer sleeve toward one end thereof so that a junction

SN

ed within the metallic outer sleeve. A refractory insulat-
ing powder 14 is filled into the space within the metallic
outer sleeve, which is then subject to a swaging opera-
tion to densify the refractory insulating powder, thereby
securing the electrode fitting within the metallic outer
sleeve. The swaged portion of the metallic outer sleeve
is secured within an internal bore 4 of a housing. A struc-
ture which supports the lead wire and the electrode fit-
ting is simplified, and a tightening torque applied to an
external connection terminal 18 can be resisted by the
metallic outer sleeve which is secured to the housing.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a glow plug
which is used as a starting aid for a diesel engine, and
in particular, to a ceramics heater glow plug which uses
a ceramics heater as a heating element and a method
of manufacturing same.

BACKGROUND ART

[0002] A ceramics heater is known in the art which in-
cludes a heating element formed by a coil of high melting
metal (such as tungsten) or a conductive ceramics ma-
terial or a film shaped heating element embedded in an
insulating ceramics material. Where the conductive ce-
ramics material is used as the heating element, itis part-
ly exposed outside the insulating ceramics so that a lead
wire connected to the negative electrode of the heating
element can be taken out through the side of the insu-
lating ceramics material for connection with a metallic
outer sleeve, while a lead wire connected to the positive
electrode of the heating element'is taken out through an
end face of the insulating ceramics material which is lo-
cated remote from the heating element for connection
with one end of an electrode fitting, the other end of
which is connected to an external connection terminal.
[0003] When the positive electrode lead wire which
projects through the end face of the ceramics heater is
to be connected with the heating element within the in-
sulating ceramics material, a mounting hole is opened
into the end face of the insulating ceramics material so
that the lead wire can be connected with the heating el-
ement within the mounting hole. However, the size of
the mounting hole is limited, preventing the diameter of
the lead wire from being increased and also preventing
the lead wire from being formed with a sufficient rigidity.
Also, for the connection between the lead wire and the
heating element on the end face of the ceramics heater,
it is difficult to achieve a sufficient strength for the con-
nection. It will be seen that the insulating ceramics ma-
terial is brittle in nature and cannot stand an increased
force applied. For this reason, when a power supply
(battery) is connected to the external connection termi-
nal, a tightening torque applied cannot be resisted by
the lead wire alone. As a consequence, in order to allow
a tightening torque which is applied when connecting
the battery to the ceramics heater to be resisted, there
results a tendency that the connection with the electrode
fitting or the external connection terminal or a construc-
tion which fixes them to a housing becomes complex
and leads to an increased size.

[0004] Itis also necessary that the resulting construc-
tion be capable of withstanding vibrations of an engine,
again resulting in a tendency toward an increased size
of the construction which fixes the electrode fitting or the
external connection terminal.
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[0005] Recently, to accommodate for regulatory re-
quirements on exhaust gases, a combustion scheme of
a diesel engine is shifting toward a direct injection type,
whereby a reduced diameter and an increased overall
length are demanded for an associated glow plug. To
meet with these demands, it is necessary that a part of
the ceramics heater which is passed through a housing
during the assembly be reduced in diameter and the
housing itself be also reduced in diameter while secur-
ing the strength thereof so that a sufficient strength can
be secured to withstand the tightening torque applied
when connecting a battery terminal to the external con-
nection terminal or to withstand vibrations of an engine.
[0006] With a sheath heater which is extensively used
in the art for a heating element of a glow plug for a diesel
engine, the electrode fitting is swaged to be secured
within the sheath so that the electrode fitting provides a
strength which resists a tightening torque applied to the
external connection terminal or vibrations of an engine.
By contrast, with the ceramics heater as mentioned
above, there remains a problem in securing the required
strength because the lead wire which is taken out of the
end face of the ceramics heater is reduced in diameter.
[0007] The presentinvention has been made to solve
such problems, and has for its object the provision of a
glow plug including a ceramics heater having a simpli-
fied construction which supports the lead wire taken out
from the end face of the ceramics heater and the elec-
trode fitting connected to the lead wire with respect to
the housing while securing a sufficient strength to resist
the tightening torque applied to the external connection
terminal and vibrations of an engine.

DISCLOSURE OF THE INVENTION

[0008] A ceramics heater glow plug according to the
present invention comprises a ceramics heater formed
by an insulating ceramics material and an inorganic con-
ductor, a metallic outer sleeve having one end in which
the ceramics heater is secured and having the other end
which is secured in an internal bore of a housing, and
an electrode fitting connected to one of lead wires which
projects through an end face of a heating element of the
ceramics heater which is located inside the metallic out-
er sleeve. In particular, the electrode fitting is formed as
a rigid body, and the junction between the electrode fit-
ting and the lead wire from the heating element is con-
tained within the metallic outer sleeve. The electrode fit-
ting is secured within the metallic outer sleeve through
an insulator interposed therebetween.

[0009] According to the present invention, the lead
wire extending from the electrode of the heating element
and the electrode fitting are secured to the metallic outer
sleeve through the interposed insulator, allowing the
electrode fitting to be insulated in a reliable manner and
simplifying the construction which support them with re-
spect to the housing and thus reducing the manufactur-
ing cost. The tightening torque applied to the external
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connection terminal is transmitted to a region of the
housing where the metallic outer sleeve is disposed as
a press fit through the interposed electrode fitting which
is formed as a rigid body, thus allowing the construction
which fixes the external connection terminal to be sim-
plified. A likelihood of a wire breakage occurring due to
vibrations or an ingress of water.is avoided and there is
no likelihood that the ceramics heater may be deformed
under the influence of vibrations, thermal cycle or inter-
nal cylinder pressure or may be damaged under the in-
fluence of external force. If an external force of an ex-
cessively high magnitude is applied to the external con-
nection terminal, such force cannot be transmitted to the
ceramics heater, thus avoiding any damage thereof.
The lead wire extending from the electrode of the heat-
ing element can be reduced in length, thus suppressing
a self-heating of the lead wire and the resulting power
dissipation. Finally, the ceramics heater glow plug can
be constructed in substantially identical manner as a
sheath glow plug, allowing parts and an assembling
equipment to be used in common to reduce the manu-
facturing cost.

[0010] The invention defined in Claim 2 is character-
ized in that in the arrangement of the invention defined
in Claim 1, an insertion opening is formed in the end
face of the electrode fitting to receive one end of the lead
wire for purpose of connection therewith.

[0011] The invention defined in Claim 3 is character-
ized in that in the arrangement of the invention defined
in Claim 2, the insertion opening comprises an through-
opening axially extending through the electrode fitting
to receive the lead wire, and the outer periphery of the
electrode fitting is subject to a plastic deformation for
connection with the lead wire.

[0012] The invention defined in Claim 4 is character-
ized in that in the arrangement of the invention defined
in Claim 1, a lateral surface of the lead wire at its distal
end is disposed in abutment against a lateral surface of
the electrode fitting at the distal end thereof for purpose
of connection therebetween.

[0013] The invention defined in Claim 5 is character-
ized in that in the arrangement of the invention defined
in Claim 4, the distal end of the electrode fitting is formed
with a step, against which the lateral surface of the lead
wire at its distal end abuts for purpose of connection
therebetween.

[0014] The invention defined in Claim 6 is character-
ized in that in the arrangement of the invention defined
in Claim 1, a connection member is used to connect be-
tween the lead wire and the electrode fitting.

[0015] The invention defined in Claim 7 is character-
ized in that in the arrangement of the invention defined
in Claim 1, a hollow pipe member is used as the lead
wire extending from the electrode of the heating ele-
ment.

[0016] The invention defined in Claim 8 is character-
ized in that in the arrangement of the invention defined
in Claim 1, a slitted hollow pipe member is used as the
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lead wire extending from the electrode of the heating
element.

[0017] According to the inventions defined in Claims
7 and 8 where a hollow pipe is used as the lead wire
extending from the electrode of the heating element,
when the hollow pipe is inserted into the mounting hole
formed in the end of the ceramics heater and is cement-
ed therewith by brazure, air remaining within the mount-
ing hole can be exhausted smoothly, thus reducing air
bubbles which may be generated therein.

[0018] The invention defined in Claim 9 is character-
ized in that in the arrangement of either invention de-
fined in Claim 1, 7 or 8, the distal end of the lead wire is
coiled, and the distal end of the electrode fitting is in-
serted into the coiled end for purpose of connection ther-
ebetween.

[0019] The invention defined in Claim 10 is character-
ized in that in the arrangement of the invention defined
in either Claim 7 or 8, the hollow pipe member which is
used as a lead wire is formed at its end with a cup-
shaped juncture, into which the distal end of the elec-
trode fitting fits. The invention defined in Claim 10 per-
mits the electrode fitting and the lead wire to be connect-
ed togetherin a simple and reliable manner from outside
the metallic outer sleeve, in addition to the advantages
achieved by the inventions defined in Claims 7 and 8.
[0020] The invention defined in Claim 11 is character-
ized in that in the arrangement of the invention defined
either one of Claims 1, 7 and 8, the end of the lead wire
extending from the electrode of the heating element is
helically coiled, while the distal end of the electrode fit-
ting is formed with a plurality of steps, which are en-
gaged with an unevenness in the helical coil to achieve
a connection therebetween.

[0021] Theinvention defined in Claim 12 is character-
ized in that in the arrangement of the invention defined
in either Claim 7 or 8, the end of the lead wire extending
from the electrode of the heating element is helically
coiled, while the distal end of the electrode fitting is
threaded for threadable engagement with the helical coil
to provide a connection therebetween.

[0022] The inventions defined in Claims 11 and 12 al-
low the electrode fitting and the lead wire extending from
the electrode of the heating element to be connected
together in a reliable manner while preventing a disen-
gagement therebetween, thus achieving a reliable elec-
trical connection.

[0023] The invention defined in Claim 13 is character-
ized in that in the arrangement of the ceramics heater
glow plug according to one of the above Claims, an elas-
tic seal member is fitted into an opening formed in the
metallic outer sleeve which is located toward the elec-
trode.

[0024] Theinvention defined in Claim 14 is character-
ized in that in the ceramics heater glow plug according
to one of the above Claims, the metallic outer sleeve
comprises a stepped pipe including a portion of a re-
duced diameter and another portion of a greater diam-
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eter, and an end face of the ceramics heater which is
located within the metallic outer sleeve is disposed with-
in the portion of a greater diameter.

[0025] The invention defined in Claim 15 relates to a
method of manufacturing a ceramics heater according
to one of the above Claims, comprising the sequential
steps of connecting a lead wire which projects from the
end face of the ceramics heater with the electrode fitting,
securing the ceramics heater in one end of the metallic
outer sleeve, filling a refractory insulating powder into
the other end of the metallic outer sleeve, and subjecting
the outer periphery of the metallic sleeve in which the
lead wire and the electrode fitting are contained to a
swaging operation to reduce the diameter thereof,
thereby securing the electrode fitting to the metallic out-
er sleeve.

[0026] The invention defined in Claim 16 relates to a
method of manufacturing a ceramics heater according
to one of the above Claims, comprising the sequential
steps of securing the ceramics heater in one end of the
metallic outer sleeve, connecting the lead wire project-
ing from an end face of the ceramics heater with the
electrode fitting, filling a refractory insulating powder in-
to the other end of the metallic outer sleeve, and sub-
jecting the outer periphery of the metallic outer sleeve
in which the lead wire and the electrode fitting are con-
tained to a swaging operation to reduce the diameter
thereof, thereby securing the electrode fitting to the me-
tallic outer sleeve.

[0027] According to the method of the invention de-
fined in either Claim 15 or 16, a portion of the metallic
outer sleeve which is disposed as a press fitin a housing
is formed by a swaging operation, and accordingly, a
dimensional accuracy can be maintained to stabilize the
press fit. This permits a welding or caulking operation
which is intended to connect between the lead wire ex-
tending from the electrode of the heating element and
the electrode fitting to be dispensed with, thus improving
the ease of assembly and productivity while reducing
the manufacturing cost.

[0028] The invention defined in Claim 17 is character-
ized in that in the method defined in Claim 16, at the
same time as the ceramics heater is secured in one end
of the metallic outer sleeve, one end of the lead wire is
connected to the ceramics heater.

[0029] The invention defined in Claim 18 is character-
ized in that in the manufacturing method mentioned
above, aportion of the metallic outer sleeve which is sub-
ject to the swaging operation assumes an outer diame-
ter before the swaging operation takes place which is
greater than the outer diameter of a portion thereof
where the ceramics heater is secured.

[0030] The invention defined in Claim 19 is character-
ized in that in the manufacturing method mentioned
above, subsequent to the step of filling a refractory in-
sulating powder into the other end of the metallic outer
sleeve, an elastic seal member is fitted into an opening
of the metallic'outer sleeve which is located toward the
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electrode fitting.

[0031] The invention defined in Claim 20 is character-
ized in that in the manufacturing method defined in ei-
ther Claim 15 or 16, an end of the lead wire extending
from the electrode of the heating element is helically
coiled while the distal end of the electrode fitting is
formed with a plurality of steps, and the electrode fitting
is axially urged to drive the steps into the helical coil for
engagement therebetween, thus achieving a connec-
tion therebetween.

[0032] Theinvention defined in Claim 21 is character-
ized in that in the manufacturing method defined in ei-
ther Claim 15 or 16, an end of the lead wire extending
from the electrode is helically coiled while the distal end
of the electrode fitting is threaded, and the electrode fit-
ting is rotated to cause the threads to be threadably en-
gaged with the helical coil to provide a connection ther-
ebetween.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

Fig. 1 is a longitudinal section of a ceramics heater
glow plug according to one embodiment of the
present invention;

Fig. 2 illustrates an exemplary construction of con-
necting between a lead wire of a ceramics heater
and an electrode fitting;

Fig. 3 shows a sequence of steps for assembling
the ceramics heater glow plug;

Fig. 4 shown an example of sub-assembly at a point
where a lead wire from the ceramics heater is con-
nected to a external connection terminal;

Fig. 5 shows other examples of a construction con-
necting between a lead wire of the ceramics heater
and the electrode fitting;

Fig. 6 shows a sequence of assembling steps for a
ceramics heater glow plug according to a second
embodiment of the invention.

Fig. 7 shows another example of a sub-assembly
at a point where a lead wire of the ceramics heater
is connected to an external connection terminal;
Fig. 8 shows steps in a first half of a sequence of
assembling steps for a ceramics heater glow plug
according to a third embodiment of the invention;
Fig. 9 shows steps in the sequence of assembling
steps for the ceramics heater glow plug according
to the third embodiment which follow the steps
shown in Fig. 8;

Fig. 10 shows a third example of a sub-assembly at
a point where a lead wire from the ceramics heater
is connected with an external connection terminal;
Fig. 11 shows steps in a first half of sequence of
assembling steps for a ceramics heater glow plug
according to a fourth embodiment;

Fig. 12 shows steps in the sequence of assembling
steps for the ceramics heater glow plug according
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to the fourth embodiment which follow the steps
shown in Fig. 11;

Fig. 13 shows a fourth example of a sub-assembly
at a point where a lead wire of the ceramics heater
is connected with an external connection terminal;
Fig. 14 shows steps in a first half of the sequence
of assembling steps for a ceramics heater glow plug
according to a fifth embodiment;

Fig. 15 shows steps in the sequence of assembling
steps for the ceramics heater glow plug according
to the fifth embodiment which follow the steps
shown in Fig. 14;

Fig. 16 shows a fifth example of a sub-assembly at
a point where a lead wire of the ceramics heater is
connected with the external connection terminal;
Fig. 17 shows steps in a first half of a sequence of
assembling steps for a ceramics heater glow plug
according to a sixth embodiment;

Fig. 18 shows steps in the sequence of assembling
for the ceramics heater glow according to the sixth
embodiment which follow the steps shown in Fig.
17;

Fig. 19 shows a sixth example of a sub-assembly
where a lead wire of the ceramics heater is connect-
ed with the external connection terminal;

Fig. 20 shows steps in a first half of a sequence of
assembling steps for a ceramics heater glow plug
according to a seventh embodiment;

Fig. 21 shows steps in the sequence of assembling
steps for the ceramics heater glow plug according
to the seventh embodiment which follow the steps
shown in Fig. 20;

Fig. 22 shows a seventh example of a sub-assem-
bly at a point where a lead wire of the ceramics heat-
er is connected with the external connection termi-
nal;

Fig. 23 is a longitudinal section illustrating a status
in the course of assembling a ceramics heater glow
plug according to an eighth embodiment;

Fig. 24 shows an example of an lead wire extending
from the electrode of the heating element, Fig. 24
(a) being a front view of a hollow pipe, Fig. 24(b) a
side elevation, Fig. 24(c) a front view of a slitted hol-
low pipe and Fig.24(d) a side elevation;

Fig. 25 is a longitudinal section showing a status in
the course of assembling a ceramics heater glow
plug according to a ninth embodiment;

Fig. 26 shows a status in the course of assembling
a ceramics heater glow plug according to a tenth
embodiment, Fig. 26 (a) showing a status before a
connection between the lead wire extending from
the electrode of the heating element and the elec-
trode fitting and Fig. 26(b) a status after the connec-
tion is completed;

Fig. 27 shows a status in the course of assembling
a ceramics heater glow plug according to an elev-
enth embodiment, Fig. 27(a) showing a status be-
fore the connection between the lead wire extend-
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ing from the electrode of the heating element and
the electrode fitting and Fig. 27(b) a status after the
connection is completed;

Fig. 28 shows sequential steps in the course of as-
sembling a ceramics heater glow plug according to
a twelfth embodiment;

Fig. 29 shows sequential steps in the course of as-
sembling a ceramics heater glow plug according to
a thirteenth embodiment;

Fig. 30 shows sequential steps in the course of as-
sembling a ceramics heater glow plug according to
a fourteenth embodiment;

Fig. 31 shows sequential steps in the course of as-
sembling a ceramics heater glow plug according to
a fifteenth embodiment;

Fig. 32 shows sequential steps in the course of as-
sembling a ceramics heater glow plug according to
a sixteenth embodiment;

Fig. 33 shows sequential steps in the course of as-
sembling a ceramics heater glow plug according to
a seventeenth embodiment; and

Fig. 34 shows sequential steps in the course of as-
sembling a ceramics heater glow plug according to
an eighteenth embodiment.

BEST MODES OF CARRYING OUT THE INVENTION

[0034] Several embodiments of the present invention
will now be described with reference to the drawings.
Fig. 1 is a longitudinal section of a ceramics heater glow
plug according to one embodiment of the present inven-
tion. The glow plug has a cylindrical housing 2 having
aninternal bore 4 which is a stepped axial bore including
a portion of a medium diameter 4a which is located to
the left and in which a ceramics heater is secured, a por-
tion of a greater diameter 4c which is located to the right
and in which an external connection terminal is secured,
and a portion of a reduced diameter 4b which is dis-
posed between the portions 4a and 4c.

[0035] A ceramics heater 6 is cemented, as by being
disposed as a press fit or by brazure, to a metallic outer
sleeve 8, which is in turn inserted into the portion 4a of
a medium diameter of the internal bore 4 in the housing
2. The outer periphery of the metallic outer sleeve 8 is
partly secured to the housing 2 as by being disposed as
a press fit or by brazure.

[0036] Sincethe ceramics heater 6 is generally known
in construction, its interior will not be specifically shown
or described. However, briefly, the ceramics heater 6
comprises a body which is formed by a ceramics insu-
lating material in which a coil of a high melting material
such as tungsten (W), for example, is embedded as a
heating wire to provide a heating element 6a, which
projects externally through a distal end 8b of the metallic
outer sleeve 8. An end face 6b of the ceramics heater
6 which is located remote from the heating element 6a
is situated inside the metallic outer sleeve 8. In this em-
bodiment, the heating element comprises a high melting
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metal, but it may be in the form of a heating element
formed by conductive ceramics or a sheet-like heating
element. In sum, the ceramic heater 6 may be a com-
posite structure of an insulating ceramics material and
an inorganic conductor which serves as a heating ele-
ment, as may be provided by exposing part of a heating
element of conductive ceramics outside the insulating
ceramics material.

[0037] A negative pole lead wire is connected to one
end of the coiled heating wire which is embedded within
the ceramics heater 6, while a positive pole lead wire is
connected to the other end thereof. The negative pole
lead wire is exposed externally of the ceramics insulat-
ing material inside the metallic outer sleeve 8 and is
electrically connected to the internal surface of the me-
tallic outer sleeve 8 as by brazure. On the other hand,
the positive pole lead wire extends toward the end face
6b, and is connected to an electrode connection lead
wire 10 within the end of the ceramics heater 6. A struc-
ture which connects the electrode connection lead wire
10 with the positive pole lead wire disposed within the
ceramics insulating material and taken out of the ceram-
ics heater is disclosed in Japanese Patent Applications
No. 173,877/1999, No. 143,994/2000 and the like, but
any other technique maybe applied.

[0038] The electrode connection lead wire 10 which
is taken out through the end face 6b of the ceramics
heater 6 has a distal end 10a, which is connected to an
electrode fitting 12 inside the metallic outer sleeve 8. It
should be noted that the electrode connection lead wire
10 is a wire of a reduced diameter, but the electrode fit-
ting 12 comprises a rigid material. The electrode fitting
12 has an end 12a, in which an insertion opening 12b
(which will be described later with reference to Fig. 2) is
formed, and the distal end 10a of the electrode connec-
tion lead wire 10 is inserted into the insertion opening
12b and is connected thereto as by brazing or by caulk-
ing the end 12a of the electrode fitting 12.

[0039] Arefractoryinsulating powder which is swaged
to provide a densified insulator 14 is filled into the me-
tallic outer sleeve 8 around a junction between the elec-
trode connection lead wire 10 and the electrode fitting
12, whereby the electrode connection lead wire 10 and
the electrode fitting 12 are secured in the metallic outer
sleeve 8 through the interposed insulator 14. A seal
member 16 is fitted between an opening of the metallic
outer sleeve 8 and the external surface of the electrode
fitting 12.

[0040] The electrode fitting 12 which has its end 12a
secured within the metallic outer sleeve 8 has its other
end 12c projecting externally of the metallic outer sleeve
8, and a distal end 18a of an external connection termi-
nal 18 is connected to the end 12c as by butt welding.
A sub-assembly including the ceramics heater 6, the
metallic outer sleeve 8, the electrode fitting 12 and the
external connection terminal 18 is inserted into the in-
ternal bore 4 through the end of the housing 2 which is
located toward the ceramics heater (or the left end as

10

15

20

25

30

35

40

45

50

55

viewed in Fig.1) with a threaded portion 18b of the ex-
ternal connection terminal 18 which is used for connec-
tion with a battery disposed foremost and is secured
when the metallic outer sleeve 8 is disposed as a press
fit at a given position or secured at a given position by
brazure (brazure using a silver brazing material). When
the sub-assembly is secured in the housing 2, the
threaded portion 18b of the external connection terminal
18 projects externally of the housing 2.

[0041] After the ceramics heater 6 and the metallic
outer sleeve 8 have been secured to the housing 2 in
the manner mentioned above, a seal member 20 (O-ring
20) and a cylindrical insulating bushing 22 are fitted over
the end adjacent to the threaded portion 18b of the ex-
ternal connection terminal 18 which projects externally
of the housing, and are inserted into the portion 4c of a
greater diameter of the internal bore 4 in the housing 2.
Subsequently, a washer-like insulating member 24 is fit-
ted over the threaded end, and an aluminum nut is
clamped to the threaded end. The portion 4c of a greater
diameter of the internal bore 4 in the housing 2 has a
tapered surface 4e toward the portion 4b of a reduced
diameter, and when the seal member 20 is pressed be-
tween the tapered surface 4e and the insulating bushing
22, a hermetic seal of the interior of the housing 2 is
maintained. While the seal member 20 and the insulat-
ing bushing 2 can be secured in place by caulking the
end of the housing 2, clamping the aluminum nut 26 dis-
penses with the caulking step and is advantageous in
respect of the cost required.

[0042] However, it should be understood that the ex-
ternal connection terminal may be secured in place by
any other construction. For example, as disclosed in
Japanese Patent Application No. 084, 659/2000, an in-
sulating securing member may be provided between the
internal surface of the housing 2 and the external sur-
face of the external connection terminal 18 so that a
tightening torque may be applied to the external con-
nection terminal 18.

[0043] In the ceramics heater glow plug constructed
in the manner mentioned above, the electrode connec-
tion lead wire 10 extending from the ceramics heater 6
and the electrode fitting 12 which is connected to the
external connection terminal 18 are connected together
inside the metallic outer sleeve 8, and both of them are
secured in the metallic outer sleeve 8 by the insulator
14 which fills the interior of the metallic outer sleeve 8.
Accordingly, there is no need to provide an insulating
support for the electrode connection lead wire 10 and
the electrode fitting 12, and the construction which sup-
ports them with respect to the housing 2 is simplified,
reducing the manufacturing cost. The tightening torque
which is applied to the external connection terminal is
resisted by the electrode fitting 12 and the insulator 14,
thus simplifying the construction which secures the ex-
ternal connection terminal 18.

[0044] Referring to Figs. 2 to 5, an assembling proce-
dure which is used when securing an electrode connec-
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tion lead wire 10 extending from the ceramics heater 6
and the electrode fitting 12 to the metallic outer sleeve
8 will be described. Initially, one end 12a of the electrode
fitting 12 which comprises a rigid body is connected to
the distal end 10a of the electrode connection lead wire
10 which extends through the end face 6b of the ceram-
ics heater 6. The lead wire 10 comprises a nickel (Ni)
wire or a nickel plated soft steel wire having a thickness
¢ on the order of 0.5 to 1.0 mm. The electrode fitting 12
has a thickness ¢ on the order of 2.2 to 2.4 mm where
the external diameter of the threaded portion 2a (see
Fig. 1) of the housing 2 is M8 and has a thickness ¢ on
the order of 2.8mm for M10.

[0045] As shown to an exaggerated scale in Fig. 2,
the connecting construction between the electrode con-
nection lead wire 10 and the lead wire 12 is formed by
forming an insertion opening 12b in the end 12a of the
electrode fitting 12, and inserting the distal end 10a of
the electrode connection lead wire 10 into the insertion
opening 10b and connected thereto by brazure or by
caulking. However, the connection is not limited to this
construction. As illustrated in Fig. 5(a), one side of the
distal end 12a of the electrode fitting 12 may be notched
to form a notched area 12d, and the lateral surface of
the distal end 10a of the electrode connection lead wire
10 may be disposed in abutment against the notched
area 12d for purpose of connection. Alternatively, as
shown in Fig. 5(b), a lateral surface of the distal end 10a
of the electrode connection lead wire 10 may be dis-
posed in contact with a lateral surface of the distal end
12a of the electrode fitting 12, and the both members
may be welded together. As a further alternative, as
shown in Fig. 5(c), the distal end 12a of the electrode
fitting 12 may be inserted into one end of a pipe-shaped
connection member 30 while the distal end 10a of the
electrode connection lead wire 10 may be inserted into
the other end of the connection member 30, which is
then caulked to connect the both members together. In-
stead, the both members may be disposed into the op-
posite ends of the connection members 30 as a press
fit for purpose of connection.

[0046] After the electrode connection lead wire 10 ex-
tending from the ceramics heater 6 and the electrode
fitting 12 are connected together, the ceramics heater 6
may be secured in the end of the metallic outer sleeve
8 which is located toward the ceramics heater by braz-
ure or by being disposed as a press fit therein. Obvious-
ly, at this time, the heating element 6a of the ceramics
heater 6 must be exposed externally of the metallic outer
sleeve 8. The metallic outer sleeve 8 in which the ce-
ramics heater 6 is secured is stepped to define the por-
tion 8c of a greater diameter on the side opposite from
the end where the ceramics heater 6 is secured and
where the electrode fitting 12 is secured, and the junc-
tion between the electrode connection lead wire 10 and
the electrode fitting 12 is disposed within the portion 8c
of a greater diameter (see Fig. 3(a)).

[0047] An exemplary assembling procedure which is
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used when securing the ceramics heater 6 to the metal-
lic outer sleeve 8 by brazure will be described briefly. An
assembly (see Fig. 2) of the ceramics heater 6 having
the electrode connection lead wire 10 and the electrode
fitting 12 connected together is set up on a brazure jig,
not shown. It should be noted that a plurality of ceramics
heater assemblies are set up on the brazure jig for per-
forming a brazing operation simultaneously. A wire of
brazing filler material (brazing silver) which is coiled is
set up on the end face of the ceramics heater 6 which
is located inside the metallic outer sleeve 8. The metallic
outer sleeve 8 is then fitted over the ceramics heater 6.
The brazing filler material is then heated to melt to com-
plete a brazing between the ceramics heater 6 and the
metallic outer sleeve 8.

[0048] After the ceramics heater 6 has been secured
inside the stepped metallic outer sleeve 8, a refractory
insulating powder (such as magnesia (MgO) or the like,
for example) 14 is filled into a space in which the junction
between the electrode connection lead wire 10 and the
electrode fitting 12 is contained through an opening 8d
of the metallic outer sleeve 8 which is located at the end
of the portion 8c of a greater diameter (see Fig. 3(b)).
Subsequently, a seal member of rubber (such as sili-
cone rubber or fluorine containing rubber) is inserted in-
to the opening 8d of the metallic outer sleeve 8 (see Fig.
3(c)). The insertion of the seal member 16 into the open-
ing 8d of the metallic outer sleeve 8 is effective to pre-
vent a spillage of the refractory insulating powder 14
from occurring when the swaging operation takes place
subsequently and also prevents the electrode fitting 12
from contacting the metallic outer sleeve 8. The end of
the metallic outer sleeve 8 is then caulked (indicated by
reference numeral 8e shown in Fig. 3(d)), preventing the
seal member 16 from being disengaged.

[0049] When the refractory insulating powder 14 is
filled into the metallic outer sleeve 8, the seal member
16 is inserted and the end 8e of the metallic outer sleeve
8 is caulked as indicated in Fig. 3(d), the portion 8c of a
greater diameter of the metallic outer sleeve 8 in which
the junction between the electrode connection lead wire
10 and the electrode fitting 12 is contained is subject to
a swaging operation, whereby the diameter of the
sleeve 8 is reduced to be comparable to the diameter of
the portion of the metallic outer sleeve 8 in which the
ceramics heater 6 is secured. In this manner, by reduc-
ing the external diameter of the metallic outer sleeve 8
by means of the swaging operation, the refractory insu-
lating powder 14 is densified to secure the electrode fit-
ting 12 within the metallic outer sleeve 8 (see Fig. 3(e)).
It should be understood that the external diameter of the
swaged portion may be slightly greater than or less than
the external diameter of the portion of the sleeve 8 in
which the ceramics heater 6 is secured.

[0050] One end 18a of the external connection termi-
nal 18 is secured to the outer end 12c of the electrode
fitting 12 which is secured within the metallic outer
sleeve 8 by the swaging operation mentioned above
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(see Fig. 4). The sub-assembly shown in Fig. 4 including
the ceramics heater 6, the metallic outer sleeve 8, the
electrode fitting 12 and the external connection terminal
18 is inserted into the housing 2 and secured in the man-
ner mentioned above, thus assembling a ceramics heat-
er glow plug.

[0051] With the ceramics heater glow plug construct-
ed in the manner mentioned above, a portion of the me-
tallic outer sleeve 8 which is disposed as a press fit into
the housing 2 is formed by the swaging operation, and
accordingly, a dimensional accuracy can be maintained
to stabilize the press fit. Since the electrode connection
lead wire 10 of the ceramics heater 6 is embedded in
the refractory insulating powder 14, there is no likelihood
of a wire breakage due to vibrations, and has a resist-
ance to the ingress of water. In addition, the presence
of the refractory insulating powder 14 is effective in sup-
pressing a penetration of the ceramics heater 6 into the
metallic outer sleeve 8 as a result of vibration, thermal,
cycle, internal cylinder pressure or the like. If an external
force of an excessively high magnitude is applied to the
external connection terminal 18, such force is not trans-
mitted to the ceramics heater 6, thus effectively prevent-
ing any damage of the ceramics heater 6 from occurring.
In addition, the length of the electrode connection lead
wire 10 can be reduced, allowing a self-heating of the
lead wire 10 to be suppressed and the power dissipation
to be reduced. Finally, since the ceramics heater glow
plug can be formed to a construction which is substan-
tially same as a sheath glow plug, parts or an assem-
bling equipment can be used in common to reduce the
manufacturing cost.

[0052] In the described embodiment, the seal mem-
ber 16 is inserted into the opening 8b of the metallic out-
er sleeve 8 before the swaging operation takes place,
but the use of the seal member 16 may be omitted. In
this instance, when molding the metallic outer sleeve 8,
the end adjacent to the opening can be molded to be
inwardly tapered or the end adjacent to the opening may
be caulked before the swaging operation takes place so
as to be inwardly tapered. When the opening 8b of the
metallic outer sleeve 8 is narrowed in this manner, a
spillage of the refractory insulating powder 14 during the
swaging operation can be effectively prevented.
[0053] In the above description, a tightening torque
applied to the external connection terminal 18 is resisted
by the electrode fitting 12, the refractory insulating pow-
der 14, the metallic outer sleeve 8 and the housing 2.
This arrangement provides a sufficient strength for the
diameter of the mounting threads 2a of the housing 2
which is equal to M10, for example, since various mem-
bers may have greater diameters. However, for a diam-
eter of mounting threads 2a which is equal to M8, for
example, the electrode fitting 12 becomes thinner in di-
ameter, and may be incapable of resisting the tightening
torque. In this instance (see para. 0042), the external
connection terminal 18 may be secured to the housing.
by using an insulating securing member as mentioned
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above.

[0054] In the above description, the metallic outer
sleeve 8 is configured before the swaging operation to
be stepped to provide the portion 8c of the greater di-
ameter in the region where the electrode fitting 12 is con-
tained, and the swaging operation reduces the diameter
of this portion to be comparable to the diameter of the
metallic outer sleeve in a portion where the ceramics
heater is secured. However, it is also possible to use a
metallic outer sleeve which has a uniform diameter over
the entire length before the swaging operation takes
place.

[0055] Anassembling procedure for a second embod-
iment which employs a metallic outer sleeve 108 having
a uniform diameter over the entire length will-now be de-
scribed with reference to Figs. 6 and 7. Since parts other
than the metallic outer sleeve 8 are similar to those used
in the first embodiment, corresponding parts are desig-
nated by like reference characters as used before. After
connecting an electrode connection lead wire 10 of a
ceramics heater 6 with an electrode fitting 12 (see Fig.
2) , the ceramic heater 6 is secured to a portion of the
metallic outer sleeve 108 in a region which is located
toward the ceramics heater by brazure (Fig. 6(a)). It
should be understood that the connection between the
electrode connection lead wire 10 of the ceramics heat-
er 6 and the electrode fitting may take place by using
other constructions (see Figs. 5(a), 5(b) and 5(c)) as in
the first embodiment.

[0056] A refractory insulating powder 14 is filled into
the portion of the metallic outer sleeve 108 disposed
around the electrode fitting 12 through an opening 108d
(see Fig. 6(b)), and a seal member 16 is inserted into
the opening 108d (see Fig. 6(c)). The opening 108d of
the metallic outer sleeve 108 is caulked from the outside
(as indicated by character 108e shown in Fig. 6(d)), thus
preventing the seal member 16 from being disengaged.
Subsequently, a portion 108f of the metallic outer sleeve
108 which is filled with the refractory insulating powder
14 is subject to a swaging operation to reduce a diam-
eter thereof, thus densifying the refractory insulating
powder 14 to secure the electrode fitting 12 within the
metallic outer sleeve 108.

[0057] It will be seen that subsequent to the swaging
operation, the portion 108f of the metallic outer sleeve
108 in which the electrode fitting 12 is contained will be
reduced in diameter as compared with the portion there-
of in which the ceramics heater 6 is secured, but the
diameter of the portion 108f should be greater than the
external diameter of the external connection terminal
18. Since the swaged portion 108f of the metallic outer
sleeve represents a portion which is disposed as a press
fit into an internal bore 4 of a housing 2, if the portion
108f has an external diameter which is less than the ex-
ternal connection terminal 18, it becomes impossible to
pass the external connection terminal 18 through the in-
ternal bore 4 of the housing. For this reason, the swaged
external diameter of the metallic outer sleeve 108 must
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be greater than the external diameter of the external
connection terminal 18.

[0058] After the swaging operation of the portion of
the metallic outer sleeve 108 which is located around
the electrode fitting 12 to densify the filled refractory in-
sulating powder 14 to secure the electrode fitting 12
within the metallic outer sleeve 108, one end 18a of the
external connection terminal 18 is connected to the out-
er end 12c of the electrode fitting 12 as by butt welding
(see Fig. 7). The sub-assembly shown in Fig. 7 is as-
sembled with the'housing 2 by similar steps as used in
the first embodiment, thus completing a ceramics heater
glow plug.

[0059] Although the use of the metallic outer sleeve
108 (see Fig. 6) having a straight configuration or a uni-
form diameter over the entire length is advantageous
over the use of the stepped metallic outer sleeve 8 hav-
ing the portion 8c of a greater diameter as in the first
embodiment in respect to the manufacturing cost, the
use of the stepped metallic outer sleeve 8 becomes nec-
essary depending on the diameter (M8 or M10) of the
mounting threads 2a of the housing 2, the external di-
ameter of the ceramics heater 6 which influences upon
a temperature rise characteristic of the glow plug or the
external diameter of the external connection terminal
18. Accordingly, the configuration of the metallic outer
sleeve 8 or 108 may be suitably chosen as required.
Where the metallic outer sleeve 108 having a straight
configuration is used, a reduced clearance between the
internal surface of the sleeve 108 and the external sur-
face of the electrode fitting 12 results in a reduced
amount of the refractory insulating powder 32 which fills
the clearance, leading to a difficulty in performing the
swaging operation. In such instance, it is necessary to
use the stepped metallic outer sleeve 8. Also where the
metallic outer sleeve 108 having a straight configuration
is used, there arises a likelihood of a short circuit occur-
ring between the electrode fitting 12 and the metallic out-
er sleeve 108, but such likelihood of a short circuit can
be prevented by inserting an insulating hose or the like.
[0060] In the described embodiments, after connect-
ing the ceramics heater 6 and the electrode connection
lead wire 10 and the electrode fitting 12, the ceramics
heater 6 is cemented to the metallic outer sleeve 8 as
by brazure and subsequently the refractory insulating
powder 14 is filled into the metallic outer sleeve 8 in
preparation to the swaging operation. However, other
steps may also be used to manufacture a ceramics heat-
er glow plug.

[0061] Figs. 8 to 10 show a procedure of assembling
a ceramics heater glow plug according to a third embod-
iment. In this instance, a brazure initially takes place be-
tween the ceramics heater 6 and the metallic outer
sleeve 8 and between the lead wire connected to the
positive pole of the ceramics heater 6 (not shown, but
contained inside the ceramics heater 6) and the elec-
trode connection lead wire 10 concurrently to provide
an integral assembly, whereupon the electrode fitting 12
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is connected to the distal end of the lead wire 10, fol-
lowed by the swaging operation to secure and electri-
cally connect the electrode fitting.

[0062] Asshownin Fig.8(a), when brazing the ceram-
ics heater 6, the electrode connection lead wire 10 and
the metallic outer sleeve 8, the metallic outer sleeve 8
is set up on a brazure jig (not shown) such that a portion
8c of a greater diameter which is to be secured to the
housing 2 is disposed at the top, as viewed in Fig. 8,
while a bottom portion of the sleeve 8 is fitted around
the ceramics heater 6. The distal end 10b of the elec-
trode connection lead wire 10 is inserted into an inser-
tion opening formed in the end face 6b of the ceramics
heater 6 and in which the positive pole lead wire is ex-
posed, and a wire of brazing silver which is coiled is
placed on top of the end face 6b of the ceramics heater
6 which is situated inside the metallic outer sleeve 8 and
heated to a given temperature such as 900°C, for ex-
ample, to melt the brazing silver. The molten brazing sil-
ver flows into a clearance between the internal surface
of the metallic outer sleeve 8 and the external surface
of the ceramics heater 6 and a clearance between the
internal surface of the insertion opening formed in the
ceramics heater 6 and the external surface of the elec-
trode connection lead wire 10, thus completing a braz-
ure.

[0063] The electrode fitting 12 is provided with a nar-
rowed end 12e in which an insertion opening 12f is
formed, and the distal end 10a of the electrode connec-
tion lead wire 10 is then inserted into the insertion open-
ing 12f as shown in Fig. 8(b). Then steps used in the
first embodiment (refer Figs. 3(b) to (e)) are performed.
Specifically, a refractory insulating powder 14 is filled in-
to a top space in the metallic outer sleeve 8 around the
portion 8c of a greater diameter (see Fig. 9(a)), a seal
member 16 is inserted into the opening 8d of the metallic
outer sleeve 8 (see Fig. 9(b)), and the end 8e of the me-
tallic outer sleeve 8 is caulked to prevent the seal mem-
ber 16 from being disengaged (see Fig. 9(c)). Subse-
quently, the portion 8c of a greater diameter of the me-
tallic outer sleeve 8 is subject to a swaging operation to
reduce its diameter to a value substantially comparable
to the diameter of a portion of the sleeve in which the
ceramics heater 6 is secured (see Fig. 9(d)). The swag-
ing operation deforms the narrowed end 12e at the distal
end of the electrode fitting 12 to secure it and electrically
connect it with the lead wire 10 in a reliable manner.
[0064] One end 18a of the external connection termi-
nal 18 is secured, as by butt welding, to the outer end
12c of the electrode fitting 12 which is now secured with-
in the metallic outer sleeve 8 as a result of the swaging
operation (see Fig. 10). The sub-assembly which is thus
assembled (including the ceramics heater 6, the metallic
outer sleeve 8, the electrode connection lead wire 10,
the electrode fitting 12 and the external connection ter-
minal 18) is now inserted into and secured in the housing
2 in the manner mentioned previously, thus assembling
a ceramics heater glow plug. It will be seen that the ce-
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ramics heater glow plug of this embodiment can achieve
a similar effect as the glow plugs of the previous embod-
iments.

[0065] It will be appreciated that the assembling pro-
cedure of this embodiment provides merits over the em-
bodiments first mentioned. In the first mentioned em-
bodiment, the electrode fitting 12 is initially connected
to the electrode connection lead wire 10 of the ceramics
heater 6 before the ceramics heater 6 is brazed to the
metallic outer sleeve 8, resulting in an increased overall
length of the ceramics heater assembly, and it is difficult
to achieve a brazure for a plurality of ceramics heater
assemblies. In addition, in the course of the brazing op-
eration, the electrode connection lead wire 10 may be-
come flexed under the influence of the weight of the
electrode fitting 12, which must be corrected. In addition,
the presence of the electrode fitting 12 may stand in the
way to placing a coil of brazing filler material and if the
clearance between the external surface of the electrode
fitting 12 and the internal diameter of the metallic outer
sleeve 8 is reduced, a difficulty may be experienced in
placing the coil of the brazing filler material. Since the
brazure between the ceramics heater 6 and the elec-
trode connection lead wire 10 is separate from the bra-
zure between the ceramics heater 6 and the metallic
outer sleeve 8, two independent brazures are required.
[0066] By contrast, in the third embodiment, the bra-
zure between the ceramics heater 6 and the metallic
outer sleeve 8 and the brazure between the ceramics
heater 6 and the electrode connection lead wire 10 take
place in one step, followed by the connection of the elec-
trode fitting 12 (such connection may be only temporary)
and the swaging operation, thus eliminating all of incon-
veniences and difficulties experienced during the as-
sembling procedure of the first embodiment.

[0067] Figs. 11to 13 show a procedure of assembling
a ceramics heater glow plug according to a fourth em-
bodiment. In this embodiment, the electrode fitting 12
has a distal end 12a of a reduced diameter (see Fig. 11
(b) which will be described later), and the electrode con-
nection lead wire 10 has one end 10c which is coiled so
as to have an internal diameter substantially equal to
the external diameter of the distal end 12a of the elec-
trode fitting 12. The ceramics heater 6 and the metallic
outer sleeve 8 are set up on a brazure jig, not shown,
and an end 10b of the lead wire 10 which is located at
the opposite end from the coil 10c is inserted into a
mounting hole formed in the ceramics heater 6, and a
brazing operation takes place concurrently between the
ceramics heater 6 and the metallic outer sleeve 8 and
between the ceramics heater 6 and the lead wire 10 (see
Fig. 11(a)).

[0068] Subsequently, the distal end 12a of a reduced
diameter of the electrode fitting 12 is then inserted into
the coiled end 10c of the lead wire 10 (see Fig. 11(b)).
Subsequently, similar steps as used in the previous em-
bodiments follow, including filling the refractory insulat-
ing powder 14 into a top space within the metallic outer
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sleeve 8 around the portion 8c of a greater diameter (see
Fig. 12(a)), inserting a seal member 16 into the opening
8b of the metallic outer sleeve 8 (see Fig. 12(b)), caulk-
ing the end 8e of the metallic outer sleeve 8 (see Fig.
12(c)) and swaging the portion 8c of a greater diameter
of the metallic outer sleeve (see Fig. 12(d)).

[0069] In this embodiment, the portion 8c of a greater
diameter of the metallic outer sleeve 8 has a slightly
greater diameter than the portion thereof in which the
ceramics heater 6 is secured even after the swaging op-
eration, as will be noted from Fig. 12(d). However, it
should be understood that the portion 8c may be re-
duced in diameter to a comparable diameter as a portion
of the metallic outer sleeve in which the ceramics heater
6 is contained. The distal end 12a of a reduced diameter
of the electrode fitting 12 may be formed with an une-
venness. The unevenness on the electrode fitting 12 al-
lows it to be more firmly bonded with the coiled end 10c
of the-lead wire 10, eliminating any likelihood of disen-
gagement therebetween from occurring.

[0070] Subsequently, one end 18a of the external
connection terminal 18 is secured to the outer end 12c
of the electrode fitting 12 (see Fig. 13), and the sub-as-
sembly is assembled into the housing 2 to complete a
ceramics heater glow plug.

[0071] Figs. 14 to 16 show a procedure of assembling
a ceramics heater glow plug according to a fifth embod-
iment. In the embodiments described above, the elec-
trode connection lead wire 10 of a short length is con-
nected to a positive pole lead wire situated within the
ceramics heater 6 and is taken out of the ceramics heat-
er 6, and the electrode fitting 12 is connected to the end
10a, 10c of the lead wire 10 within the metallic outer
sleeve 8. However, in the fifth embodiment, one end 10b
of the electrode connection lead wire 10 having an in-
creased length which is long enough to extend to the
outside of the metallic outer sleeve 8 is inserted into a
mounting pole through which a lateral surface of a pos-
itive pole lead wire of the ceramics heater 6 is exposed
and is connected thereto (see Fig. 14(a)). Itis to be not-
ed that the stepsof brazing between the ceramics heater
6 and the metallic outer sleeve 8 and between the ce-
ramics heater 6 and the electrode connection lead wire
10 are similar to corresponding steps in the third and the
fourth embodiment.

[0072] In addition, in the fifth embodiment, the elec-
trode fitting 12 is formed with an axially extending
through-opening 12g, into which the electrode connec-
tion lead wire 10 is passed and is secured to and elec-
trically connected to the electrode fitting 12 as by caulk-
ing (see Fig. 14(b)).

[0073] As mentioned previously, the electrode con-
nection lead wire 10 which is taken out of the ceramics
heater 6 is connected to the electrode fitting 12, and as
in the described embodiments, the refractory insulating
powder 14 is filled into the space in the metallic outer
sleeve 8 around the portion 8c of a greater diameter (see
Fig. 15(a)), the seal member 16 is inserted into the open-
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ing 8d (see Fig. 15(b)), the end 8e of the metallic outer
sleeve 8 is caulked (see Fig. 15(c)), and the portion 8c
of a greater diameter is swaged (see Fig. 15(d)) in a
sequential manner. It is to be understood that the step
of caulking the electrode fitting 12 in order to secure it
with the electrode connection lead wire 10 may take
place immediately after the lead wire 10 is inserted into
the through-opening 12g formed in the electrode fitting
12, or may be performed upon completion of the swag-
ing operation. Subsequently, any fragment of the lead
wire 10 which project through the electrode fitting 12 is
cut off (see Fig. 15(e)).

[0074] Subsequently, the end 18a of the external con-
nection terminal 18 is connected to the end 12g of the
electrode fitting 12 (see Fig. 16), and the sub-assembly
shownin Fig. 16 is inserted into and secured to the hous-
ing 2 to complete a ceramics heater glow plug.

[0075] The assembling procedure of the fifth embod-
iment is similar to the third embodiment (shown in Figs.
8 to 10) in that the electrode connection lead wire 10 is
inserted into and secured to the through-opening 12g
formed in the electrode fitting 12, but in the third embod-
iment, the operation of inserting the lead wire 10 into the
electrode fitting 12 takes place within the metallic outer
sleeve 8, and accordingly, a difficulty may be experi-
enced in inserting the lead wire 10 and in confirming
whether or not the lead wire has been inserted, leading
to a failure of connection. However, in the fifth embodi-
ment, the length of the electrode connection lead wire
10 is increased and the lead wire is inserted into the
through-opening 12g in the electrode fitting 12 outside
the metallic outer sleeve 8, thus facilitating the insertion
and the confirmation that it has been inserted, thus elim-
inating the likelihood of a failure of connection to im-
prove a quality control.

[0076] Figs. 17 to 19 shows a procedure of assem-
bling a ceramics heater glow plug according to a sixth
embodiment. In this embodiment, an electrode connec-
tion lead wire 110 which is to be connected to a positive
pole lead wire located within the ceramics heater 6 is
thick enough to exhibit a certain degree of rigidity.
[0077] In this embodiment, the electrode connection
lead wire 110 and the ceramics heater 6 as well as the
ceramics heater 6 and the metallic outer sleeve 8 are
secured and connected together by a brazure (see Fig.
17(a)). Subsequently, a distal end 110a of the electrode
connection wire 110 is inserted into one end of a pipe-
shaped connection member 30 which is secured to the
distal end 12a of the electrode fitting 12 by being caulked
(which is indicated by reference character 30a) (see Fig.
17(b)). Thus, the electrode connection wire 110 requires
a degree of rigidity which can be inserted and fitted into
the connection member 30.

[0078] After the connection member 30 which is se-
cured to the electrode fitting 12 is fitted over the distal
end 110a of the electrode connection wire 110, the re-
fractory insulating powder 14 is filled into the space with-
in the metallic outer sleeve 8 around the portion 8c of a
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greater diameter (see Fig. 18(a)), the seal member 16
is fitted into the opening 8d (see Fig. 18(b)), the end 8e
of the metallic outer sleeve 8 is caulked (see Fig. 18(c)),
and the portion 8c of a greater diameter of the metallic
outer sleeve 8 is swaged (see Fig. 18(d)). Subsequently,
the end 18a of the external connection terminal 18 is
connected to the outer end 12c of the electrode fitting
12 by a butt welding (see Fig. 19), and the resulting sub-
assembly is secured in the housing 2 to complete a ce-
ramics heater glow plug.

[0079] Figs. 20 to 22 shows a procedure of assem-
bling a ceramics heater glow plug according to a sev-
enth embodiment. In this embodiment, an electrode
connection wire 110 which is to be connected to a pos-
itive pole lead wire located within the ceramics heater 6
has sufficient rigidity which allows it to urge the electrode
fitting 12, as will be described below.

[0080] In this embodiment, the metallic outer sleeve
8 and the ceramics heater 6 as well as the ceramics
heater 6 and the electrode connection wire 110 are con-
nected together concurrently by a brazure (see Fig. 20
(a)). A heat shrinkable tube 32 is mounted on the distal
end 12a of the electrode fitting 12 (see Fig. 20(b)). Itis
to be noted that at this point, the tube 32 has not yet
been shrunk.

[0081] Subsequently, the end 12a of the electrode fit-
ting 12 is urged against the end 110a of the electrode
connection wire 110 to have the heat shrunk tube 32
fitted around the electrode connection wire 110. The
heat shrinkable tube 32 is then caused to shrink under
heat to be secured thereon (see Fig. 20(c)).

[0082] Therefractoryinsulating powder 14 is filled into
the space in the metallic outer sleeve 8 around the por-
tion 8c of a greater diameter (see Fig. 21(a)), the seal
16 is inserted into the opening 8d (see Fig. 21(b)), the
end 8e is caulked (see Fig. 21(c)), and the portion 8c of
the greater diameter is swaged (see Fig. 21(d)). Subse-
quently, the end 18a of the external connection terminal
18 is secured to the end 12c of the electrode fitting 12
as by a butt welding (Fig. 22), and the resulting sub-
assembly is inserted into and secured in the housing 2
to complete a ceramics heater glow plug. In the sixth
and the seventh embodiment, the electrode connection
wire 110 and the electrode fitting 12 are connected to-
gether using either the connection member 30 or the
heat shrinkable tube 32, thus achieving a reliable con-
nection between the wire 110 and the electrode fitting
12.

[0083] In the third to the seventh embodiment shown
in Figs. 8 to 22, the ceramics heater 6 and the metallic
outer sleeve 8 as well as the positive pole lead wire lo-
cated within the ceramics heater 6 and the electrode
connection lead wire 10 (or the electrode connection
wire 110) are secured together in one brazing operation,
and then the electrode fitting 12 is connected to the elec-
trode connection lead wire 10 (or the electrode connec-
tion wire 110) (this connection may be a temporary con-
nection), followed by the swaging operation to secure
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the electrode fitting to achieve an electrical connection
in a reliable manner, and accordingly, there is no need
for a welding or caulking step to take place between the
electrode connection lead wire 10 or 110 and the elec-
trode fitting 12, allowing a reduction in the number of
steps required. A number of ceramics heaters 6 and me-
tallic outer sleeves 8, which are greater in number than
in the first and second embodiment, can be concurrently
brazed together while avoiding any influence of the
weight of the electrode fitting 12 upon the electrode con-
nection lead wire 10 during the brazing operation to
avoid a deformation of the lead wires. During the brazing
operation, placement of a brazing filler material is facil-
itated and the result of the brazing operation can be
more easily observed, adding an advantage to the qual-
ity control. The ease of assembly is not detracted if an
electrode fitting 12 of a greater diameter than the ce-
ramics heater 6 is used, allowing a free choice of sizes.
In addition, a heat treatment of the electrode fitting 12
is permitted, enabling a torque accommodation in a glow
plug of a thin diameter (for example M8) while allowing
an expensive working such as glass fusing to be avoid-
ed. The brazure can be completed in one step with an
improved assembly and productivity, leading to an eco-
nomical advantage.

[0084] Fig. 23 is a longitudinal section showing a sta-
tus of a ceramics heater glow plug according to an
eighth embodiment in the course of assembly thereof.
In this embodiment, an electrode connection lead wire
210 which is connected to a positive pole lead wire is
coiled at its end 210c which is to be connected with an
electrode fitting, in the similar manner as in the fourth
embodiment shown in Figs. 11 to 13. However, in this
embodiment, a hollow pipe member is used for the elec-
trode connection lead wire 210.

[0085] In the similar manner as in the fourth embodi-
ment, the ceramics heater 6 and the metallic outer
sleeve 8 are set on a brazure jig, and an end 210b of
the electrode connection lead wire 210 which is opposite
from the coiled end 210c is inserted into a mounting hole
6¢c formed in the end of the ceramics heater 6, and a
brazing operation takes place concurrently between the
ceramics heater 6 and the metallic outer sleeve 8 and
between the ceramics heater 6 and the electrode con-
nection lead wire 210.

[0086] Since the electrode connection lead wire 210
which is inserted into and secured in the mounting hole
6¢ of the ceramics heater 6 is hollow, any air which re-
mains in the mounting hole 6 is exhausted externally
through a hollow passage 210d (see Figs. 24 (a) and
(b)) during the brazing operation, thus allowing bubbles
which may be generated during the brazing operation
to be reduced, with consequence that an increase in the
resistance of brazed parts is suppressed, permitting a
variation in the performance of the glow plug to be pre-
vented. The hermetic seal of brazed parts is also im-
proved, allowing the ingress of moisture or oil content
into the heating element of the ceramics heater to be
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prevented and also allowing cracks which may result
from the evaporation of such contents within the ceram-
ics heater to be prevented. In addition, a variety of ad-
vantages result including a reduction in the number of
voids and pores within the brazed parts and an increase
in the strength of connection of the electrode fitting.
[0087] After cementing the ceramics heater 6 and the
metallic outer sleeve 8 as well as the ceramics heater 6
and the electrode connection lead wire 210, a portion of
a reduced diameter which is located at the distal end of
the electrode fitting is inserted into the coiled end 210c
of the electrode connection lead wire 210, in the similar
manner as shown in Figs. 11 to 13. The refractory insu-
lating powder is filled into the top space within the me-
tallic outer sleeve 8 around the portion 8c of a greater
diameter, the seal member is inserted into the opening
of the sleeve 8, the end of the sleeve 8 is caulked and
then the sleeve is swaged. One end of the external con-
nection terminal is secured to the outer end of the elec-
trode fitting as by a butt welding, and the resulting sub-
assembly is assembled into the housing to complete a
ceramics heater glow plug.

[0088] In this embodiment, the hollow pipe 210 having
a circular through-passage 210d formed therein is used
as the electrode connection lead wire 210 (see Fig. 24
(a) and (b)), but the present invention is not limited to
the use of such a hollow pipe 210. By way of example,
a hollow pipe 310 having a slit 310e formed therein
which communicates the internal through-passage
310d with the exterior, as indicated in Figs. 24(c) and
(d), may also be used. In any event, any member having
a passage 210d or 310d which allows the air within the
mounting hole 6¢ to be led externally of the ceramics
heater 6 may be used when it is inserted into the mount-
ing hole 6¢ of the ceramics heater 6 and the brazing op-
eration takes place.

[0089] Fig. 25 shows an essential part of a ceramics
heater glow plug according to a ninth embodiment. In
this embodiment, a hollow pipe member 410 is used as
an electrode connection lead wire, in the same manner
as in the eighth embodiment. The electrode connection
lead wire 410 includes a straight pipe section 410f of a
reduced diameter having an end which is formed with a
cup-shaped connector 410 while the opposite end 410b
is inserted into a mounting hole 6¢ formed in the ceram-
ics heater 6 to be secured therein by a brazure. The dis-
tal end of the electrode fitting is inserted into the cup-
shaped connector 410g for purpose of electrical con-
nection.

[0090] In this embodiment, the distal end of the elec-
trode fitting is sized to be a close fit with the internal di-
ameter of the connector 410g of the lead wire 410, and
after the electrode fitting and the end 410g of the lead
wire 410 are fitted together, sequential steps of filling a
refractory insulating powder into a top space within the
metallic outer sleeve 8 around the portion 8c of a greater
diameter, inserting a seal member into the , opening of
the metallic outer sleeve 8, caulking the end of the me-
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tallic outer sleeve 8 and swaging the portion 8c take
place in the similar manner as in the previous embodi-
ments. This embodiment uses the hollow pipe member
410 for the electrode connection lead wire, and thus
achieves a similar effect as achieved in the eighth em-
bodiment.

[0091] Fig. 26 shows part of an assembling step for a
glow plug according to a tenth embodiment, in particular,
illustrating a unique connection between an electrode
connection lead wire 510 and an electrode fitting 112.
Again, a hollow pipe-shaped member is used for the
electrode connection lead wire 510 in the similar manner
as in the eighth and the ninth embodiment. Although the
end 210c of the lead wire 210 which is located toward
the electrode fitting is coiled in the manner of a spring
having spaced successive turns, in the tenth embodi-
ment, the end 510h of the lead wire 510 which is located
toward the electrode fitting is in the form of a helical coil
having successive turns which are in close contact with
each other.

[0092] The electrode fitting 112 has a distal end 112e
which is to be connected with the helical coil 510h of the
electrode connection lead wire 510. The distal end 112e
is in the form of a stack of umbrella or fungi having a
maximum diameter (indicated by reference character
112ea) which is slightly greater than the internal diam-
eter of the helical coil 510h of the lead wire 510.
[0093] When assembling a ceramics heater glow plug
according to this embodiment, a straight end 510b of the
electrode connection lead wire 510 which comprises a
hollow pipe member is inserted into a mounting hole 6¢
formed in the ceramics heater 6, and a brazure takes
place between the ceramics heater 6 and the metallic
outer sleeve 8 and between the ceramics heater 6 and
the electrode connection lead wire 510. It will be seen
that when the brazing operation takes place, the use of
the hollow pipe member for the electrode connection
lead wire 510 allows an air which remains in the mount-
ing hole 6¢ to be exhausted in a similar manner as de-
scribed above in connection with the eighth and the
ninth embodiment.

[0094] After the ceramics heater 6 and the metallic
outer sleeve 8 as well as the ceramics heater and the
electrode connection lead wire 510 have been cement-
ed together by the brazing operation, the distal end 112e
of the electrode fitting 112 is placed against the helical
coil 510h of the lead wire 510, and is urged axially (or
in the vertical direction as viewed in Fig. 26), as indicat-
ed by an arrow A shown in Fig. 26(a) to connect the lead
wire 510 and the electrode fitting 112 together (see Fig.
26(b)). The helical coil 510h of the lead wire 510 is in-
ternally formed with an unevenness which is engaged
with a plurality of bases of the umbrella or the fungi hav-
ing the maximum diameter 112ea formed on the distal
end 112e of the electrode fitting 112 to prevent their dis-
engagement, thus connecting the lead wire 510 and the
electrode fitting 112 mechanically and electrically in a
reliable manner. While the distal end 112e of the elec-
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trode fitting 112 is formed with a stack of umbrella or
fungi-shaped heads, it should be understood that the in-
vention is not limited to such configuration, but the distal
end 112e may be formed with a stack of steps of any
other configuration which are engageable with the inter-
nal surface of the helical coil 510h of the lead wire 510.
[0095] After the lead wire 510 and the electrode fitting
112 are connected together, the swaging operation
takes place in the similar manner as mentioned above,
and the resulting sub-assembly is assembled into the
housing to complete a ceramics heater glow plug. While
the connection of the electrode connection lead wire 510
with the electrode fitting 512 which is formed by a hollow
pipe member has been described, the arrangement of
Fig. 26 can be used to connect the electrode connection
lead wire and the electrode fitting together if an elec-
trode connection lead wire other than a hollow pipe
member is used.

[0096] Fig. 27 shows part of an assembling step for a
ceramics heater glow plug according to an eleventh em-
bodiment. In this embodiment, an electrode connection
lead wire 510 having a helical coil 510h formed on an
end of the pipe-shaped member is used as in the tenth
embodiment. However, the electrode fitting 212, to
which the lead wire 510 is to be electrically connected,
has a distal end 212f which is in the form of threads hav-
ing an external diameter which is slightly greater than
the internal diameter of a convex portions formed as an
unevenness on the internal surface of the helical coil
510h of the lead wire 510.

[0097] In this embodiment, the electrode fitting 212 is
turned around its axis, as indicated by an arrow B in Fig.
27 (a), to cause the threads 212f formed on the distal
end of the electrode fitting 212 to be threadably engaged
with the helical coil 510h of the lead wire 510, thus con-
necting the lead wire 510 and the electrode fitting 512
together. This construction also achieves a reliable me-
chanical and electrical connection between the lead
wire 510 and the electrode fitting 512. After the lead wire
510 and the electrode fitting 212 are connected together
in this manner, the swaging operation takes place as
mentioned above, and the resulting sub-assembly is as-
sembled to the housing to complete a ceramics heater
glow plug.

[0098] Fig. 28 shows a procedure of assembling a ce-
ramics heater glow plug according to a twelfth embodi-
ment, in particular, the manner of securing the ceramics
heater 6 and the electrode fitting 12 through a metallic
outer sleeve 208. In this embodiment, the ceramics
heater 6 and the electrode connection lead wire 10 are
constructed in the similar manner as shown in the fourth
embodiment (Figs. 11 to 13), but the configuration of the
metallic outer sleeve 208 in which the ceramics heater
6 is secured and the relative positions of the ceramics
heater 6 and the metallic outer sleeve 208 are different
from the fourth embodiment.

[0099] In this embodiment, the metallic outer sleeve
208 comprises a stepped pipe including a straight por-
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tion 208a having a minimum diameter, a portion 208b of
a greater or a medium diameter and a portion 208c hav-
ing a maximum diameter. The ceramics heater 6 is se-
cured within the straight portion 208a having the mini-
mum diameter. In the fourth embodiment, the end face
6b of the ceramics heater 6 through which the electrode
connection lead wire 10 is taken out is situated within
the straight portion having the minimum diameter of the
metallic outer sleeve 8, but in the twelfth embodiment,
the end face 6b of the ceramics heater 6 is situated with-
in the portion 208b having a medium diameter rather
than within the straight portion 208a having the mini-
mum diameter.

[0100] In this embodiment, one end 10c of the elec-
trode connection lead wire 10 which is located toward
the electrode fitting 12 is formed into a coil having an
internal diameter which is comparable to the external
diameter of the distal end 12a having a reduced diam-
eter of the electrode fitting 12. The ceramics heater 6
and the metallic outer sleeve 8 are set up on a brazure
jig, not shown, and the other end 10b of the lead wire
10 is inserted into a mounting hole 6¢ formed in the ce-
ramics heater 6 to be brazed therewith (see Fig. 28(a)).
It should be noted that the ceramics heater 6 may be
cemented with the electrode connection lead wire 10
and the metallic outer sleeve 208, respectively, by two
separate brazing steps.

[0101] After the ceramics heater 6, the electrode con-
nection lead wire 10 and the metallic outer sleeve 208
are connected together by the brazing operation, the
portion 12a of a reduced diameter which is formed at
the distal end of the electrode fitting 12 is inserted into
the coiled end 10c of the lead wire 10 (see Fig. 28(b)).
Itis to be noted that in this embodiment, the portion 12a
of a reduced diameter of the electrode fitting 12 is
formed with a portion 12h of an increased diameter at
its tip, which is engaged with the coiled end 10c to pre-
vent the disengagement thereof from the coil.

[0102] Subsequently, a refractory insulating powder
14 is filled into the portion 208b of a medium diameter
and the portion 208c of a maximum diameter of the me-
tallic outer sleeve 208, a seal member 16 is inserted into
the opening of the metallic outer sleeve 208 (see Fig.
28 (c)), and the portion 208c of the metallic outer sleeve
is subject to a swaging operation (see Fig. 28(d)). The
swaging operation reduces the diameter of the portion
208c of the metallic outer sleeve 208 to a value which
is comparable to the diameter of the portion 208b. In this
embodiment, the junction between the coiled end 10c
of the lead wire 10 and the electrode fitting 12 is situated
within the portion 208c of a maximum diameter of the
metallic outer sleeve 208, and accordingly, when the
portion 208c is swaged, the lead wire 10 and the elec-
trode fitting 12 are cemented together in a reliable man-
ner to provide an electrical connection therebetween.
One end 18a of the external connection terminal 18 is
secured to the outer end 12c of the electrode fitting 12
as by a butt welding, and the resulting sub-assembly is
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assembled into the housing 2 to complete a ceramics
heater glow plug.

[0103] It is to be noted that the swaging operation
achieves a firm connection between the ceramics heat-
er 6 and the electrode fitting 12 through the metallic out-
er sleeve 208 interposed. The end face 6b of the ceram-
ics heater 6 through which the positive pole lead wire is
taken out is not located within the straight portion 208a
having a minimum diameter to which the negative pole
lead wire is connected, but is situated within the portion
208b having a medium diameter, thus improving the in-
sulation between the positive and the negative pole and
facilitating the placement of a brazing silver in prepara-
tion to the brazing operation.

[0104] Fig. 29 shows an assembling procedure for a
ceramics heater glow plug according to a thirteenth em-
bodiment. In this embodiment, an end of the electrode
connection lead wire 10 which is located toward the ce-
ramics heater 6 is formed with a cap-shaped connector
10j which is fitted over a positive pole lead connection
end 6d of the ceramics heater 6. A positive pole lead
wire extending from a heating element is exposed on
the external surface of the end 6d of the ceramics heater
6 so that when the connector 10j of the lead wire 10 is
fitted over the end 6d of the ceramics heater 6, an elec-
trical connection is achieved at the same time as the
ceramics heater 6 and the electrode connection lead
wire 10 are mechanically secured together.

[0105] In this embodiment, the portion 12a of a re-
duced diameter which is formed on the distal end of the
electrode fitting 12 is inserted into the coiled end 10c of
the lead wire 10 to be connected therewith (see Fig. 29
(b)), a refractory insulating powder is filled into the por-
tion 208a of a medium diameter and the portion 208¢ of
a maximum diameter of the metallic outer sleeve 208,
a seal member 16 is inserted into the opening of the me-
tallic outer sleeve 208 (see Fig. 29(c)), and the portion
208c is swaged (see Fig. 29(d)). The swaging operation
achieves a reliable cementation between the ceramics
heater 6 and the connector 10j of the lead wire 10 and
between the coiled end 10c of the lead wire 10 and the
electrode fitting 12. Subsequently, one end 18a of the
external connection terminal 18 is secured to the outer
end 12c of the electrode fitting 12 as by a butt welding,
and a resulting sub-assembly is assembled into the
housing 2 to complete a ceramics heater glow plug.
[0106] Fig. 30 shows an assembling procedure ac-
cording to a fourteenth embodiment. In this embodi-
ment, an end of the electrode connection lead wire 10
which is to be connected to the ceramics heater 6 is
formed with a coil 10k of a reduced diameter. On the
other hand, the opposite end of the ceramics heater 6
which is connected to the positive pole is formed with a
portion 6e of a reduced diameter, and a positive pole
lead wire extending from a heating element is disposed
as exposed around the portion 6e of a reduced diameter.
When the coil 10k of the lead wire 10 is fitted over the
portion 6e of a reduced diameter of the ceramics heater
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6 to be secured, an electrical connection is achieved be-
tween the ceramics heater 6 and the electrode connec-
tion lead wire 10.

[0107] Subsequently, after the ceramics heater 6 is
cemented with the metallic outer sleeve 108 and the ce-
ramics heater 6 is connected with the electrode connec-
tion lead wire 10 (see Fig. 30(a)), the electrode fitting 12
is fitted into the coiled end 10c of the lead wire to be
connected therewith. A refractory insulating powder is
filled into the metallic outer sleeve 208, a seal member
16 is inserted into the opening of the metallic outer
sleeve 208 (see Fig. 30(c)), and the swaging operation
takes place (see Fig. 30(d)).

[0108] Fig. 31 shows an assembling procedure ac-
cording to a fifteenth embodiment, and the ceramics
heater 6 and the electrode connection lead wire 10 are
connected together with a similar construction as used
in the fourteenth embodiment. However, in this embod-
iment, a construction which takes out a negative pole
wire from a heating element 36 of the ceramics heater
6 is different from the embodiments described above. In
the described embodiments, an end of a negative pole
lead wire is exposed to a portion of either metallic outer
sleeve 8, 108 or 208 where a ceramics heater 6 is ce-
mented (namely, the straight portion 208a having the
minimum diameter), whereby it is electrically connected
to the internal surface of either metallic outer sleeve 8,
108 or 208. By contrast, in the fifteenth embodiment, the
negative pole lead wire 38 extending from the heating
element 36 extends through the ceramics heater 6 to a
point which is situated within the portion 208b of having
a medium diameter of the metallic outer sleeve 108, and
has an end 38a which is electrically connected to the
metallic outer sleeve 208 through a conductive ring 40.
[0109] In this embodiment, the ceramics heater 6 is
cemented to the metallic outer sleeve 208 and the elec-
trode connection lead wire 10 is fitted over the portion
6e of a reduced diameter formed at the distal end of the
ceramics heater 6 to be connected therewith (see Fig.
31(a)), the distal end 12a of the electrode fitting 12 is
inserted into the coil 10c of the lead wire 10 to be con-
nected therewith (see Fig. 31(b)), a refractory insulating
powder 14 is filled into the metallic outer sleeve 208 and
a seal member 16 is inserted into the opening of the me-
tallic outer sleeve 208 (see Fig. 31(c)), whereupon the
metallic outer sleeve is swaged to secure the ceramics
heater 6 and the electrode fitting 12 (see Fig. 31(d)).
[0110] Since the negative pole lead wire 38 is cement-
ed to the metallic outer sleeve 108 inside the metallic
outer sleeve 208 (or within the portion 208b having a
medium diameter), it will be seen that as compared with
the described embodiments where the negative pole
lead wire is connected to the straight portion having a
minimum diameter of either metallic outer sleeve 8, 108
or 208, the location where the lead wire 38 is cemented
is further removed from the heating element 6a and thus
assumes a lower temperature and thus is less suscep-
tible to the influence of a difference in the coefficient of
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linear expansion between the ceramics and the metallic
outer sleeve, thus improving the reliability of cementa-
tions.

[0111] Fig. 32 shows an assembling procedure for a
ceramics heater glow plug according to a sixteenth em-
bodiment. In this embodiment, the configuration of a ce-
ramics heater 106 differs from the described embodi-
ments. Specifically, the ceramics heater 106 includes a
portion 106f of an increased diameter toward an end
through which a positive pole lead wire is taken out. The
portion 106f is configured to be in substantial conformity
to a shift in the internal surface of the metallic outer
sleeve 208 from the portion 208b having a medium di-
ameter to the portion 208a having a minimum diameter.
[0112] Inthis embodiment, the portion 106f having an
increased diameter of the ceramics heater 106 is formed
with a distal end 106e of a reduced diameter, and the
end of a positive pole lead wire 142 extending from a
heating element 136 is exposed on the lateral surface
of the end 106e. Accordingly, when a coil 10k of a re-
duced diameter at one end of the electrode connection
lead wire 10 is fitted over the end 106e to be secured
therewith, the lead wire is electrically connected with the
lead wire 142. The negative pole lead wire 138 is taken
out of the ceramics heater 106 at a point which is located
within the portion 208a having a minimum diameter of
the metallic outer sleeve 208, but located toward the
portion 106f of an increased diameter, where it is ce-
mented to the internal surface of the metallic outer
sleeve 208 to be electrically connected therewith.
[0113] The ceramics heater 106 which is configured
in the manner mentioned above is inserted into the por-
tion 208c having a maximum diameter of the metallic
outer sleeve 208 to be secured within the portion 208b
of a medium diameter and a straight portion 208a of the
minimum diameter of the metallic outer sleeve 208. The
coil 10k of the electrode connection lead wire 10 is fitted
over the ceramics heater 106 to be connected therewith
(see Fig. 32(a)), the electrode fitting 12 is connected to
the coil 10c located at the other end of the lead wire 10
(see Fig. 32(b)), a refractory insulating powder 14 is
filled into the metallic outer sleeve 208, a seal member
16 is inserted into the opening of the metallic outer
sleeve 208 (see Fig. 32(c)), and the swaging operation
of the metallic outer sleeve takes place (see Fig. 32(d)).
By using the ceramics heater 106 having the portion
106f of an increased diameter formed on the end which
is disposed inside the metallic outer sleeve 208, the po-
sitioning when brazing the ceramics heater 106 and the
metallic outer sleeve 208 is facilitated. In the event an
abnormal combustion occurs during the use of the glow
plug, the ceramics heater 106 which is thus positioned
can not be displaced relative to the metallic outer sleeve
208, thus improving the reliability.

[0114] Fig. 33 shows an assembling procedure for a
ceramics heater glow plug according to a seventeenth
embodiment. A ceramics heater 106 of this embodiment
differs in configuration from the described embodi-



29 EP 1 328 138 A1 30

ments. The ceramics heater 206 has a greater diameter
in its portion which projects externally of the metallic out-
er sleeve 208 or a heater portion 206a in which a heat
element 236 is embedded. The heater portion 206a has
an external diameter which substantially matches the
external diameter of the portion 208a of the metallic out-
er sleeve 208 which has a minimum diameter.

[0115] In this embodiment, the ceramics heater 206
is inserted into the straight portion 208a having a mini-
mum diameter of the metallic outer sleeve 208, and after
the ceramics heater 206 is cemented with the sleeve
208 and the portion 206e of a reduced diameter which
is located at the distal end of the ceramics heater 206
is connected with a coil 10k of a reduced diameter of the
electrode connection lead wire 10 (see Fig. 33(a)), the
electrode fitting 22 is connected to the coil 10c of the
lead wire 10 (see Fig. 33(b)), arefractory insulating pow-
der 14 is filled into the metallic outer sleeve 208, a seal
member 16 is inserted into the opening of the metallic
outer sleeve 208 (see Fig. 33(c)), and the swaging op-
eration takes place (see Fig. 33(d)).

[0116] As aresultof providing the heater portion 206a
of an increased diameter for a portion of the ceramics
heater 206 which projects externally of the metallic outer
sleeve 208, the relative positioning between the ceram-
ics heater 206 and the metallic outer sleeve 208 is fa-
cilitated when the brazing operation takes place. This
also prevents a displacement of the ceramics heater
206 relative to the metallic outer sleeve 208.

[0117] Fig. 34 shows an assembling procedure for a
ceramics heater glow plug according to an eighteenth
embodiment. In the described embodiments, a wire ma-
terial of a reduced diameter is used for the electrode
connection lead wire 10 which connects the positive
pole of either heating element 36, 136 or 236 of the ce-
ramics heater 6, 106 or 206 to the electrode fitting 12.
However, in the eighteenth embodiment, the positive
pole lead wire (not shown) extending from the heating
element of the ceramics heater 6 is cemented with the
electrode fitting 12 through a cylindrical hardware 50 to
provide an electrical connection therebetween.

[0118] The cylindrical hardware 50 has a connector
50a of an increased diameter for connection with the ce-
ramics heater 6 and another connector 50b of an in-
creased diameter for connection with the electrode fit-
ting 12. The connector 50a has an internal diameter
which substantially matches or is slightly greater than
the external diameter of the end 6d of the ceramics heat-
er 6. The connector 50b has an internal diameter which
substantially matches or is slightly greater than the ex-
ternal diameter of the distal end 12a of the electrode
fitting 12.

[0119] In this embodiment, the ceramics heater 6 is
inserted into the metallic outer sleeve 208 and is posi-
tioned such that the heating element 6a projects exter-
nally of the sleeve while the end 6d is disposed within
the portion 208b having a medium diameter of the
sleeve, and the sleeve 208 and the ceramics heater 6
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are cemented together by a brazing operation. The con-
nector 50a of the cylindrical hardware 50 is fitted over
the end 6d of the ceramics heater 6 which remains within
the metallic outer sleeve 208 (see Fig. 34(a)). Also, the
distal end 12a of the electrode fitting 12 is inserted into
the other connector 50b of the cylindrical hard ware 50
(see Fig. 34(b)).

[0120] Subsequently, a refractory insulating powder
14 is filled into the metallic outer sleeve 208, a seal
member 16 is inserted into the opening of the sleeve
208 (see Fig. 34(c)), and a swaging operation takes
place (see Fig. 34(d)). The swaging operation reduces
the diameter of the portion 208(c) of the sleeve 208, and
also reduces the diameter of the cylindrical hardware
disposed within the sleeve 208 through the refractory
insulating powder 14, thus firmly cementing the ceram-
ics heater 6 and the electrode fitting 12 together.

CAPABILITY OF INDUSTRIAL EXPLOITATION

[0121] As discussed above, a ceramics heater glow
plug according to the invention is used as a start aid for
a diesel engine. The glow plug has a reduced diameter
and an increased length, and thus is suitable for use in
a diesel engine of direct injection type having an in-
creased number of valves.

Claims

1. A ceramics heater glow plug including a ceramics
heater formed by an insulating ceramics material
and an inorganic conductor, a metallic outer sleeve
having one end in which the ceramics heater is se-
cured and the other end which is adapted to be se-
cured within an internal bore of an housing, and an
electrode fitting connected to one of lead wires ex-
tending from a heating element of the ceramics
heater which projects through an end face disposed
within the metallic outer sleeve;

wherein the electrode fitting is formed as a rig-
id body and a junction between the electrode fitting
and the lead wire extending from the heating ele-
ment is received within the metallic outer sleeve,
and the electrode fitting is secured to the metallic
outer sleeve through an insulator interposed.

2. A ceramics heater glow plug according to Claim 1
in which the electrode fitting has an end face which
is formed with an insertion opening, into which one
end of the lead wire is inserted for purpose of con-
nection therebetween.

3. A ceramics heater glow plug according to Claim 2
in which the insertion opening represents a through-
opening axially extending through the electrode fit-
ting, the lead wire being passed through the
through-opening and then the outer periphery of the
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electrode fitting being subject to a plastic deforma-
tion to complete a connection between the lead wire
and the electrode fitting.

A ceramics heater glow plug according to Claim 1
in which a lateral surface of the distal end of the lead
wire is disposed in abutment against a lateral sur-
face of the distal end of the electrode fitting for pur-
pose of connection therebetween.

A ceramics heater glow plug according to Claim 4
in which the distal end of the electrode fitting is
formed with a step, against which a lateral surface
of the distal end of the lead wire is disposed in abut-
ment for purpose of connection therebetween.

A ceramics heater glow plug according to Claim 1
in which the electrode fitting and the lead wire are
connected together through a connection member.

A ceramics heater glow plug according to Claim 1
in which a hollow pipe member is used for the lead
wire which is connected with the electrode of the
heating element.

A ceramics heater glow plug according to Claim 1
in which a slitted hollow pipe member is used for
the lead wire which is connected with the electrode
of the heating element.

A ceramics heater glow plug according to one of
Claims 1, 7 and 8 in which the distal end of the lead
wire is formed into a coil, into which the distal end
of the electrode fitting is inserted for purpose of an
electrical connection therebetween.

A ceramics heater glow plug according to Claim 7
or 8 in which the lead wire formed by the hollow pipe
member has an end which is formed with a cup-
shaped connector into which the distal end of the
electrode fitting is fitted.

A ceramics heater glow plug according to one of
Claims 1, 7 and 8 in which the lead wire has an end
which is helically coiled while the distal end of the
electrode fitting is formed with a plurality of steps,
which are engaged with an unevenness formed by
the helical coil to connect the lead wire and the elec-
trode fitting together.

A ceramics heater glow plug according to one of
Claims 1, 7 and 8 in which the lead wire has an end
which is helically coiled while the distal end of the
electrode fitting is formed with threads, which are
threadably engaged with the helical coil to connect
the lead wire and the electrode fitting together.

A ceramics heater glow plug according to one of
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Claims 1 to 12 in which an elastic seal member is
fitted into an opening of the metallic outer sleeve
which is formed toward the electrode fitting.

A ceramics heater glow plug according to one of
Claims 1 to 13 in which the metallic outer sleeve
comprises a stepped pipe including a portion of a
reduced diameter and another portion of a greater
diameter and an end face of the ceramics heater
which is situated within the metallic outer sleeve is
disposed within the portion of a greater diameter.

A method of manufacturing a ceramics heater glow
plug according to one of Claims 1 to 14, comprising
sequential steps of

connecting a lead wire projecting from an end
face of the ceramics heater with the electrode fitting;

securing the ceramics heater within one end
of the metallic outer sleeve;

filling a refractory insulating powder into the
metallic outer sleeve through the other end thereof;

and subjecting the outer periphery of the me-
tallic outer sleeve in a region in which the lead wire
and the electrode fitting are received to a swaging
operation to reduce the diameter thereof; thereby
securing the electrode fitting within the metallic out-
er sleeve.

A method of manufacturing a ceramics heater glow
plug according to one of the claims 1 to 14, com-
prising sequential steps of

securing the ceramics heater in one end of the
metallic outer sleeve;

connecting a lead wire which projects from an
end face of the ceramics heater to the electrode fit-
ting;

filling a refractory insulating powder into the
metallic outer sleeve through the other end thereof;

and subjecting the outer periphery of the me-
tallic outer sleeve in a region in which the lead wire
and the electrode fitting are received to a swaging
operation to reduce the diameter thereof, thereby
securing the electrode fitting within the metallic out-
er sleeve.

A method of manufacturing a ceramics heater glow
plug according to Claim 16 in which securing the
ceramics heater in one end of the metallic outer
sleeve takes place concurrently with connecting
one end of the lead wire to the ceramics heater.

A method of manufacturing a ceramics heater glow
plug according to one of Claims 15 to 17 in which a
region of the metallic outer sleeve which is subject
to the swaging operation has an external diameter
prior to the swaging operation which is greater than
an external diameter of the portion of the metallic
outer sleeve in which the ceramics heater is se-
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cured.

A method of manufacturing a ceramics heater glow
plug according to one of Claims 15 to 18 in which
after the step of filling a refractory insulating powder
into the metallic outer sleeve through the other end
thereof, an elastic seal member is fitted into an
opening of the metallic outer sleeve disposed to-
ward the electrode fitting.

A method of manufacturing a ceramics heater glow
plug according to one of Claims 15 and 16 in which
the lead wire connected to the electrode of the heat-
ing element has an end which is helically coiled
while the distal end of the electrode fitting is formed
with a plurality of steps, and in which the electrode
fitting is axially urged to force the steps into the hel-
ical coil for engagement therebetween, thus con-
necting the lead wire and the electrode fitting to-
gether.

A method of manufacturing a ceramics heater glow
plug according to one of Claims 15 and 16 in which
the lead wire connected to the electrode of the heat-
ing element has an end which is helically coiled
while the distal end of the electrode fitting is formed
with threads and in which the electrode fitting is
turned about its axis to force the threads into thread-
able engagement with the helical coil, thereby con-
necting the lead wire and the electrode fitting to-
gether.
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